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Table 5.1 The first year physics objectives at the University of Waikato 

Knowledge and Comprehension of Physics 

I (A) Develop the ability to extract information ( from scientific litt?rature). 

(B) Develop the ability to interpret information, particularly to interpret 
mathematical and graphical descriptions. 

(C) Obtain an understanding of the facts, principles and theories of physics 
(as specified in the courses). 

Application 

209 

II (A) Develop the ability to apply theoretical results to relatively familiar situations. 

(B) Develop the ability to apply theory, and mathematically analyze, problem 
situations. 

(C) Develop the ability to apply theory to relatively unfamiliar problem situations. 

Analysis 

III (A) Develop the ability to critically analyze problem situations and evaluate 
information. • 

(B) Develop a critical attitude towards, and an ability to analyze, idealizations, 
approximations, and assumptions in physical theories. 

(C) Develop an understanding, and appreciation, of some of the major themes and 
unifying concepts of physics (including the relationship between fundamental 
principles and derived laws). 

Processes of Experimental Inquiry I (Experimental Design) 

IV (A) Develop the ability to propose tentative ideas, and working hypotheses, and 
make logical and testable predictions. 

(B) Develop the ability to translate problems into experimental operations. 

(C) Develop the ability to make useful and reliable observations. 

Processes of Experimental Inquiry II (Analysis and Conclusions) 

IV (D) Develop the ability to keep adequately detailed and organised records of 
experimental work and to be able to extract information from these. 

(E) Develop the ability to analyze experimental data mathematically and graphically 

(F) Develop the ability to draw valid conclusions from observations and data. 

Orientation 

V (A) Develop an awareness of the function and limitation of physical laws. 

(B) Develop an awareness of the relationship between experimental observation and 
theory. 

(C) Develop an awareness of physics as a creative, open-ended and continuing 
development, both tentative and unfinished. 

Attitude 

VI (A) Develop the attitude that mathematics is a useful, convenient and precise 
language, and that the use of mathematics in physics is a satisfying activity. 

(B) Develop the attitude that physics is an important, relevant and satisfying 
activity. 

(C) Develop a commi trnent to actively searching for a understanding of physical 
phenomena, and for the theories by which they may be explained. 

Additional Objective 

Comprehension of Mathematical Physics 

VII (A) Develop the ability to manipulate, and use, the mathematical language of physics. 
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'l'able 6.1 Perceived emphases, in the teaching activities of the 

first year courses, on the different objectives of the 
first year physics courses. 

I (A) 

I (B) 

I (C) 

II (A) 

II (B) 

II (C) 

III (A) 

III (B) 

III (C) 

IV (A) 

IV (B) 

IV (C) 

IV (D) 

IV (E) 

IV (F) 

V (A) 

V (B) 

V (C) 

VI (A) 

VI (B) 

VI (C) 

VII (A ) 

--

(double cross denotes major emphasis on a particular 
objective.) 

73.101 ►I ◄ 73.102 ~ -

Lectures Evaluation Tutorials Laboratory 
Sessions Work 

xx X X X 

XX X X X 

xx X X X X 

X xx xx X 

X xx xx X 

X xx xx X 

xx X 

X xx 
xx X X 

xx 
xx 
xx 

xx 
X xx 
X xx 

xx X X 

X X xx 
XX X xx -

X XX xx 
xx xx 

X X xx 

xx X X X 
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Table 6.2 Possible variations in instructional models* 

Time and 
Achievement 

1. Time units fixed, 
achievement varies 
among students 

2. Achievement units 
fixed, time required 
to achieve varies 
among students 

Nature of Objectives 

1. All objectives 
apply to all students 

2. Some objectives 
apply to all students, 
others only apply to 
some students. 

3. Some objectives 
apply to some 
students , others to 
other students. 

* Adapted from Mueller (1973) 

Basis for 
Di£ ferentiation 

1. Normative 
referenced level of 
achievement 

2. Criteria 
referenced level of 
achievement 

Nature of Curve 

1. Normal curve 
assumed. 

2. Normal curve 
required. 

3. Normal curve 
neither assumed nor 
required. 

Amount of 
Differentiation 

1. Maximum 
including failure 

2. Slight (e.g. P-F; 
or A through C) 

Specificity of 
Instructional 

Objective 

1. Very specific 
objectives with 
behavioural referents 

2. General objectives 
with no preidentified 
behavioural referents 

3. Vague or no 
instructional objective 

N 
I-' 
w 
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Table 7.l Student percentage response concerning the textbook in 

1970 and 1971. 

Percentage Response 

October October 
1970 1971 

(N a:: 70) (N = 80) 

Do you consider the text Alonso & Finn* 

A. Very difficult 13 4 
B. Difficult 57 19 

C. Of a reasonable standard 32 74 
D. Easy 0 3 

Bow would you describe the text 

A. Very interesting and helpful 8 4 

B. Informative and interesting 38 47 

C. :Informative but dull 46 44 

D. Boring 8 8 

*Fundamental University Physics in 1970, Physics in 1971 

(Alonso & Finn, 1967 and Alonso & Finn, 1970 respectively) 
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Table 7.2 (a) Student percentage response concerning the text as 

lecture notes in 1970. 

Do you consider the idea of using the text 
as lecture notes 

A. A good idea because you cannot 
concentrate on lectures while taking 
notes. 

B. A poor idea because you learn best by 
copying 

C. A poor idea because you find you do not 
concentrate in lectures 

D. A poor idea because you do not find the 
text particularly easy to follow 

Percentage 
June 
1970 

(N = 80) 

68 

12 

9 

11 

Response 
October 

1970 

(N = 70) 

45 

7 

18 

28 

Table 7.2 (b) Student percentage response concerning lecture notes 

1971 and 1972. 

Do you consider the idea of writing 
lecture notes 

A. A poor idea because you cannot 
concentrate on lectures while taking 
notes. 

B. A good idea because you learn best by 
copying out notes 

C. A good idea because you find it helps 
you concentrate on lectures 

D. A good idea because you do not find the 
textbook particularly easy to follow 

E.*A good idea as it gives an alternative 
reference system 

* 1972 only 

Percentage 

October** 
1971 

(N = 80) 

18 

18 

44 

17 

-

Response 

October 
1972 

(N = 85) 

8 

17 

21 

5 

48 

** June responses were almost identical to October responses in 
both years. 



Table 7.3 Student percentage response concerning the use of the 

textbook in the examination room 1970, 1971 and 1972. 

Percentage Response 

October October October 
19_70 1971 1972 

(N = 70) (N = 80) (N = 85) 

Do you consider the idea of using 
your text in the examination room 

A. No advantage because you have 
to learn the work anyway 4 1 7 

B. An advantage because you do not 
have to lean1 the details of 
formula 68 76 68 

c. A doubtful privilege 29 23 24 

Table 7. 4 Student percentage response concen1ing the frequency of 

tutorials 1970 1971 and 1972. , 
Percentage Response 

October October October 
1970 1971 1972 

(N = 70) (N = 80) (N = 85) 

Do you consider tutorials should be 
held 
A. More frequently 42 6 12 

B. As at present 44 87 76 

c. Less frequently 4 4 10 

D. Only in t.-ie third term 7 3 1 

(Note: In 1970 one tutorial a fortnight was held. 

In 1971 - 1972 one tutorial a week was held.) 
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~ab.le 7.5 Changes in responses to an experiment from 1971 to 1972. 

(a) What ti-me did you spend on the 
experiment in post laboratory 
study 

A. 0 - .1 hour 

B. .1 - 3 hours 

c. 3 - 6 hours 

D. 6 -.12 hours 

.E. ->.12 hours 

(b) How int,ere.:.-ting did you find the 
experillleilt 

A. Extrene.ly interesting 

.B. '\e:r_y .inte:resting 
c. :blte:resting 

D. Avexage 

E. Du1l. 

F4 Bori.ng 

l!lean Scale Value 

Olange in mean* 

(c) Bow infu::anati ve did you find the 
experi.Jrent 

A4 Very .in£onnative 
.B • h:fo::rmati ve 

C. Lea:c:nt .little new 
D. ::I.ea=t .nothing new 

E. iWaste of tiIDe 

Mean Scale Value 

Change in mean* 

Assigned Percentage Response 

Scale 
Value 

(5) 

(4) 

(3) 

(2) 
(1) 

(OJ 

(5) 

(4) 

(3) 
(2) 

(1) 

1971 1972 
(N = 80) (N = 85) 

0 

0 

19 

25 

56 

0 

28 

33 

16 
22 

0 

2.7 

20 

75 

5 

0 

0 

4.1 

+o.5 

-0.4 

3 

10 

14 

38 
20 

13 

29 

25 

29 

3 

0 

3.2 

10 
64 

26 

0 

0 

3.8 

• FDr .both {b) and (c) the change in mean value for an unaltered 

expe%lllellt from 1971 to 1972 (Expt 5) was -0.2. and the above 

changes a%e statistically significant p < 0.05. 
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Table 7.6 Bipolar adjectives used to study attitudes towards 

experinents (7 point scale) 

Enjoyable 

Relevant 

Complicated 

Clear instructions 

Unsatisfying 

Important 

Easy to write up 

Open ended investigation 

Unpleasant 

Worthless 

Lab work difficult 

Approximate results 

Interesting 

Useless 

Many calculations 

Adequate theory 

Exciting 

Uninformative 

Short 

Theoretical 

Mathematical 

Complex theory 

Awful 

Familiar theory 

Unenjoyable 

Irrelevant 

Straightforward 

Vague instructions 

Satisfying 

Unimportant 

Difficult to write up 

Closed investigation 

Pleasant 

- _ Valuable 

Lab work easy 

Precise results 

Uninteresting 

Useful 

Few calculations 

Inadequate theory 

Dull 

Informative 

Long 

Technological 

Non mathematical 

Straightforward theory 

Nice 

Unfamiliar theory 

Varied - Monotonous 

Adequate apparatus Inadequate apparatus 

The first adjective of each pair was the one given a high 

ranking for analysis purposes. 
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Table 7.7 Principal components analyses of semantic differential scales in 1973 (N = 265) and in 
1974 (N = 240) with loadings ~o.s shown. 

I II 

1973 1974 1973 1974 

Enjoyable 0. 8 0.8 

Pleasant 0.7 0. 8 

Nice 0. 8 0.8 

Exciting 0.8 0. 9 

Varied 0.8 0.7 

Interesting 0.7 0.8 

Satisfying 0.6 0.7 

Informative 0.5 0.6 0.5 

Relevant 0.8 0.8 

Important 0.8 0.8 

Valuable 0.7 0.8 

Useful 0.7 a.a 
Adequate Theory 0.5 

Straightforward 

Lab work easy 

Clear Instructions 

Straightfwd Theory 

Write up easy 
Few Calculations 

llon Mathematical 

Technological 

Short 

Precise 

Familiar 

Adequate 

Open 

III IV 

1973 1974 19 73 1974 

0.5 0.5 

0.7 a.a 
0.7 0.7 

0.5 0.5 

0.6 0.7 

0.5 0.7 

0.7 a.a 
0.8 a.a 
0.6 0.5 

0.5 

0.5 0.5 

-0.6 

h2 

1973 

0. 71 

0.68 

0.72 

0. 71 

0. 71 

0.70 

0.62 

0,52 

0.65 

0.72 

a.so 
0.64 

0.49 

0.57 

0.61 

0.42 

0.56 

0.53 

0.58 

0.66 

0.44 

0.38 

o. 31 

0.30 

0.24 

0. 411 

1974 

0.78 

0. 76 

0.74 

0.80 

0.55 

0.70 

0.63 

0.40 

0.66 

0.65 

0.64 

0.68 

0.30 

0.60 

0.60 

0.41 

0.58 

0,55 

0.61 

0.73 

0.29 

0.38 

0.28 

0.30 

0.30 

0.14 

J 

Enjoyment 

Value 

Laboratory 
Difficulty 

Analysis 
Complexity 

Low 
Communality 
Bipolar 
Adjectives N 

N 
u, 



Unenjoyable 

Unpleasant 

t<t:Awful 

**Dull 

***Monotonous 

Uninteresting 

*Unsatisfying 

Uninformative 

Irrelevant 

Unimportant 

Worthless 

Useless 

Inadequate theory 

Complicated 

Ut'l,ab work difficult 

Vague instructions 

"'Complex theory 

''Difficult to write up 

**•"Many calculations 

*•"'"Mathematical 

,hHffheoretical 

Long 

Approximate results 

Unfamiliar theory 

Inadequate apparatus 

Closed experiment 
2 3 5 

Pleasant 

Nice 

Exciting 

Varied 

Interesting 

Satisfying 

Informative 

Relevant 

Important 

Valuable 

Useful 

Adequate theory 

Straight for-,..ard 
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La.b work easy 

Clear instructions 

Straightfwd theory 

Write up easy 

Few calculations 

Non mathematical 

Technological 

Short 

Precise results 

Familiar theory 

Adequate theory 

6 Open-ended experime:,t 

** Significant at the 0.01 level (anal~sed between 
* Significant at the 0.05 level} 

*** Significant at the 0.001 level experiment 1 & 2 only) 

Fig 7.7 Experiment 1, 2 and 4 mean score profiles in 1973 (N = 53) 
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1974 
(-0.3) 

3 4 5 

Pleasant 

Nice 

Exciting 

·varied 

Interesting 

Satisfying 

Informative 

Relevant 

Important 

Valuable 

Useful 

Adequate theory 

Straight forward 

Lab work easy 
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Clear instructions 

Straightfwd theory 

Write up easy 

Few calculations 

Non mathematical 

Technological 

Short 

Precise results 

Familiar theory 

Adequate theory 

6 Open-ended experiment 

Fig 7.8 Experiment 2 profile in 1973 (N = 53) and in 1974 (N = 80) 
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Table 8.1 Principal components analysis of attitudes to Physics of 

seventh form,and first year university, physics students 

(N = 658), with factor loadings ~0.5 shown. 

Objective/ Factor I Factor II Factor III Factor IV l00h 2 

Question 

V(C) 3 0.5 28 
8 (0. 2) 19 

13 (0. 3) 26 
18 (0. 4) 34 
22 0.5 27 
26 0.6 44 
30 (0.4) 27 
33 0.6 42 

(35] 0.5 (0. 0) 27 

VI (A) [ 2) 11 
5 0.7 53 
7 0.7 52 

11 0.7 58 
16 0.7 55 
19 0.7 53 
24 0.5 29 
27 0.6 45 
31 0.7 61 

VI (B) 4 0.7 54 
9 0.7 44 

12 0.7 57 
15 0.7 52 
20 0.6 42 
23 0.6 47 
28 0.7 62 
34 0.6 34 

[36] 0.7 46 

VI (C) ( 1] (0.3) (0 .1) 11 
6 0.5 (0. 4) 42 

10 (0. 3) 0.7 52 
14 (0.2) 0.5 27 
17 0.6 (-0.2) 39 
21 (0.4) 0.5 43 
25 0.6 (0. 2) 45 
29 {0.2) o.s 32 
32 0.5 (0 .2) 29 
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Table 8.2 Principal components analyses of (A) end of year seventh 

form attitudes, N = 193 (1974); (B) beginning of university 

year attitudes, N = 101 (1973); (C) end of year university 

attitudes, N = 78 (1974), with factor loadings ~0.5 shown. 

Objective/ Factor I Factor II Factor III Factor IV 

Question A B C A B C A B C A B C 
I 

V(C) 3 0.6 0.5 0.6 
8 0.5 0.5 

13 
18 -0.5 0.5 0.5 
22 0.7 
26 0.6 0.7 0.7 
30 0.6 
33 0.5 0.6 

[35] 0.5 -0.5 

VI(A) [ 2] 
5 0.7 0.7 0.8 
7 0.6 0.7 0.7 

11 0.7 0.8 0.7 
16 0.7 0.6 0.7 
19 0.7 0.7 0.7 
24 0.7 0.6 
27 0.7 0.5 0.5 
31 0.8 a.a 0.8 

vi(B) 4 0.7 0.6 0.7 
9 0.7 0.7 0.7 

12 0.7 0.6 0.7 
15 0.5 0.8 0.8 0.5 
20 0.6 0.5 0.6 
23 0.7 0.7 0.6 
28 0.7 0.7 o.a 
34 0.6 0.8 

[36] 0.5 0.8 0.8 

vi(C) [ l] 0.5 0.5 0.5 
6 0.7 0.5 

10 0.5 o.6 0.7 
14 0.5 
17 0.5 0.6 0.5 
21 0.5 0.6 0.6 
25 0.7 0.5 0.6 
29 0.5 
32 0.6 0.5 



Table 8.3 Principal components analyses of objective scores - output 1973 (N = 92) and 1974 (N ~ 74) 

with factor loadings )0.5 shown. 

Question 
Factor Percentage Percentage 

100h2 
Objective Standard 

Type I II III IV Mean Deviation 
1973 1974 1973 1974 1973 1974 1973 1974 1973 1974 1973 1974 1973 1974 

I(B) M.C. 0.5 0.5 0.5 55 56 26 34 37 44 
I (C) M.C. 0.5 0.7 43 50 25 26 42 59 

II(C) M.C. 0.6 0.7 32 41 21 21 49 54 
III (A) M.C. (0. 3) 0.7 0.5 26 26 22 23 34 48 
III(B) M.C. 0.6 0.1 50 49 26 24 48 59 
III (C) M.C. 0.1 (0. 3) 0.5 51 54 24 20 53 34 

I(A) M.C. 0.5 0.1 66 74 25 21 42 61 
II(A) M.C. 0.6 0.6 62 56 28 30 56 61 
II (B) M.C. 0.6 0.5 0.5 0.6 46 52 26 29 70 66 
IV(E) M,C. o.s 0.5 o.s 57 59 28 30 52 55 
VI (A) Likert 0.1 0.1 71 70 14 14 58 57 

VII (A) M.C, 0.9 0.6 68 62 27 27 75 53 

IV(A) S.Q. 0.7 0,6 48 45 20 21 61 54 
IV(B) S,Q. 0,5 0,7 48 41 26 24 55 64 
IV(C) S.Q. 0,7 0.7 47 48 16 17 46 56 
IV(D) S.Q. 0.6 0.6 65 69 16 21 36 40 
IV(F) S.Q. 0.7 0.7 39 39 22 18 54 58 

V(A/B} S,Q./M.C. 0.6 (0. 3) 63 52 18 17 46 20 

V(C) Like rt 0.7 0.6 75 81 9 8 62 so 
VI (B) Likert 0.9 0,8 65 69 13 13 74 71 
VI(C) Likert 0.9 0.9 65 67 11 12 74 81 N 

w 
~ 



Table 8.4 Principal components analyses of objective scores - input 1973 (N = 101) and 1974 (N • 87) 

factor loadings ~0.5 shown. 

Factor Percentage 
100h2 Question Percentage Standard 

Objective Type I II III IV Mean Deviation 
--

1973 1974 1973 1974 1973 1974 1973 1974 1973 1974 1973 1974 1973 1974 

I(B)/ (C) M,C, 0,6 o.s 4l 41 25 27 61 28 
I(B) M,C, o.s o.e 45 54 28 25 44 67 
! (C) M,C, (O, 4) (0.2) 0.5 38 54 23 28 56 42 

!!I (A) M.C, (0. 3) 0,5 o.s 35 41 25 30 46 45 
!U(B) M,C, (0, 4) 0,6 27 32 25 27 33 42 
!II(C) M,C, 0,5 (0.2) 0.7 43 50 25 27 39 48 

IV(E) * M,C, o.s 0,7 37 54 28 31 36 48 
V(A/B)* M,C, 0,6 0.6 49 58 25 18 so 44 

VI(A)* Likert (0.4) 0,6 73 73 13 13 47 60 

II (A) M.C. 0,5 0.7 (0. 2) 48 50 30 28 45 43 
II (B) M.C. 0,6 0.6 35 33 27 25 47 55 
II (C) * M,C, 0.5 0,6 28 33 25 26 27 42 

IV(A) (i) S.Q. 0.7 0.7 35 45 25 21 54 55 
IV(A) (ii) S,Q. 0,7 0.8 49 48 31 23 68 75 
IV(B) S.Q. 0.7 0.6 39 51 29 29 67 55 
IV(C) M.C. 0.6 (0. 0) 0,6 33 41 23 25 36 52 
IV(F) S,Q, 0,8 0,6 45 50 32 29 71 41 

V(C) Likert 0.7 0.6 79 81 8 8 51 47 
VI (B) Likert 0.9 0,8 72 74 12 11 82 67 
VI (C) Likert 0.9 a.a 70 72 11 10 75 72 

* Loading on a different factor from output tests Iv 
w 
Iv 



Table 8.5 Principal components analysis of objective scores 
- 7 form output tests - October 1974 (N = 213) with 
factor loadings ~0.5 shown. 

Question Factor Percentage Percentage 
Objective Standard Type I II III Mean Deviation 

I(B/C) M.C. 0.6 46 24 

I (B) M.C. 0.5 49 28 

I (C) M.C. 0.5 52 28 

III (A) M.C. 0.5 31 26 

III (B) M.C. 0.5 32 26 

III (C) M.C. 0.5 49 25 

IV(E) M.C. 0.6 54 34 

V(A/B) M.C. 0.5 52 22 

VI (A) Likert (0. 3) 0.5 68 15 

II (A) M.C. 0.6 48 28 

II(B) M.C. 0.7 39 26 

II (C) M.C. 0.6 33 25 

IV(A) (i) s.Q. 0.8 51 20 

IV(A) (ii) S.Q. 0.8 52 22 

IV(B) S.Q. 0.7 42 28 

IV(C) M.C. 0. 4) 38 26 

IV(F) . s .Q. 0.6 45 32 

V(C) Likert 0.7 77 9 

VI(B) Likert 0.9 65 15 

VI(C) Likert 0.9 64 13 
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100h 2 

37 

41 

34 

35 

37 

25 

42 

25 

32 

41 

43 

33 

70 

70 

59 

16 

44 

44 

73 

71 
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7able 9.1 Means of Attitude Scores in 1973 ¢'1=92) and in 1974 (N=78) 

1973 1974 
Attitude Diff Diff 

Objective Question Input Output (Out-In) Input Output (Out-In) 

vc 3 4.14 3.74 -0.40 3.97 3. 98 +0.01 
8 3.53 3.83 +0.30 3.98 4.10 +0.12 

13 3.96 3.95 -0.01 4.10 3.88 -0.22 
18 4.49 4.39 -0.10 4.50 4.43 -0.07 
22 3.93 3.88 -0.05 3.97 3. 89 -0.08 
26 4.41 4.35 -0.06 4.41 4.51 +0.10 
30 3.38 3.39 +0.01 3.47 3.40 -0.07 
33 3.83 3.78 -0.05 3.91 4.00 +0.09 

vc subtotal 31.68 31.33 -0.35 32.33 32.22 -0.11 

VIA 5 3.25 3.17 -0.08 3. 30 3.16 -0.14 
7 3.61 3.48 -0.13 3.57 3.42 -0.15 

11 3.84 3.46 -0.38 3. 72 3.25 -0.47 
16 3 .97 3.75 -0.22 4.03 3. 72 -0.31 
19 3.49 3.34 -0.15 3.53 3.50 -0.03 
24 3.64 3.75 +0.11 3.57 3.64 +0.07 
27 4.19 3.96 -0.23 4.03 3.91 -0.12 
31 3.75 3.41 -0.34 3.55 3.37 -0.18 

WA Subtotal 29.75 28.35 -1.40 29.33 27.99 -1.34 

VB 4 3.51 3.27 -0.24 3.62 3.38 -0.24 
9 3.28 2.96 -0.32 3.47 3.15 -0.32 

12 3.29 2.78 -0.51* 3.47 2.91 -0.56* 
15 4.04 3.73 -0.31 4.29 3.86 -0.43 
20 3.44 3.25 -0.19 3.52 3.57 +0.05 
23 4.03 3. 77 -0.26 4.11 3.66 -0.45 
28 3.56 3.06 -0.50* 3.70 3.25 -0.45* 
34 3.83 3.36 -0.47* 3.85 3.29 -0.56* 

ViIB Subtotal 29.00 26.21 -2.79* 30. 06 27.10 -2.96* 

VIC 6 2.83 2.52 -0.31 3.14 2.86 -0.28 
10 3.85 3.98 +0.13 4.04 3.94 -0.10 
14 4.21 4.02 -0.19 4.22 3.95 -0.27 
17 3.52 3.18 -0.34 3.61 3.24 -0.37 
21 3.87 3.85 -0.02 4.06 3.96 -0.10 
25 2.51 2.20 -0.31 2.60 2.28 -0. 32 
29 3.38 3.54 +0.16 3.60 3.46 -0.14 
32 3.97 3.24 -0.73* 3.83 3.03 -0.80* 

VE Subtotal 28.15 26.55 -1.60 29 .11 26.73 -2. 38* 

* Significant difference (p < 0.01) 



Table 9.2 Explicit attitude change to physics as a subject* 

Percentage Responses 

1972 (N = 81) 1973 (N = 91) 1974 (N = 

Much more positive 3 8 5 

More positive 49 38 44 
Remained the same 30 38 35 

More negative 16 14 13 

Much more negative 1 2 2 

* See Appendix L.6, Part C, Question 1. 

Table 9.3 Attitude objective mean scores for input-output 1974 

compared with an October 1974 sample in schools. 

Attitude Mean Scores 
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78) 

Input Scores Output Scores Av 7 form Scores 
Objective March 1974 (N=78) October 1974 October 1974 

(Excludes 9 dropouts) (N = 78) (N = 214) 

V(C) 32.3 32.2 30. a 
VI (A) 29.3 28.0 27.l 

VI (B) 30.l 27.l 25.9 

VI(C) 29.1 26.7 25.4 



Table 9.4 Correlation of student's stated attitude change with 

measured attitude change using Likert scales. 

Stated Attitude Change 

1973 1974 
(N = 92) (N = 78) 

{ 

V(C) 0.19 -0.04 

Measured Attitude VI(Al 0.06 0.01 
Change for Each VI (B) 0.32* 0.46* 
Objective VI(C) 0.39 0.19 

* Significant correlations at p < 0.01 level. 
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Table 9.5 Measured output attitude and student intention for the 

following year in 1973 (N = 92) and 1974 (1~ = 78). 

Percentage of Attitude Mean Scores 
Students in 

Each Group V(Cl VI (A) VI (Bl VI (Cl 

1973 1974 1973 1974 1973 1974 1973 1974 1973 1974 

More Physics 38 32 31.4 33.1 29.1 28. 7 27.2 29.9 28.0 29.6 

Specialists 23 35 33.2 32.0 30.1 29.4 28.l 27.6 26.2 26.1 

No More 39 33 30.0 31.5 26.3 25.8 24.0 23.8 25.2 24.5 Physics 



Table 9.6 Retention rates (of students who had a 7 form year) 

from first year physics to physics majors. 

Percentage of those enrolled in the 

course at the end of the first year 

Waikato 1973 Waikato 1974 National Av* 

Actually enrolled in 
the next year for 
sufficient physics 15% 22% 10% 
courses to major in 
physics 

Actually enrolled in 
their final year in 14% 14% 5% 
physics 

* Assessed from University statistics 1971-1974. 
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Table 9.7 Grouping of course objectives as determined 

experimentally from statistical analyses of 

output results (Table 8.3) 

A. Understandinqs of Theoretical Physics 

(i) Develop the ability to interpret information, 
particular~~ to interpret mathematical and 
graphical descriptions. 

(ii) Obtain an understanding of the facts, princ­
iples and theories of physics (as specified 
in the courses). 

(iii) Develop an appreciation of some of the major 
themes and unifying concepts of physics 
(including the relationship between funda­
irental and derived laws). 

(iv) Develop a critical attitude towards, and an 
ability to analyze, idealizations, approx­
imations and assumptions in physical treories. 

(v) Develop the ability to critically analyze 
problem situations and evaluate information. 

(Vi) Develop the ability to apply theory to 
relatively unfamiliar problem situations. 

B. Skills of Applied Physics 

(i) ,Develop the ability to extract information 
(from scientific literature). 

(ii) Develop the ability to manipulate and use the 
111athematical language of physics. 

(iii) Develop the ability to apply theoretical 
results to relatively familiar situations. 

(iv) Develop the ability to apply theory, and 
mathematically analyze,problem situations. 

(v) Develop the ability to analyze experimental 
data mathematically and graphically. 

(vi) Develop the attitude that mathematics is a 
useful, convenient and precise language, and 
that the use of mathematics in physics is a 
satisfying activity. 

C. Skills of Experimental Physics 

(i) Develop the ability to propose tentative ideas 
and working hypotheses, and make logical and 
testable predictions. 

(ii) Develop the ability to translate problems 
into experimental operations. 

(iii) Develop the ability to make useful and 
reliable observations. 

(iv) Develop the ability to keep ad:quately detailed 
and organized records of experimental work and 
to be able to extract information from these. 

(v) Develop the ability to draw valid conclusions 
from observations and data. 

(vi) Develop an awareness of the function and 
limitation of physical laws, and the relation­
ship between experimental observation and 
theory. • • 

D. Appreciation of Physics 

(i) Develop an awareness of physics as a creative 
open ended and continuing development, both 
tentative and unfinished. 

(ii) Develop the attitude that physics is an 
important, relevant and satisfying activity. 

(iii) Develop a commitment to actively searching 
for an understanding of physical phenomena 
and for th.eories by which they may be 
explained. 

• Refer section 5.4 

Subjective 
Objective Assessment 

Number Category 

I (B) Pl* 

I (C) Pl 

III (C) 

III (B) 

III (A) 

II (C) 

I (A) 

VII (A) 

II (A) 

II (Bl 

IV(E) 

VI (A) 

IV(A) 

IV(B) 

IV(C) 

IV(D) 

IV(F) 

V(C) 

VI (B) 

VI (C) 

Pl 

Pl 

Pl 

P2 

P2 

P2 

P4 

P4 

P4 

PS 

PS 

P6 

P6 

P6 

238 

Course in which 
Objective 
Emphasized 

101/102 

101/102 

101 

102 

101 

101 

101/102 

101 

101 

101 

102 

101/102 

102 

102 

102 

102 

102 

101/102 

101/102 

102 

102 
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Table 10.l Correlations of Bursary Physics total mark with output 

results (excluding dropouts) in 1973 (N = 92) and in 

1974 (N = 74). 

(i) 

(ii) 

(iii) 

(iv) 

(v) 

Final theoretical paper 

Final total theoretical course mark 

Final experimental paper 

Final total experimental course mar~ 

University Grand Physics Total* 

* (v) = (ii)+ (iv) 

Bursary Physics Total 

1973 1974 

0.78 o. 77 

0.83 0.80 

0.78 0.80 

0.77 0.78 

0.82 0.82 



Table 10.2 Input variables. 

Variable 

Background abilities 

1. Spatial aptitude 

2. Abstract reasoning aptitude 

3. Mathematical ability 

4. Literary ability 

5. Prior physics achievement 

Measure 

Spatial relations test 

Abstract reasoning test 

Symbol 

School certificate mathematics SCMATH 

School certificate english • SCENG 

Bursary physics total BPHS 

240 

6. Prior mathematical achievement Bursary mathematics total BMAT 

Background factors 

1. Academic industry 

2. Stability 

Teacher's assessment 
}MOTIV 

Teacher's assessment 

3. Aim 73 .101 

4. Aim 73.102 

Questionnaire (Appendix K) 
}INAIM 

Questionnaire (Appendix K) 

5. Parent education Questionnaire (Appendix K) PARENT 

6. Sex Female 1/Male 0 SEX 

Phtsics inEut attainment 

1. Input theoretical factor Input test subtotal INPUT THEORETICAL 

2. Input applied factor Input test subtotal INPUT APPLIED 

3. Input experimental factor Input test subtotal INPUT EXPERIMENTAL 

4. Input attitudinal factor Input test subtotal INPUT ATTITUDlliAL 

5. Bursary free format total Examination subtotal BURSARY FREE FORMAT 

6. Bursary multiple choice total Examination subtotal BURSARY M.C. 

Phisics content achievement (objectives I - III) 

1. Input test mechanics score Input test subtotal INPUT MECHANICS 

2. Input test fields total Input test subtotal INPUT FIELDS 

3. Input test waves total Input test subtotal INPUT WAVES 

4. Bursary mechanics total Examination subtotal BURSARY MECHANICS 

5. Bursary fields total Examination subtotal BURSARY FIELDS 

6. Bursary waves total Examination subtotal BURSARY WAVES 
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Fig 10.1 Hypothetical example where Z6 is dependent on Z1 to Z5 

Table 10.3 Comparison of beta wei hts and re ression factor structure 
coe icients. 

Variable 

Multiple 

* 
** 

I Regression 
Normalized Factor Structure 

Beta Weights Coefficients 

1973 1974 1973 1974 
(N=9 2) (N=74) Variable (N=9 2) (N=74) 

1 0.26* 0.09 1 0.73** 0.70** 

2 0.08 0.16 2 0.27 0. 53* * 

3 0.23 0.03 3 0.63** 0.50** 

4 -0.02 0.05 4 -0.04 -0.01 

5 -0.03 -0.08 5 o.os -0.20 

6 0.36* 0.50* 6 0.88** 0.90** 

7 0.11 0.15* 7 0.47** 0.44** 

R 0.74 0.73 !Multiple R 0.74 0.73 

Significant Beta weights in the regression 

Significant simple correlations between variable and criterion 



input 
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T 

Transfer 
matrix ~ 

output 
vector y 

Fig 10.2(a) Simple input-output model (Type I) 
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Fig 10.2(b) Type I path diagram 
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x, ys 

X1 

T yr, 

X2 

x .. Y1 

Fig 10. 3 (a) Multiple s.tage model (Type II) 

Ys 

X 1 

Fig 10.3(b) Type II path diagram 
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Table 11.1 Estimates of the coefficients of reliability for input 

and output totals using the Spearman-Brown formula. 

INPlJT: 

THEORETICAL o. 77 

APPLIED o. 70 

EXPERIMENTAL 0.84 

ATTITUDINAL 0.85 

OUTPUT: 

THEORETICAL 0.75 

APPLIED 0. 80 

EXPERIMENTAL 0.81 

ATTITUDINAL 0. 86 



Fig 11.1 

INPUT 
APPLIED 

INPUT 
ATTITUDINAL 

Model 1 

0.49 

0.21 

0.67 

OUTPUT 
APPLIED 

OUTPUT 
XPERIMENT 

OUTPUT 
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TTITUDINAL R 

.74R ~ a 
C J 

R~ y 32 0. 32 

0~ 

0.21~ 

~ 
0.25 



Table 11.2 Model 1 correlation matrix: correlation coefficients from observed data below diagonal, 
correlation coefficients corresponding to Model 1 above diagonal assuming uncorrelated 
residuals. 

INPUT INPUT INPUT INPUT OUTPUT OUTPUT OUTPUT OUTPUT 
THEORETICAL APPLIED EXPERIMENTAL ATTITUDINAL THEORETICAL APPLIED EXPERIMENTAL ATTITUDINAL 

INPUT 
THEORETICAL 1.00 0.51 0.49 0.25 0.63 0.62 0.61 0.17 
INPUT 
APPLIED 0.51 1.00 0.38 0.20 0.53 0.46 0.34 0.13 -- -- -- --
INPUT 
EXPERIMENTAL 0.49 0.38 1.00 0.28 0.35 0.33 0.46 0.19 --
INPUT 
ATTITUDINAL 0.25 0.20 0.28 1.00 0.18 0,17 0.19 0,67 
OUTPUT 
THEORETICAL 0.63 0.53 0.40 0,24 1.00 0,43 0.40 0.12 -= = ===-
OUTPUT 
APPLIED 0,62 0.46 0.27 0.20 0.61 1.00 0,39 0,11 
OUTPUT 
EXPERIMENTAL 0.61 0. 39 0.46 0.12 0.58 0.58 1.00 ~ 
OUTPUT 
ATTITUDINAL 0.21 0.16 0.15 0.67 0.26 0.23 0.27 1.00 

Table 11,3 Regression factor structure coefficients associated with Model l (N = 165) 

Regression Factor Structure Coefficients Multiple 

INPUT INPUT INPUT INPUT R 
THEORETICAL APPLIED E XPERI.MENTAL ATTITUDINAL 

OUTPUT 
THEORETICAL 0,93 0.78 0.59 0.35 0.68 

OUTPUT 
APPLIED 0.95 o. 71 0.42 0.31 0,65 

OUTPUT 
EXPERIMENTAL 0.95 0.61 o. 72 0.19 0,64 

OUTPUT 
ATTITUDINAL 0.31 0.24 0.22 1.00 0.67 

PHYSICS 
GRAND TOTAL 0.94 0.68 0.60 0.25 0.76 



0. 72 

BURSARY 
PHYSICS 

BURSARY 
MATHEMATICS 

Fig 11.2 Model 2 

OUTPUT 
HEORETICAL 

OUTPUT 
APPLIED 

OUTPUT 
XPERH1ENTAL 

OUTPUT 
TTITUDINAL 

0.15 

*This negative but not statistically significant path 
coefficient (-0.13) is of interest as Fig 12.4 (model 8) 
reveals the same kind of relationship between physics, 
mathematics and attitudes. 
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Table 11.4 Model 2 correlation matrix: correlation coefficients from observed 
data below diagonal, correlation coefficients corresponding to 
Model 2 above diagonals a~suming uncorrelated residuals. 

BURSARY BURSARY OUTPUT OUTPUT OUTPUT OUTPUT 
PHYSICS MATHEMATICS THEORETICAL APPLIED EXPERIMENTAL ATTITUDINAL 

BURSARY 
PHYSICS 1.00 0. 72 0.65 0.66 o. 70 0.24 

BURSARY 
MA'l'HE.MATICS 0. 72 1.00 0.47 o. 71 a.so 0 .17 -- --
OUTPUT 
THEORETICAL 0.65 0.47 1.00 0 .4 3 0.45 0,16 =-== = 
OUTPUT 
APPLIED 0.66 0. 71 0.61 1.00 0.46 0.16 == = 
OUTPUT 
EXPERIMENTAL 0. 70 0.55 0.58 0.58 1.00 0.17 = 
OUTPUT 
ATTITUDINAL 0.24 0.11 0.26 0.23 0.27 1.00 

Table 11.5 Regression factor structure coefficients associated with Model 2 
(N = 159) . 

Regression Factor 
Structure Coefficients Multiple 

B URSJ\RY BURSARY R 
PHYSICS MATHEMATICS 

OUTPUT 
THEORETICAL 0.99 0.72 0.65 

OUTPUT 
APPLIED 0. 89 0.96 0. 74 

OUTPUT 
:E:XPERIMENTAL 0.99 0.79 0.70 

OUTPUT 
ATTITUDINAL 0.92 0.42 0.26 

PHYSICS 
GRAND TOTAL 0.98 0.86 0.84 



0.51 

INPUT 
MECHANICS 

INPUT 
FIELDS 

INPUT 
WAVES 

Fig 11.3 Model 3. 

0.26 

0. 35 

OUTPUT 
MECHANICS 

OUTPUT 
FIELDS 

OUTPU'l' 
WAVES 
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Ra 

RbJ 

c~Q-29 
0.28 
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Table 11.6 Model 3 Correlation matrix: correlation coefficients 
from observed data below diagonal, correlation 
coefficients corresponding to Model 3 above diagonal 
assuming uncorrelated residuals. 

INPUT INPUT INPUT OUTPUT OUTPUT OUTPUT 
MECHANICf FIELDS WAVES MECHANICS FIELDS WAVES 

INPUT 
MECHANICS 1.00 0.41 0.51 0.44 0.50 0.38 

INPU'r 
FIELDS o. 41 1.00 0.49 0.42 0.48 0.46 

INPUT 
WAVES 0.51 0.49 1.00 0.42 0.56 0.52 

OUTPU'l' 
MECHANICS 0.44 0.42 0.42 1.00 0.34 0.31 = 
OUTPUT 
FIELDS 0.50 0.48 0.56 0.53 1.00 0. 36 = 
OUTPUT 
WAVES 0.38 0.46 0.52 0.54 0.54 1.00 

Table 11.7 Regression factor structure coefficients associated with 
Model 3 (N = 165). 

Regression Factor 
Structure Coefficients Multiple 

INPUT INPUT INPUT R 
MECHANICS FIELDS WAVES 

OUTPUT 
MECHANICS 0.83 o. 79 0. 79 0.53 

OUTPUT 
FIELDS 0.78 0.75 0.88 0.64 

OUTPUT 
WAVES 0.67 0.81 0.91 0.57 

PHYSICS 
GRAND TOTAL 0.76 0.78 0.88 0.73 



0.54 

BURSARY 
• MECHANICS 

0.61 

BURSARY 
FIELDS 

BURSARY 
WAVES 

Fig 11.4 Model 4. 

0.32 
OUTPUT 

MECHANICS 

OUTPUT 
FIELDS 

OUTPUT 
WAVES 
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Table 11.8 Model 4 Correlation matrix: correlation coefficients 
from observed data below diagonal, correlation 
coefficients corresponding to Model 4 above diagonal 
asswning Wlcorrelated residuals. 

BURSARY BURSARY BURSARY OUTPUT OUTPUT OUTPUT 
MECHANICS FIELDS WAVES MECHANICS FIELDS WAVES 

BURSARY 
MECHfuHCS 1.00 0.61 0.54 0.51 o.53 0.48 
BURSARY 
FIELDS 0.61 1.00 0.58 0.47 0.52 0.54 
BURSARY 
WAVES 0.54 0.58 1.00 0.41 0.51 0.44 
OUTPU'l' 
MECHANICS 0.51 0.47 0.41 1.00 0.34 0.32 = 
OUTPU'l' 
FIELDS 0.53 0.52 0.51 0.53 1.00 0.36 == 
OUTPU'l' 
WlWJ.:;S 0.48 0.54 0.44 0.54 0.54 1.00 

Table 11.9 Regression factor structure coefficients associated with 
Model 4 (N = 159}. 

Regression Factor 
Structure Coefficients Multiple 

BURSARY BURSARY BURSARY R 
MECHANICS FIELDS WAVES 

OUTPUT 
MECHAi.UCS 0.92 0.85 0.75 0.55 
OUTPUT 
FIELDS 0.87 o.85 0.83 0.61 
OUTPUT 
WAV.t:S 0.83 0.93 0. 76 0.58 

PHYSICS 
GRAND TOTAL 0.87 0.85 0.80 0. 82 
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0. 72 

BURSARY 
FREE FORMA'I 

BURSARY 
M.C. 

LONG 
QUESTIONS 

SHORT 
QUESTIONS 

MULTIPLE 
CHOICE 

Fig 11.S Model 5 (*path coefficients not significant at 5% level) 
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Table 11.10 Model 5 Correlation matrix: correlation coefficients 

from observed data below diagonal, correlation 

coefficients corresponding to Model 5 above diagonal 

asswning uncorrelated residuals. 

BURSARY BURSARY OUTPUT OUTPUT OUTPUT 
.FREE FORMAT M.C. LONG SHORT M.C . 

BURSARY 
FREE FORMAT 1.00 0.72 0.67 0.68 0.67 

BURSARY 
M.C. o. 72 1.00 0.60 0.51 0.58 

OUTPUT 
LONG 0.67 0.60 1.00 0.46 0.48 

OUTPUT 
SHORT 0.68 0.51 0.65 1.00 0,46 

OUTPUT 
M.C. 0.67 0.58 0.64 0.61 1.00 

Table 11.11 Regression factor structure coefficients associated 
with Model 5 (N = 159). 

Regression Factor 
Structure Coefficients Multiple 

BURSARY BUH.SARY R 
FRE.t: FORMAT MULTIPLE CHOICE 

OUTPUT 
LONG 0.97 0.87 0.69 

OUTPUT 
SHORT 0.99 0.75 0.68 

OUTPUT 
M.C. 0.99 0.85 0.68 

PHYSICS 
GRAND TOTAL 0.98 0~81 0.84 
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Table 12.1 Lower limit estimates of the coefficients of reliability 

for variables in Chapter 12 estimated from correlation 

between subtotals and by the use of the Spearman-Brown 

formula. 

BURSARY PHYSICS 

BURSARY MATHS 

S.C. ENGLISH 

S .C. MA'fHS 

APTITUDE (APT) 

MOTIVATION (MOTIV) 

PHYSICS GRAND TOTAL (PHYSICS G.T.) 

INPUT AIM (INAIM) 

INDUSTRY (IND) 

0.90 

(0.90) 

(0.75) 

(0.80) 

0.85 

o. 80 

0.95 

0.90 

0.90 

[Brackets indicate a rough estimate only based, in part, 

on a knowledge of the correlations between the variables 

and other variables available.] 



PARENT 

APTITUDE 

SEX 

Fig 12.l(a) Path diagram for background variables 

APTITUDE 

SEX 

BURSARY 
MA'l'HS 

BURSARY 
PHYSICS 

0.76 

BURSARY 
PHYSICS 

0.67 

Rd 
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Non-zero correlation between residuals 

rba = o. 35 rbc 0 .14 

rbe = 0.33 rbd = 0.39 

rde = 0.49 

Fig 12.l(b) Model 6 (N = 159) 



Table 12.2 Model 6 Correlation matrix: correlation coefficients from observed data below diagonal, 

correlation coefficients corresponding to Model 5 above diagonal assuming uncorrelated 

residuals. (N = 159) 

APTITUDE t'Allli.NT SEX s.c. s.c. MOTIV BURSARY !BURSARY 
ENGLISH MATHS PHYSICS MATHS 

APTITUDE 1.00 -0.02 0.02 0.20 0.34 0,10 0. 34 ~ --
PARENT -0.02 1.00 -o .03 0.00 -0.01 0,00 o.oo o.oo -- -- = 
SEX +0.02 -0.03 1.00 0.19 0.01 0.00 o.oo 0.00 -- = = 
s.c. ENGLISH 0.20 -0.02 0.19 1.00 0.07 0.02 0.07 0.04 = = ==- = 
s.c. MATHS 0.34 -0.07 0.04 0.38 1.00 0,30 0,59 0.59 ==== 
MOTIV 0.08 -0.01 0.09 0.15 0. 30 1.00 0,54 0,49 

i3lJHSARY PHYSICS 0.33 o.oo -0.04 0.32 0.63 0.54 1.00 0.47 ====-
BURSARY MATHS 0.23 -0.01 0.10 0.28 0.58 0.49 0.72 1.00 

I\.) 

U1 
--..I 



0.58 

OUTPUT 
THEORETICAL 
0.61 

OUTPUT 
APPLIED 

0.58 

Fig 12.2 Model 7 (N c 165) 

PHYSICS 
G.T. 

R· a 
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Table 12.3 Model 7 Correlation matrix: correlation coefficients 
from observed data below diagonal, correlation 
coefficients corresponding to Model 7 above diagonal. 
(N = 165). 

OUTPUT OUTPUT OUTPUT PHYSICS 
ll'HEORETICAI APPLIED EXPERIMENTAL GRAND TOTAL 

OUTPUT 
THEORETICAL 1.00 1.61 0.58 0.78 

OUTPUT 
APPLIED 0.61 1.00 0.58 0.81 

OUTPUT 
EXPERIMENTAL 0.58 o.5a 1.00 0.85 

PHYSICS 
GRA..~ D TOT AL 0.78 0.81 0.85 1.00 

Table 12.4 Regression factor structure coefficients associated 
with Model 7 (N = 165). 

Regression Factor 
Structure Coefficients MUltiple 

'l'HEORETICAL APPLIED EXPERIMENT]µ. R 

PHYSICS 
GRAND TOTAL 0.80 0.85 0.89 0.96 



INSTRUCTIONAL 
SYSTEM 

l' OUTPUT OUTPUT 
THEORETICAL HEORETICAL 

"" [;] BURSARY BURSARY '~ MATHS MATHS 

OUTPUT OUTPUT 
APPLIED APPLIED 

PHYSICS S.C. MATHS GRAND 
TOTAL 

OUTPUT OUTPUT 
XPE RI MENl'AL XPERIMENT 

BURSARY BURSARY 
APTITUDE PHYSICS PHYSICS 

!'~.' 
OUTPUT OUTPUT 

TTITUDINAL P.TTITUDINAL 

"' •• 

"" 
• ', 

MODEL 6 MODEL 2 MODEL 7 

I\) 

U1 

Fig 12.3 Combining models 6,2 and 7 - only important variables and significant paths shown. I.O 
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s.C. MATHS 

APTITUDE 

BURSARY 
PHYSICS 

0.57 

R a 

. 82 

INAIM 

0.4 

!NATT 
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~ 
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C 

0.67 

rag = 0.25 

rdf = 0. 30 
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Rd 

0.63 

OUTPUT 
APPLIED 

R e 

0.76 

OUTPUT 
THEORETICAL 

0.63 

OUTPUT 
EXPERIMENTAL 

OUTPUT 
ATTITUDINAL 

0.74 

R g 

0.46 

= 0.21 

0.21 

Fig 12.4 Model 8 (Broken lines denote significant, but negative 
path coefficients) (N = 159). 



Table 12.S Model 8 Correlation matrix: correlation coefficients from observed data below diagonal, 
correlation coefficients corresponding to Model 8 above diagonal assuming uncorrelated 
residuals. (N = 159) 

BURSAR] s.c. BURSARY :):J.'JPUT OUTPUT OUTPUT OUTPUT OUTPUT SEX .MOTIV APT. AIM IND MATHS MATHS PHYS. ATT APP. TH. EXP. ATT. 

BURSARY MATHS 1.00 0.10 0.49 0.58 0.23 0. 72 0.32 0.18 0.23 0.69 0,45 0,48 0,12 -- -- --
SEX 0.10 1.00 0.09 0.04 0.02 -0.04 -0.29 -~ Q.:..Q! 0.00 -0.02 -0.02 -0.02 -==== ~ ==-- -MOTIV 0.49 0.09 1.00 0.30 0.08 0.54 0.20 0.17 0.47 0.43 0. 39 0.45 0.11 = = =-
s.c. J,!ATHS 0.58 0.04 0.30 1.00 0. 34 0.63 0.41 0.04 0.16 0,46 ~ 0,44 0,03 --
APT. 0.23 0.02 0.08 0.34 1.00 0,33 0.18 0.10 0,04 0,18 0,20 0.32 ~ -- --
BURSARY PHYSICS 0.72 -0.04 0,54 0.63 0.33 1.00 0.46 0.30 0.26 0.57 0.64 0,66 0.20 -- =aa === 
AIM 0,28 -0.29 0.24 0.41 0.18 0,46 1.00 0.16 0.19 ~ 0,31 0,34 0.11 = = 
INPUT ATT. 0.18 -0.10 0.15 0.04 0.05 0. 30 0.28 1.00 0,09 0,19 0,20 ~ 0,67 

IND. 0.38 0.12 0.47 0.27 o.oo 0.38 0.23 0.01 1.00 0.37 0.30 0.50 0.01 == = = = 
OUTPUT APP. o. 71 -0.02 0.52 0,53 0.28 0.66 0.44 0,20 0.47 1.00 o. 39 0,46 0.13 === 
OUTPUT TH. 0.47 -0.12 0. 31 0.45 0.19 0,65 0.32 0.24 0.37 0.61 1.00 0,47 0,14 

OUTPUT EXP. 0.55 o.oo 0.39 0,46 0.31 0.70 0.35 0.12 0.55 0.58 0.58 1.00 0.13 

OUTPUT ATT. 0.11 -0.07 0.12 0.05 0.13 0.24 0,25 0.67 0.12 0.23 0.26 0.27 1.00 

Iv 
O'\ 
I-' 



Table 13.l Changes in student aims and factors affecting these 

changes in 1972 (N = 81). 

Contributing Reason* 
(I) 
I. 

'H 'H ;:l 
Cl) 0 (I) O+I 

'13 .j.J (I) I. rd 

~ ~ 'Cl Ill ::l tllZ 
'H Ill ~ 

::, I. +I I. 
0 (I) E-t +I 0 rd 0 t> 

·r! .j.J 
~ E 

0 ·r! +IZ t:·g .-I s;:: :3: +I t> 
(I) 0.. (I) Ill 0 +I Ill t> rd (I) 
t,, (I) 'Cl (I) I. ~ ,i: tll r«·r! r.. 'Cl 
rd p:; ::, E-t 'H t> f:: Ill 

.j.J .j.J 0 bl·r! .-I (I) .-I t> 
s;:: ti) +I Ill Cl) +I s;:: Ill Ill 'Cl rd,i: 
(1).-1 't> t> +I <U ·r! >, i:: ru i:: I 
t> rd 'H ru •r! r-1 .... O'>..C: I. t> I. S:: 
I. +I 'H +I Ill::, 0 s;:: il< (I) ,i: (I) 0 
(I) 0 ru s;:: >, Ill .0 ru +I +IZ 
il< E-t .j.J 0 .c: (I) rd .c: 0 Xi:: X 

ti) u il< p:; .::I u .µ i:.:i <U i:.:i rd 

Increase in Aim (over year) 11 50 80 30 30 30 0 

Decrease in Aim (over year) 27 0 80 50 20 30 30 

No Change in Aim (over year) 39 - - - - - -
Fluctuating Aim but no 
Significant OverallChange 23 10 90 70 20 20 40 

* Each number indicates the percentage of students with that 

particular aim change, who considered that reason a contributing 

one to their aim change (to nearest 10%). 

Table 13.2 Students' expectation versus test results and students' 

change in aim in 1972 (N = 81). 

Ill Percentage (I) 
•r! of Students 
.-I Within Each 0.. 

&! Group with 
Particular 

.-I Aim Change rd 
+I 
0 

E-t 

'H E 
.µ 
i:: E E 

0 ·r! ru .... ·r! 
,i: t> ,i: ,i: 

(I) ·r! 
t,, 'Cl 'H i:: 'Cl 
rd (I) ·.-i•r! (I) 
.j.J Ill §, (I) 

Ill 
s;:: rd rd 
(I) (I) ·r! 0, (I) 
u I. ti) i:: I. 
I. t> rd t> 
(I) Q) ~6 s;:: 
p.. 0 H 

Students who considered marks from tests 
lower than expected 50 30 70 0 

Students who considered marks from tests 
as expected 25 20 55 25 

Students who considered marks from tests 
higher than expected 25 25 55 20 
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Fig 13.l(a) Feedback model of student attainment 

Past 
Performance 

Test 
(ti) 

Fig 13.l(b) Respecified for path analysis 
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Physics Result 
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Input 
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Aim 
(t ') 

Exam 

Fig 13.l(c) Simplified model with data available for testing 
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0.57 0.54 
0.78 

BPHS PAP 1 

Fig 13.2(a) Model 9(a) Theoretical Course (* path coefficients not 

significant at 5% level). 
~ 

0.69 

BPHS 

0.29 

Fig 13.2(b) Model 9(b) Experimental Course 

0.81 
0.45 

PAP 2 

OUAIM 

*not significant 
at 5% level 

Table 13. 3 Model 9 Correlation matrix: Correlation values from 

observed data below diagonals, correlation values 

corresponding to Model 9 above diagonals (assuming 

uncorrelated residuals) (N = 165). 

BPHS AIM TESTS OU1'.IM PAP 1 BPHS AIM TESTS OUAIM 
BPHS l.00 0.47 0.81 0.62 0.69 B?HS 1.00 0.45 o. 71 0.58 

AIM 0.47 1.00 0.46 0.60 0.41 AIM 0.45 1.00 0.40 0.55 = 
TESTS 0.81 0.46 1.00 0.70 0.84 TESTS o. 71 0.40 1.00 0.76 

OUAIM 0.65 0.60 0.70 1.00 0.66 OUAI:M 0.65 o.ss 0.76 1.00 

PAP 1 0.78 0.40 0.80 0.66 1.00 PAP 2 0.79 0.41 0.89 o. 72 

Theoretical Course Experimental Course 

PAP 2 
0.63 = 
0.38 = 
0.89 

o. 72 

1.00 



BPHS PAP 1 

TESTS 

0.35 

Fig 13.3(a) Model lO(a) Theoretical Course 
Rd 

0. 39. 

BPHS PAP 2 

Fig 13.3(b) Model lO(b) Experimental Course 

Table 13.4 Model 10 Correlation matrix; correlation values from 

BPHS 

AIM 

TEST 

OUAIM 

PAP 1 

BPHS 

1.00 

0.47 

0.81 

0.66 

0.78 

observed data below diagonals, correlation values­

corresponding to Model above diagonals (assuming 

W1correlated residuals). 

AIM TEST OUAIM PAP l BPHS AIM TEST OUAIM 

0,47 0.81 0.62 0.80 = BPHS 1.00 0.45 0.71 0.58 == 
1.00 0.46 0.60 0,41 AIM 0.45 1.00 0.40 0.55 

0.46 1.00 0.70 0.84 TEST 0.71 0.40 1.00 0.76 

0.60 0.70 1.00 0.66 OUAIM 0.65 0.55 0.76 1.00 

0.40 0.84 0.66 1.00 PAP 2 0.79 0.41 0.89 o. 72 

Theoretical Course Experimental Course 

PAP 2 

0.78 = 
0.38 

0.89 

o. 72 

1.00 
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'.rable 13. 5 Principal components analyses of teacher's subjective 

assessments of first year physics students in 1973 

266 

(N = 101) and in 1974 (N = 87) with factor loadings )0.5. 

Factor Mean Standard Objective/Criteria* 
0-6 Scale Deviation 100h 2 

I II 
11973 1974 1973 1974 1973 1974 1973 1974 1973 1974 

Academic Ability 
(Ul) 0.8 0.9 3.8 3.9 1.1 1.2 68 82 

Academic Industry 
(U2) 0.8 0.9 4.0 4.0 1.2 1.4 72 82 

Maturity/Stability 
(U3) 0.9 0.8 4.2 4.2 1.2 1.2 78 66 

Comprehension of 
Physics (Pl) 0.8 0.9 3.6 3.9 1.1 1.2 82 89 

Ability to apply 
(P2) 0.9 0.9 3.5 4.0 1.1 1.1 82 85 

Analyze and 
Evaluate (P3) 0.9 0.8 3.2 3.6 1.2 1. 3 84 81 

Conduct experimen-
tal work (P4) 0.6 0.5 o.s 0.6 3.7 3.9 1.1 1.2 61 64 

Process experimen-
tal data (PS) 0.7 0.7 0.5 0.5 3.4 3.7 1.2 1.2 78 80 

Attitude to 
physics (P6) 0.5 0.7 0.8 3.9 3.9 1.2 1.4 71 85 

Rotated % variance 
accounted for by 46 45 30 34 
each factor. 

* see Appendix N 



Table 13.6 Principal components analy~es of lecturer's subjective 

assessments of first year physics students in 1973 

(N = 101) and 1974 (N = 87) with factor loadings ~0.5. 

Factor Mean Standard 100h 2 
Objective/Criteria* 

I II 
0-6 Scale Deviation 

1973 1974 1973 1974 1973 1974 1973 1974 1973 1974 

Academic Ability 
(Ul) 0.9 0.9 3.8 3.6 1.4 1.3 83 80 

Academic Industry 
(U2) 0.9 0.9 3.3 3.5 1.6 1.6 87 89 

Maturity/Stability 
(U3) 0.9 0.8 3.5 3.3 1.5 1.2 83 79 

Comprehension of 
Physics (Pl) 0.8 0.9 3.4 3.5 1.5 1.4 92 92 

Ability to apply 
(P2) 0.9 0.8 0.5 3.5 3.0 1.5 1.6 91 92 

Analyze and 
Evaluate (P3) 0.9 0.9 3.1 2.9 1.5 1.7 92 91 

Conduct exp. work 
(P4) 0.7 0.6 0.5 0.7 3.4 3.5 1.4 1.4 81 83 

Process exp. data 
(PS) 0.9 0.9 3.3 3.4 1.5 1.7 88 91 

' Attitude to physics 
(P6) 0.8 0.8 3.4 3.5 1.4 1.5 82 85 

Rotated % variance 45 41 39 45 

* see Appendix N 
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Fig 13.4 A simplified version of Fig 4.1 which relates to a 

teacher's (lecturer's) perception of student attainment. 
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"ABILITY" 
FACTOR 

Fig 13,5 Model 11 

OUTPUT 
THEORETICAL 

OUTPUT 
APPLIED 

OUTPUT 
EXPERIMENTAL 

OUTPUT 
ATTITUDINAL 

Teachers' subjective assessments. (N = 165) 

Table 13,7 Model 11 Correlation matrix: correlation coefficients from observed 
data below diagonal, correlation coefficients corresponding to Model 11 
abovl::! diagonals asswuing uncorrelatecJ. resi<luals. 

•ABILITY" " MOTIVATION " OUTPUT OUTPUT OUTPUT OUTPUT 
FhCTOR FACTOR THEORETICAL APPLIED EXPERI!J!ENT.l\.L ATTITUDINAL 

"ABILITY" 
FACTOR 1.00 0,05 0,51 0,50 0,48 0.27 

"MOTIVATION" 
FACTOR 0.05* 1.00 0,21 0. 39 0.30 0.01 

OUTPUT 
THEORETICAL 0,51 0.21 1.00 0. 31 0.29 0 .13 = 
OUTPUT 
APPLIED a.so 0,39 0,61 1.00 0.34 Q......13 

OUTPUT 
EXPERIMENTAL 0,48 0.30 0,58 0,58 1.00 0.13 

OUTPUT 
ATTITUDINAL 0.28 0.12 0.26 0.23 0.27 1.00 
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* Orthogonal factors were estimated on total sample including dropouts. 

Table 13 8 Regression factor structure coefficients associated with Model 11 (N = 165) . 
Regression Factor 

Structure Coefficients Multiple 

• ABILIT:Y' "MOTIVATION" R 
FACTOR FACTOR 

OUTPUT 
THEORETICAL 0,95 0, 39 0.54 

OUTPUT 
APPLIED 0.81 0.63 0.62 

OUTPUT 
EXPERIMENTAL 0.87 0.55 0.55 

OUTPUT 
ATTITUDINAL 0.97 0,41 0.29 

PHYSICS GRAND 
0.67 TOTAL 0.85 0.54 
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Fig 13.6 Mean correlations for 1973 and 1974 (N = 165) of 

subjective assessments with combined physics examination 

mark (papers only) at the end of the first year of 

University (excluding dropouts). 
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Fig 13.7 Model 12 Teachers' subjective assessment and Bursary 
Physics Total. (for correlation matrix refer Model 2 
and Model 11). 

Table 13.9 Regression factor structure ~oefficients associated 

with Model 12 (N = 159). 

Renressinn FRctor 
Struc~ure coefficients MULTIPLE 

BURSARY ABILITY MOTIVATION R PHYSICS FACTOR FAC'l'OR 

OUTPUT 
THEORETICAL 0.97 0.76 0.31 0 .67 

OUTPUT 
APPLIED 0.94 0.72 0.56 0.70 

OUTPUT 
EXPERIMENTAL 0.99 0.69 0.43 0.70 

OUTPUT 
ATTITUDINAL 0. 87 0.93 0.40 0.30 

PHYSICS GRAN[ 
TOTAL 0.99 0.46 0.45 0.81 
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Table 14.1 Textbook design - Senior Advanced Physics. 

Objective 

I 

II 

III 

Textbook design to achieve objective 

(i) Short sectioned text with plenty of diagrams, each 
section followed by one or two test-yourself 
questions to act as a rough guide to basic under­
standing. 

(ii) Summaries at the end of each part of the book to 
co-ordinate ideas (part of objective III). 

(i) Frequent and fully worked examples, students being 
encouraged to first find an answer th~mselves. 

(ii) Plenty of problems of suitable difficulty with 
answers supplied. 

(iii) An appendix on how to solve physics problems.* 

(i) Discussion questions to extend capable students. 

(ii) Panel sections in the textbook providing additional 
material beyond the syllabus. 

(iii) Summaries including unifying ideas. 

IV Experimental work was explicitly not included in 
the text as it was available elsewhere. However 
an appendix on experimental work was provided.** 

* Adapted from Pepper (1974) 

** Adapted from Osborne (1974a) 
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Table 14.1 Graduates in schools (1971) ;graduate production (1967-1971): 

* and stage II enrolments (1965) for New Zealand. 

Graduates Gradua.te Stage II 
in Schools Production Enrolments 

(1971) (1967-1971) (1965) 

Physics 163 308 149 

Chemistry 359 897 354 

Mathematics 496 1036 513 

Biology 489 913 -

* For details see Osborne (1973) 
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Table 15.1 Types of investigations in the evaluation and elucidation of instructional systems. 

FORMAL AND 
OBJECTIVE 
INVESTIGATION 

SEMI FORMAL ANC 
SEMI OBJECTIVE 
INVESTIGATION 

INFORMAL AND 
SUBJECTIVE 
INVESTIGATION 

CONTEXT 

Critical 
anaiysis of 
objectives 

possible/ 
desirable 
objectives. 

Tencher 
guestionnaire 

on importance 
of objectives 

Teachers1/ 
scientists' 
comments 

about the 
course 
objectives or 
goals. 

EVALUATION 

INPUT PROCESS 

Critical External 
anaiisis of evaluation 
instructional classroom methods 
sum.rnarized by interaction 

empirical dnta analysis. 

if available. 

Teacher Student 
9:uestionnaire guestionnaire 

does proposed instruction 
instructional difficult 
material easy 
appear useful informative? 

Teachers1/ Informal 
students' comment 
com.inents 

from students 
on proposed re instructio:'. 
instructional 
methods. 

PRODUCT 

Measurement of 
eroduct. 

input-output 
measures. 

Teacher-
guestionnaire 

do students 
appear to be 
achieving 
goals? 

Student or 
societv's 
subjective 
reaction 

to value of 
product. 

ELUCIDATION 

MODEL 

Mathematical or 
statistical 
model ---
(specific) 

Verbal or 
gra12hical model 

(generalized) 

Subjective 
perception of 
of system 

MATHEMATICAL 

NON 
MATHEMATICAL 

N 
OJ 
0 
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APPENDIX A 

BACKGROUND TO THE FIRST YEAR PHYSICS- COURSES 

A.l The New Zealand education system 

Students enter secondary school at approximately age 13 (third form) 

and at age 15 (fifth form) offer themselves for their first national 

examination (School Certificate) in four or five subjects. Approximately 

50% of School Certificate candidates present "Science" as one of their 

subjects. Specialist courses are also offered in biology, physics and 

chemistry. However, the number of students in these subjects is steadily 

declining (less than 5% of S.C. candidates offered physics in 1975). 

Specialist studies start in earnest in the sixth form whe~e no integrated 

science course is available. Approximately 30% of the sixth form 

students take physics (chemistry numbers are almost identical) and 

University Entrance is attained at the end of the sixth form year either 

by accreditation within the secondary school or by national exai-nination. 

Most students wishing to pursue a science degree return to school for a 

seventh form year. To obtain financial support for university most 

seventh foi.n students sit the Bursary examination in five subjects and 

some candidates sit a further examination in three of these subjects to 

complete the Scholarship examination. Approximately 45% of seventh form 

students took physics in 1972-1974. 

The first year physics courses at most New Zealand universities 

attempt to provide not only a basis for a B.Sc. in physics, or a B.Sc. 

majoring in some other science, but also an "acceptable" education for 

students who are subsequently to enrol for a specialist degree (e.g., 

medicine, optometry, engineering, forestry) in the following year. 

These specialist degrees are likely to be at some other university. 
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A.2 The University of Waikato and the establishment of the first year 
physics courses, 1970 

The University of Waikato was established in 1963, and in 1969 a 

School of Science was established within the university. Undergraduate 

students were enrolled for the first time in March 1970 for a three 

year, 22 course, B.Sc. degree, majoring in either Biological Science, 

Earth Science, Chemistry, Physics or Mathematics. The regulations for 

the degree were specified in the University of Waikato calendar 

(University of Waikato, 1970) and were substantially the silltle during 

the period of this research project. In the first year of study for the 

B.Sc. degree, students normally choose four subjects from Biological 

Science, Earth Science, Chemistry, Physics, Pure Mathematics or Applied 

Mathematics (vectorial mechanics, statistics and computing). In each of 

these subjects students usually enrol for the two complementary first 

year courses offered in each subject (although it is possible to enrol 

for only one course in a subject). The two first year courses in one 

subject were planned to be assessed independently, and together they 

were equivalent to a single first year unit then available (1970) at 

other New Zealand universities. Each of the 22 courses for the B.Sc. 

degree at Waikato consists of approximately 3-4 hours class contact per 

week with a total study time of 6 hours per week. 

A,3 Initial implicit objectives (1970) 

In establishing a new course stated differences, or similarities, 

with comparable courses (for example, at other universities) tend to 

indicate differences in implicit objectives. There has been a tendency 

in university physics courses for laboratory-based work, whether 

emphasizing experimental or practical skills or an understanding of 

basic principles, to be considered unimportant by students and often an 

appendage to a lecture course. This viewpoint arises because the effort 

a student puts into such work and the resulting educational attainments 
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often have had little bearing on the final grade (provided the 

"practical work" was "completed satisfactorily"). If certain objectives 

of physics teaching are considered to be more appropriately taught by 

experimental work and if such objectives are to b~~ emphasized, then a 

change in the above situation is required. The division of "first year 

physics" into two separately assessed courses provided an ideal 

opportunity to do this. 

In planning the first year programme: 

(i) It was decided to differentia.te the two physics courses 

in terms of two aspects of physics-experimental physics 

and theoretical physics-rather than in terms of content, 

as was the policy in other subjects in the school. The 

theoretical course (73.101) was to be essentially expository 

in its approach while the experimental course (73.102) was 

to have a laboratory-based heuristic approach. The courses 

were designed to be complementary in that they would cover 

similar content. However, the experimental course was to be 

more an indepth study of particular concepts of physics and 

was to emphasize the relationships between these concepts 

and the real world. It was not to be a practical course 

emphasizing experimental skills, but oriented towards an 

understanding of basic physics, within the constraints of 

available experimental equipment, and other resources. 

On the other hand, the theoretical course was to be primarily 

a lecture series, designed to provide an overview of the 

major principles of classical physics described at a 

reasonably sophisticated mathematical level and to demonstrate 

the theoretical application of physical principles. 

(ii) The physics content of both courses was directed towards 

the basic principles of classical physics and towards the 



appreciation of the unity of the subject as the study of 

the interaction of particles. This emphasis was seen as 

necessary for the education of any future physicist, and 
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of more long-term value to the scientist or science-oriented 

specialist (medicine, optometry, engineering) than 

technological details. 

(iii) The cours2s were designed to emphasize comprehension and 

understanding. Rote learning and recall were to be 

de-emphasized as much as possible and the use of textbooks 

rather than lecture notes was to be encouraged. 

A.4 Structural decisions made prior to the commencP.ment of teaching 

The following structural decisions were made prior to the commence­

ment of teaching in 1970. These decisions were made keeping in mind 

(i) the total university setting explained above, and 

(ii) the educational emphases outlined in Appendix A.3. 

(a) Staff-student contact. The theoretical course (course 73.101) 

was designed to have 3 one hour lectures per week and the experi­

mental course (course 73.102) was designed to have a single 6 hour 

laboratory each fortnight. In addition, a tutorial of one hour per 

fortnight was scheduled to cover aspects of both courses (95% of 

students enrolled for both courses). Lectures were to be given 

simultaneously to all students enrolled in the theoretical course, 

each laboratory class was to contain up to 32 students (1 staff 

member plus one assistant), and each tutorial class was to contain 

about 16 students. Students in the laboratory were to work in pairs 

and to complete three sets of four experiments in the year. The 

student pair would be sequentially rotated about the four experi­

ments in each set. Laboratory times were to be 3 hours one after­

noon followed by 3 hours the following morning to provide overnight 

consideration of the experiment by the student. 
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{b) The textbook, "Funda1nental University Physics" (Alonso and 

Finn, 1967) was chosen as the textbook to provide students with 

the basic theoretical knowledge required in the courses. This 

book was chosen as it provided an emphasis on the basic principles 

of classical physics and also provided an order of treatment which 

showed the unity of the subject. The lectures were envisaged 

primarily as providing support for understanding the concepts in, 

and the content of, the textbook. Graduates refer to published 

material not lecture notes and it was felt that first year students 

should be "weaned" from detailed lecture notes and directed towards 

learning from published material. Also in the laboratory it was 

decided students should be referred as much as possible to texts 

for background theory rather than have it provided in a laboratory 

guide. 

(c) Assessment was seen as an integral part of the course structure 

in that students, particularly at university, are strongly 

motivated towards achieving "satisfactory grades". To emphasize 

the textbook rather than the lecture notes the tests and final 

examination in the theoretical course (73.101) were to be open 

textbook written examinations. The open book examination was also 

intended to reduce emphasis on recall and rote learning. 

In the experimental course, the importance of understanding 

the theory on which an experiment was based and the minimal 

emphasis to be placed on practical skills suggested that the 

conventional assessment of laboratory books, or reports, was 

inappropriate. Instead open book written tests and examinations 

to which students could bring their laboratory accounts, laboratory 

guides, textbook and so on were considered a more satisfactory 

assessment procedure and one likely to provide the correct 

motivation for the course. 
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(d) Initially the tutorials were conceived as an opportunity for 

students in small gronps of 16 with one staff member to ask 

questions relating to both courses. It was envisaged that the 

tutorials would emphasize probJ..em-solving as well as helping 

students with underlying conceptual difficulties. 1 

1Although the tutorials were concerned with 
conceptual difficulties in the experimental 
student-staff discussion in the laboratory. 
in that course freed staff from the routine 
accounts and hence more time could be given 
students. 

both courses many of the 
course were overcome through 

The assessment procedures 
marking of laboratory 
to. helping individual 
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APPElJDIX B 

PATH ANALYSIS 

The method of path analysis applies to sets of relationships arnong 

variables which are assumed linear, additive and causal. In a 

predictive model it has no greater predictive power than multiple 

regression. However, in a structural model it provides a technique 

whereby the rationale for a set of regression equations can be made 

explicit. Basically, as Tatsuoka (1973) has stated, path analysis 

reflects a desire of the researcher to go beyond purely statistical 

relationships to the development and testing of models which hypothesize 

the structure of the relationships. 1'.sse:rtions made by tenta.tive models 

may be refuted by observed data. 

Introductor.1 accounts of path analysis are provided by Duncan 

(1966), Land (1969) and Tatsuoka (1973), while the problems of using 

the technique have been discussed by Heise (1969). Briefly, path 

analysis involves selecting the variables, determining the order of 

variable causation, drawing the path model, and testing the model. 

As a very simple example of the use of path analysis, consider 

three variables x1 , X2 and x3 where X3 is assumed to depend linearly 

on x1 , x2 and a residual term Xa i.e., X3 = a 31 X1 + a 32 X2 + a 3 axa + a. 

Usually it is more convenient to treat the variables in standard 

form, each with mean zero and unit standard deviation. Hence 

+ P3 Z a a 
I 

A path diagram of this model is given in Figure B.l where p 31 ,p 32 and P 3a 

are known as path coefficients or standardized path coefficients. 

In path diagrams one-way arrows lead from each determining variable 

to each variable dependent on it. Unanalyzed correlations between 
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Fig B .2 A simple path diagram - two dependent variabl.:~s. 
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variables not dependent on others in the system are shown by two-headed 

arrows and curved lines. Residuals are also represented by uni­

directional arrows leading from the residual variable to the dependent 

variable (however, literal subscripts are attached to resid.1al symbols 

to indicate that they are unmeasured) . The quantities along-side the 

paths are symbolic or nurnerical values of the path, or correlation, 

coefficients of the postulated causal, or correlation, relationships 

respectively. 

Assuming r 12 represents the correlation coefficient between 

variable z1 and z2 in Figure B.l, then a system of structural equations 

can be derived from Figure B.l and equation I. Namely, 

II 

III 

IV 

hence 

therefore 

P3a= /1-R2 

where R is the multiple regression coefficient of z 1 , z2 on Z3 a nd 

Similarly p 3 2 = 83 2 • 

standardized partial regression 
=coefficient= S31 

f th analysis is that it helps in An advantage o pa 

• t" l 
f fami·1i·ar statistical quanti ies. the interpretation o 

l . . 1 - · tion (see Guilford, 1965, p.376) 
(a) P3 a is the coefficient of a iena d the path coefficient of a 

• b interprete as and from path analysis can e . . ance and zero mean representing 
dummy variable (residual) having unit va~i . . Z. 

h' h use variation in 3' 
all unmeasured variables w ic ca t· of the correlation between 

'd ·nterpreta ion 
(b) path analysis provi es an i . d indirect effects. The direct 

. th sum of direct an . h any two variables as e . the ath coefficient p 31 while t e 
effect of Z1 on Z3 is e~timated by p nd path r 2P32 = r31. - P31• 
indirect effect is provided by the compou 1 
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Path coefficients can be determined numerically from the observed 

correlations either by direct solution of the equations or by obtaining 

the standardized regression coefficients, determined, for example, from 

the multiple regression of z1 and z2 on z3 • If all possible paths of 

one-way causation have been postulated there is a one-to-one correspond­

ence of the coefficients of the structural equations of the path model 

with the estimated path coefficients. For path models of this type 

there are no conditions imposed on the model that can be used to test 

its adequacy. The model however may be adapted in the light of the 

observed data by removing all postulated paths except those found to 

be statistically significant (for example, as estimated by an F test) at 

a given criterion of significance (say, 5% for N = 100 - 500). On the 

other hand if all possible paths are not postulated in the hypothesized 

model, over-identification will arise and this allows a test of the fit 

of the model under assumed conditions. As a simple example, it might be 

postulated that p
32 

is zero in the path diagram Figure B.l, then the 

equations II and III reduce to p
31 

= r
31

, p
32 

= p
31

r
12

• If these 

relationships hold for the computed coefficients then the model is not 

rejected. While Land (1969) considers that the structural equation 

(e.g., I to IV above) constitute the path model, in this thesis the 

path diagram including all numerical parameters is considered to 

constitute the model as all structured equations can be derived from 

such a diagram. 

In Figure B.2 a second dependent variable, z4 , is also assumed to 

be dependent on z1 and z2 . Generalizing equations II to IV, the basic 

equation of path analysis is 

r .. 
l.J 

where q runs over all variables that lead directly to z .. 
l. 

V 

Hence 



r 3 1 = P 3 1. + P 3 2 r 2 1 

Although the residuals (p 3 a and p4 b) are unlikely to be zero, 

particularly in educational systems, it is still possible for the 

independent variables to account for the intercorrelations of the 
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dependent variables and the aim of the researcher might well be to 

discover such independent variables. If the independent variables do 

not account for the correlations between dependent variables then the 

residuals will be correlated and from V 

hence the correlation rab between the unmeasured residuals can be 

determined from the observed data. 
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TYPICAL SUMMARY, SELF EVALUATION SHEETS AND TUTORIAL SHEETS 

(for Alonso and Finn Physics, Chapter 8) 

C.l Summary sheets for Chapter 8 issued in evaluation session for 

Chapter 8 (1974). 
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C.2 Self evaluation questions and problems-used in evaluation session 

for Chapter 8 (1974). 

C.3 Tutorial sheet for Chapter 8 following above--issued in tutorials 

in Teaching week 7 (1974). 



1. 

UNIVERSITY OF WAIKATO 

PHYSICS 73.101 

Summa·t"y 6 

(Alonso and Finn, Ch 8) 

Impulse (I) (8.1) 

I= Jt I. dt = E - l2-o 

to 

where pis the momentum at t 

fo the momentum at t 0 

2. Work and Kinetic Energy 

i) Work (W) (8.2) 

w = JB I 
A 

where W -- work done by the force I_ movir.g a particle 
from A to B. 

FT= component of F along the path 

ii) Power (P) (8.3) 

p dW = dt 

d (F dr) = dt . 
= F. v if Fis constant. 

iii) Kinetic Energy (EK) (8.5) 

w = JB FT ds = ½ mvB 2 - ½ mvA 
2 

A 

EK ½ t ~ = mv = 2m 

3. Conservative Forces 

i) A force Fis conservative if 

ii) 

t I . d£ = 0 

Potential Energy 

(8.8) 

(E ) (8.8) 

- PJB F. dr 

A 
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iii) Conservation of Energy (8.10) 

Total Energ} = E =EK+ Ep = CONST. 

IV) Force and Potential Energy (8.9) 

F = 
X 

_dEP 
d:>: 

F dE = -P y dy 

F = d"Sp 
z GZ 

4. Non Conservative Forces (8.12) 

d (>' + E) - dH' where W' is the work done by non con­df ~K P - dt 

servative forces. 
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C.2 Self-evaluation questions and problems 

UNIVERSITY OF WAIKATO 

PHYSICS 73.101 

Problem Sheet 6 

1, What is the power used·by a 40 k 6 boy if he rides up a hill 
whose Bradicnt is 4° on a 10 kg bicycle at 5 m s- 1 The 
frictional force is 20N. 

A. 2 7. 5 watt 

B. 55 watt 

c. 175 watt 

D. 275 watt 

E. 550 watt 

2. A snfilll lead mass hanging from a string swings as a pendulum. 
The work being done on the bob by the tension in the string is 

3. 

A. greatest when the mass is rising most rapidly. 

B. greatest when the mass is passing through ei the1' 
end of its swing. 

C. greatest when the ball is at its lowest point. 

D. greatest when the ball has just.passed the lowest 
point of the swing. 

E. zero. 

-- - -, .,, .. 
I 
h 

...... 
....... 

The initial horizontal component of velocity of the 
projectile in the above figure is 

A, /v2 - ~gh 

B. /v2 + 2gh 

c. /v2 + gh 

D. V 

E. ✓v2 - gh 



295 

4. A particle moves under a focce described by the potential 

energy function Ep(x) = - 2x 2 • The force on the particle 
is given in vector form hy 

A. u ( 4x) -x 

B. u (2x 2 ) 
-x 

c. + u (-4x) -x 

D. 4x 

5. A body is falling through a viscous fluid starting from rest. 
When the body is travelling at its terminal velocity, show 

that the rate of dissipation of total energy is equal to 
m2g,2 

K~ 

6. A particle, mass m, moves in a vertical circle on a string. 
Show that the difference in tension in the string at the top 
and bottom of the string is equal to 6 mg. 



C.3 Tutorial sheet 

. UNIVERSITY OF WAIKATO 

PHYSICS 73.101 

Tutorial 7 - Chapter 8 Week a 
Problems in Ch 8 

8.6 lOON 

a.a 1.04 X 10 5 J 

8.19 (Remember 

for E ; p 

k mv 2 

r 2 = r EK=.½ mv 2 and see Exar:iple 8.7 
E = Ep + EK) 

8.25 Approx. 7cm (Read Example 8.3, and assume x <<lm) 
8.35 (Stable x=O, Unstable x=2) 

8.23 (Answer in book correct for g = 9.8m s- 2 ) 

Discussion Questions 

1. When the bob of.a simple pendulum is released at A, a nail 
catches the strim,: at B. If the ball is always released from the 
same point, how d~es h vary as x-is varied? Ch is the max height 
reached by the bob) 

IX 

B :oi 
A 

.. .... . ...,., 
l .. J t 

h 
- - - - _i_ 
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2. A manufacturer makes the following claim about a new ball for 
children. "The super ball is so elastic that when dropped from rest 
onto a concrete floor it will rebound to 1. 0 5 times its original 
height." Comment. 

3. Potential energy is not uniquely defined, as its value at any 
point depends on the arbitrary assignment of zero potential energy. 
Is kinetic energy uniquely defined? 

4. A stationary observer watches a 1 kg mass fall 0.6 m increasing 

its speed from 2 m s- 1 to 4 m s- 1 • The work done is 

F.d = 10 x 0.6 = 6J and the gain is EK= ½mv' 2 - ½mv 2 = 6J. An 
observer falling at 2 m s- 1 (parachutist!) observes the physical 

si tuatis,n and considers the speed increases from O m s- 1 to 2 m s- 1 , 

a kinetic energy increase of 2J. However, force and distance are 

invariant under a Galilean transformation, so the work done was 6J. 

Where is the extra energy? 



APPENDIX D 

EXTRACTS FROM EXPERIMENTAL PHYSICS 

R.J. Osborne 
University of Waikato, 1974 

D.l Content of 73.102 from Experimental Physics, p. (iii). 

D.2 Introduction to 73.102 from Experimental Physics, p.1-2. 

D.3 A typical experiment with objectives annotated, Experiment 11 

from Experimental Physics, p.117-125. 
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D.4 Extract from self-evaluation questions from Experimental Physics, 

p.169. 

D.5 Typical test and examination questions from Experimental Physics, 

p.174. 
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D.2 Experimental Physics: Introduction 

INTRODUCTION 

1) ExEerimental_Physics (Course 73.102) 

The course consists entirelv of experimental work and the 
aim of the cour~;e is that you (as a student taking t:-iis course) 
should, 

i) obtain an undcrstandinr,, and an ability to use in 
specific situations, some of t~e important principles 
and theories of physics. 

ii) come to know better the difficulties involved in 
relating experimental observations to ohvsical laws, 
and to become more aware of the linitations of 
physical laws. 

iii) be able to propose simple tentati•;e explanations for 
observed facts, and to not only make predic~ions from 
these explanations, but to plan experiments to test 
these predictions. 

iv) be able to record and analyze experimental results in 
graphical and mathematical forms and to !T'.ake valid 
conclusions from observations and data. 

In other words we wish to ~ive you, by means of this course, 
an appreciation of physics and feel for the subject. 

For specific examples of how the above aims relate to your 
laboratory work, consider the following:-

i) To enable you to use theoretical ideas more effectively 
the aim of a number of experiments is for you to make 
predictions from theory and to test these predictions 
in the laboratory. 

ii) In judging whether a theory applies to a particular 
situation you will need to consider carefully the 
approximations and idealizations in a theory. 

iii) As part of planning experiments you will need to consider, 
for example, what measurements should be made to best 
test a theory. or investigate a fact. 

iv) To make conclusions from data, you will need to carefully 
analyze your results to evaluate any discrepancy between 
theory and experiment. 

Most of the principles and theories used in this course will 
be found in your textbook "Physics", Alonso and Finn, Addison­
Wesley 1970, and it is therefore essential that you bring this book 
with you to the laboratory sessions. In many instances details of 

1 
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cxoerimcntal croccdures and the analysis of the theory involved in 
a ~articular ~xnerirnent ~ill be left to you. ~his will reouire 
botn stuc•y and thou6 ht, both Lefore you come to t:.e la!::orator? (in 
terDs of vh~t the ~xperimcnt is about, referrin~ to texts, fiirn 
~-O?ps_, etc) un? ·,;hile you a.re in the labora.::'.J"?"v-(:i.n terric, of t11e IT'Ost 
suitaole exp 0 r1mental set-up, etc). So that vcu ~i~\t evaluate vour 
und~rstandinb of a~y ~arti~ular exoeriment anf the ihecry relate~ 
to it, a _set of sucsti?n~ J.s p:rovicled in the annendi:z. Hhere any 
further theory, in arldi -::1.on to that reouiY'ed to unders-cand an 
experiment, is expected to be understo;d as part of this course, 
specific reference t0 this -...·ill be r~ade. 

Tests and the end of ve<lr exanination in this cour~e will 
consist of theoretical caDe:"'3 which 1-:ill involve auestions r'c!lating 
to the course ai1r.s ( for· e~c1rn:ole see p .17 1~). Ir: ?articular, q·1esti~ns 
will relate to results obtained, conclusions drawn, knowledge of 
backsround theory, and the use of theory anci a~~aratus in scecific 
situations you will have ~et in this course an~-also in sit~ations 
which mav be novel to vou. The examinations are ooen book exams to 
which yo~ should bring.this book, your laboratory ~otebook and 
your textbook. Details of your experimental orocedures, yoLr 
results, conclusions etc. should be fully recorded in your notebook 
as you will need to refer to these during the examination. (See 
page 3 for further details.) 

Each experiment is designed for a six hour laboratory session. 
If you are well prepared before you come to the laboratory about 75% 
of the time available will be used in settinr up your apparatus and 
obtaining results. The rernaintne 25% of the laboratory session 
time should be used in analysing and evaluating your results. If 
you have time you shou~d proceed with the additional work at the 
end of the experiment. Although this work may be helpful, it will 
not be directly examined. While it is honed that vou will be able 
tc learn, study and experiment without much help from the laboratory 
demonstrators, if you feel that you are making no progress ~i~h a 
oarticular ascect of an exoeriment do not hesitate to seek advice. 
time in the l~boratory is ioo valuable to waste. 

In each experiment, nurmally one section is marked by an 
asterisk and ofte~ involves an open ended investigation. Ernnh~sis 
should be given to a thorough investigation of all <lspects oi this 
section with careful consideration to the planning of your experiment 
and to the interpretation of your results. 

We hope that you find the course both challenging and 
stimulating and that you gaiP satisfaction in searching for an 
understanding of physical phenomena. 

2 
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D.3 Typical experimPnt7vith objectives annotated 

Polarisation and Diffracti.on ----------------------------
11.0 Introd•.1ct ion 

r ~)) '!' ray, X-rays, Ultra-violet, L~ght , Infra red rays, Microwaves, 
H;.J and Rach.a waves arc .:i.11 elcctromar,net1.c waves (Alonso and Finn, 

. Ch.24.B).~ They differ in wavelength, from y rays (10- 1 ~ m) to radio 
J[(C) waves (10 m), and in the way they are produced, used, and detected, 

The properties of waves in general,and electro-magnetic waves in 
particular,can be studied very conveniently with microwaves which have a 
very suitable wavelength (A= 3cm) for work in the laboratory. Micro­
waves for example show all th~ phenomena characteristic of light but 
with the enormous advanta~e that fine scale effects, such as diffraction, 
(which are difficult to observe with light) become "gross" effects. 

The source of microwaves is a klystron. This device consists 
of a resonant cavity in which bunches of electrons are made to 
oscillate. These oscillations result in the production of electro­

I(c)magnetic radiation which have maximum intensity when the frequency is- at 
the resonant frequency of the cavity. 

The radiation from the klystron is emitted through a horn, which 
produces a re~sonably well collimated beam. The waves are detected 
by a crystal diode mounted at the end of a second horn. The meter on 
the detector indicates, in arbitrary units, received beam intensity. 

Set up the transmitter (oscillator) and receiver (detector) about 
50 cm apart both in the upright position so that the klystron in the 
transmitter and the diode in the detector are both vertical. So that 

Ji}'/ou may hear the detected signal the transmitted signal can be mo<;Iulated. 
L0 Set the internal modulation of the power supply to 10 00 Hz and adJ ust 

the reflector voltage for m~xirnum microwave intensity. (The meter 
on the receiver should show almost maximum deflection when positioned 
at Pin the diaBram below.) 

-,--------50cm 

c::(} =:::: ~ -
Transmitter -- --

xi 

---k -- -- ----
Fig.I 

I -- --·--~ 
Notice the variation of beam intensity with angle of emission, 

~. (No measurements need be recorded.) 
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PART A 

Polarisation (Alonso & Finn, Ch.2j.6, 26) 

The klystron produces a monoci1romatic wave which is plane polar­
ised, The plane of polarisation, the plane in which the electric 
field osci~latcs, i~ ~ertical whe~ the transmitter is operated in its 
usual (upright) position. The diode detector responds only to the 
component of the electric field in the vertical direction when the 
receiver is in its normal (upright) position. 

I (s) 
I (c,) 

1iI (6) 

JJ[lf1-F) 

Tl {e) 

JJl (£1) 

R (£,) 

1Y (f) 

T (6) - \, 

I (C) 

i) With the detector at P, investigate and exnlain the effect 
of rotating the transmitter horn about the iine • j oinin:r it and 
the detector horn. What relationship do you expect b~tween 
received intensity ,1nd rotated angle? Attempt to experimentally 
verify your hypothesis by plotting a suitable graph of received 
intensity versus whatever function of rotated beam angle you 
consider will produce a linear relationship (sin 8, cos B, 
cos 2 0???). Why rotate the trunsmi tter rathEr than the detector? 

ii) With the oscillator and detector set up at P with diode 
and klystron both vertical, place the screen of parallel wires 
about 3 cm in front of the receiver. Predict how the grid will 
affect the microwave beam when the wires are (a) vertical, 
(b) horizontal. 

Rotate the grid about the line joining the oscillator and 
detector noting variation in beam intensity, Do you find the 
result to be as you predicted? Since the electrons can move 
only along the wires (assuming the wires are thin) they can res?ond 
only to that comoonent of an incoming wave which is polar~sed with 
the electric field in that direction. The electrons oscillate in 
response to such a component and in doing so re-radiate. The 
result is that the radiation is almost entirely reflected. 

0 . . • • • r~ iii) Ro~ate the oscillator 45 w~th ~espec! to.th~ lin~ Joining 
li(6) the oscillat<;>r und. dete~tor, _ With~ l,he gri~ w~res horiz<;>ntal. 

Ii) compare the intensity or the transm~tted wave w~en the diode is 
tf.{ (a) vertical (b) horizontal. Can you explain your results? 
"YI(B) , 
1(8)~iv) Rotate the oscillator through 90° from its ver!ical position 
I') so that the diode and klystron arc mutually perpendicular. 

f Rotate the grid slowly about a line joining transmitter and 
J!l~) receiver. Can you explain your observations? 
W.(8) 
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! (A) 

I(M 
I (f) 

N(6) 
IF (C) 

Ti(F) 

11.2 
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v) The plane of polarisation of E/M waves may be rotated by a 
substance which is "optically active". This is discussed in 
Alonso and Finn, Ch. 26 .10. "Optical active crystals" for the 
microwaves arc provided. Determine, using the microwaves, 
whether each crystal is dcxtro rotatory or levo rotatory and 
estimate the angle O throu8h which the plane of polarisation 
is rotated by the crystal, per unit length. 

=<] 
05cillator 

-~~ 

Ok 00 00 ale o 

"Optically active" 
crystal 

Fig. Ill 

[>= 
Detector 

Determination of the Wavelcnr;th of the Microwaves- - the Michel"son 
Interferometer (Alonso and Finn, p. 95) 

A microwave·ve~sicn of the Michelson Interferometer can be made 
t with two metai reflecto~s and a partially reflecting hardboard sheet. 

1fL'8)Arra.nge these as in the figure below. 

Oscillator 

----n---- Metal plate 
II 
I I 
II 
♦ I 
It 
II 
II 
II 
II 

------+--------
1 
I 
I 

1 i2 
I 
I 
I 
I 

Fig.IV 

(mirror) 

Detector 

Metal plate 
(mirror) 

Move one of the mirroI'S forward slowly. The received signal at 
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the detector will pass th!'ou.gh maxima and ·minima corresc>onci:,g to 
constructive and destructive interference of beams l an~ 2, i; the above figure. 

Carefully align the apparatus for maximum contrast b~tween maxima 
and minima. The distance between t~o adjacent oositions of the mirror 
which produce maximum (or minimum) receiver inten~ity is, } . Use the 
apparatus in the best way oossible to obtain an accurate measurement 
of the wavelength of the microwaves. Estimate the error in your result. 

Alternatively, if the wavelength is known the distance the metal 
plate has been moved can be accurately determined. This principal 
is made use of in the ootical Michelson Interfe!'ometer where small 
distances can be measur~d accurately in terms of the wavelength of light. 

The use of the interferometer in the Michelson-Morley experiment 
is discussed in Alonso and Pinn, Ch.6.8. 

11. 3 Diffraction 

i) Fraunhofer Single Slit Diffraction (Ch.29.3) 

Oscillator 

.T[AJ l 
Il8) J 

I(8) 

T~) 
Ill (E) 
Jr(F) 
N{fl) 

120 

Fig.V 

• " l. t II a sin le slit using two metal plat~s_with_a s_ i 
Set ~p ~ r· V) If you are unfamiliar with tne between tnem (as in ig • . · d he film loop 

diffraction pattern from a single sli}~stu ~ht29 3 
(M.12) on the subject and Alonso and inn, • · · 

h v length obtained in 8.2 and the 
Use your value oft 7 waaeslit width whlch will produce a 

theory of Ch.29.3_to pre~ict . one which includes some suitable diffraction pat!ern, i.e. 
positions of zero intensiTy (b > A). 

• • th gle e. Determine N t • e the variation of intensity w: an_ and compare.with 0 ic • • of zero intensity carefully the angular positions 
theoretical predictions. 

ii) • around an object set up the To investigate diffraction 



]f(ei) 
]l (F) 

r (!!> 

I@J 

I®) 
I@) 
I(c) 
Ji:@) 
w (f) 
fl. (B) 

circular metal disk as shown in fig VI.· 

<J 
Oscillator 

Fig.VI 

30cm 

8cm radius 
Disk 

I 
I 

[)~ 
1Detector 

I 
I 
Ix 
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Investigate the variation of the beam intensity with position 
along XX'. Do you find your results surprising particularly in the 
region directly behind the disk? Can you explain your results? 
(See Alonso and Finn, Fig 29.25) 

Film Loop Reference: M.14 - Diffraction around objects 

PART B 

11.4 Standing Electromar:netic Waves 

Read Alonso & Finn Ct. 28,5. 

To study standing 'waves set up a metal plate and oscillator 
as shown in Alonso and Finn Fig. 28.22. To detect the standing 
wave it is e~~sential to use the omnidirectional probe ( connect it 
directly to the loudspeaker) rather than the horn detector. Why? 
Verify that the amplitude of the standing wave has maximum and 
minimum values at the points predicted by theory,near the plate. 

11.5 Fresnel Half Period Zones 

Study carefully Alonso and Finn, Ch.29.7 

Set up the Fresnel half period zones about lm in front of the 
oscillator, as shown in Fig VII . (If a probe detector is available 
use this to determine the intensity at point, P, rather than the horn 
detector.) 

I I 
I 

~~-------lm----~1 I 

I Fresnel 

Fig. VII 

r, .......... 
ph ..__, 

f--1 --.J I .,,..,.,,.. 
"' i Detector 

ro • 
Zone Plates 

121 



1(1) 
rm 
I~) 

JlI(A) 
§B 

• With the centre zone o~ly removed a maximum of intensity is 

obtained at a distance r 0 = T behind the plates. With the 

dete~t~r positioned at this point remove in iurn each of the 
remai~ing_plates. Is the v~riation of the received intensity 
(qualitative only) as you might intuitively expect? 

For example, notice the change in intensity when in addition 
to the removal of the central zone, (a) the second zone, or 

(b) the third zone is removed. 

With the help of Alonso and Finn try to explain these 
effects. Try to predict whether the intensity wiil increase or 
decrease when certain zones or combination of zones are removed. 
Chee~ your predictions experimentally. • (As an understandine of 
the idea of Fresnel zones only is required no qualitative results 
are required.) 

*11.6 Bragg Scattering 

Study carefully Alonso and Finn, Ch.29.9 which deals with 
Bragg Scattering of X-rays by crystals. 
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With microwaves we are able to set up an analogue of this experi­
mental procedure using a "crystal" consisting of aluminium spheres 
mounted inside sheets of plastic foam (which are transparent to micro­
waves). This analogue is possible as the ratio of crystal molecular 
distance to the wave-length of X-rays, corresponds to the ratio of the 
distance between aluminium spheres to the wavelength of microwaves. 

Carefully set un the lenses, detector and oscillator as in Fig VIII 
to obttiin a parallel beam over the turntable and maximum beam intensity 
at the detector. 

Lens 

Fig. VIII 

Detector 
lens 

Place the "crystal" on the turntable so that the longest edges 
of the "crystal" are vertical. Rotate the crystal ;_i.s slowly as 

][~)possible using the motor. With the turntable rotating slowly, 
~ rotate the detector-lens system and use the loudspea~er to locate 

maximum intensity peaks in the reflected beam (see Fig IX). 
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Fig. IX 
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J 
.1 . When the first positi<?n 20 is found which gives maximum intensit 

10) pe~s ! stop th e motor and adJ ust: by hand for true maximum intensity . Y 
~osition. Use the Bragg's equation to calculate the probable distance 

I~ ~etwe~n the planes of the spheres (assume n = 1 for the first maximum 
anf not1.~e carefully the plane in the crystal which is "produ~ing" the 1 

l"'e lectea beam). · 

Fig.X 

li~ Assuming the spheres are regularly spaced as shown, use your first 
N~ result to hypothesise on other positions of the crystal and detector 

syste1.1 which Hill gi vc a strongly scattered beam. Check these 
Y 0) experiment.:i.lly and he.nee try to confirm the position of, and distances 
J1 ({3) between, spher~s in the crystal. (Establish, for example, if the 
:£Uc) distance between planes parallel to AD is the same as the distance 

~ between planes parallel to AB.) 
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To inv~s!igate the distance between· "horizontal" pla•1es in the 
crystal reoos1.t1.on the C""''stal so t'-1e "longe"'t" d 1 •• • ·1 d • . _ ~ 7 ~ • ' ., e ges are 1•:::>r1zonta 
an r~peat th e abo':'e analys1.~. Bence combinin[; your results try 
to r:ach a c~nclus1.on rega~ding the three dimensional structure of 
the . crystal • ( Introduce into the analysis as many crossch•,icks as 
possible.) 

Film Loop Reference: M.6 - Bragg reflection of waves 

11.7 Interference (Alonso and Finn, Ch.28.2) 

~ 
Fig.XI 

Set up a double slit as shown :i.n the diagram. If you are 
unfamiliar with double slit interference patterns, study the first 
part of film loop H.13. The position of the nth nodal line, is 
given by 

sin 8 = (n - ½)>.. 
a -I 

Adjust the slit width to obtain a suitable interference pattern 
i.e. one which includes at least one pair of nodal lines. Predict 
the position of the nodal lines using equation I. Are your predictions 
correct? 

I0)} What effect should the slit width have on the interference 
1 (B) Refer Alonso and Finn, Ch. 2 9. 5. 

I~J 
Film Loop Reference: M.10 - Interference of Waves 

pattern? 

M.13 - Multiple Slit Diffraction 

Additional Work 

11. 8 Reflection 
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(i) Total Internal Reflection. 

Set up the two horns as shown, so as to obtain total internal 
reflection from a prism face. 
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~ecto, 
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Bring up a second prism, as shown by the dotted outline, with a 
face close to the prism face at which total internal reflection 
occurs. Measure the strength of the received signal as a 
function of separation between the two prisms. What is the 
intensity distance relationship when the distance is between 
zero and one wavelength? 

This phenomena, sometimes called "frustrated internal 
reflection'', is analogous to the quantum-mechanical effect known 
as the "tunnel effect", whereby a particle leaves a radioactive 
nucleus passing through a potential barrier. 

How close would two glass prisms have to be for 50% trans­
mission of light? 

Film Loop Reference: M.5 - Barrier Penetration by Waves 

ii) Lloyds Mirror 
. Set up a microwave analogue of Lloyd's Mirror and use it 

to determine the wavelength of the microwaves. 
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D.4 Example of self-evaluation questions 

ExEeriment_ll 

·r(&) 1. What is meant by 'the microwaves are modulated by a 1000 Hz 
signal'? 

2, A microwave transmitter and detector are both vertical (see 
1f(rl)Exp 8) and the received intensity is I 0 • If the detector is 

rotate? through 45° ab<;>ut the transmitter-detector line what, 
according to theory, will be the received beam intensity? 
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3. In a sinele slit diffraction experiment a student is unable to 
ll(c:-)locate any positions of minimum intensity. The slit width is 2 cm. 

Can you make any statement about the wavelength of the waves? 

K(Fj4, In a diffraction experiment a student locates the first minimum 
at 40° on one side of the central maxima, and at 50° on the other side 

Y ~)of the central maxima. The width· of the slit is 3 cm, what is the best 
estimate for the wavelength of the microwaves? 

5. A mirror in an optical Michelson Inteferometer is moved through 
0.233 mm. 792 fringes (minima) are counted. What is the wavelength 

JJ(ll)of the light? 

6. In a 3 cm Bragp: scattering experiment a 'crystal' was used where 
the distance between suheres was 4 cm. What values of 6 would you expect 
for peak· reflected intensity, from the planes parallel to 

i) AB 

ii) BD (see figur'e in Section 11.6) 

7. In a double slit interference pattern the distance between slits 
]t)is 3 cm. If the wavelength of the microwaves is 1 cm at what angular 

positions would the nodal lines be found? 

~8. Describe how you might use the apparatus of Exp. 11 to find the 
N~Jsrewster Angle for microwaves incident on paraffin. 

\ 
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D.5 Typical test and examination questions 3ll-

Ty[ic~l_Test_ and_Exami~atio~-Q~£~!!2~~ questions may be long 
q\1cst1ons, s:-iort questions or multiple choice. These qu2stions have 
been selected from the short question section of finals. 

Understandinp of Theory Csee aim (i) page 1) 

Hi th rer;ard to the ohotoelectric effect (Exp 12) w,1at effect 
should the lip:ht intensity have on the enerr;v of the emi ·:ted electrons, 
according to Einstein's theory of the photoeiectric effect? 

Experimental Work I (Planning LXperiments) (see aim (iii) page 1) 

If two mar,netic pucks could be designed for the air table so 
that they attracted each other and the inverse sauare law applied to 
their force distance relationshio, satellite motion could be.studied 
on the table by fixin8 one mar;netic puck. Explain how you would 
attempt to verify Kepler's second and third laws. How could a log-
108 graph of suitably collected data be used to advantage in verifying 
the third law? 

Experimental Work II (Results and Conclusions)(see aim (iv) page 1) 

Draw a graph to disolay your results for power transferred to 
an external circuit (Exp 2.2) as the total resistance in the external 
circuit is varied. On your graph write down the theoretical relation­
ship between internal resistance of the power supply, r, and the 
external resistance, R, for maximum power transfer. Compare your 
experimental results with theoretical predictions. 

~plication of Theorv (see aim (i) page 1) 
A mar,netic puck is deflected by a fixed mar,netic puck on an 

air table. The deflection is shown below. 

The impact parameter is 2 cm, and the distance of closest 
approach to the centre of the puck is 6cm. Assuming the pucks_c~n 
b: tr:ated as point ~asses, t~r forces a:e cent~a~, and the ?riginal 
kinetic energy at Bis 8 x 10 J and Ep is ~egligibl7,determine the 
potential energy in the system when the moving puck is at A. 

Analysis of Assumptions and Approximations (see aim (ii) page 1) 

that 
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In the theory of electron diffraction the assumption was made 

i) the distance, L, from carbon to screen was constant, 

ii) e was sufficiently small so that sin 0 = e. Discuss 
each of these ooints stating whether you consider these 
assumptions we~e justifiable or not. Support your conclusions 
with your own experimental results. 



APPENDIX E 

OBJEC'l'IVES AND TEACHING 
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Chapter 6.2 considered the different learning activities in the 

course and their relationship to the course objectives. This section, 

conversely, will consider each objective in turn and consider its 

relationship to the teaching and learning experiences in the course as a 

whole. 

Objective I(A) Develop the ability to extract information (from 
scientific literature) 

In the theoretical course the development of this ability cannot be 

considered in isolation from the assessment procedures. If all tests and 

final examinations are open textbook examinations (and some questions 

relate specifically to the ability of the student to extract textbook 

information), and if lectures are given primarily as a means by which 

students can better comprehend their textbook, then, hopefully, students 

will come to gain confidence and ability in the use of reasonably 

sophisticated published material. 

Unlike most practical courses, the theoretical ideas and details 

required for experimental work were not detailed in the guide to the 

experimental course (Osborne, 1974a). Rather students were referred to 

their textbook or other reference books to be found in the laboratory. 

Therefore in this way also their ability at extracting information for 

themselves was hopefully developed. 

Objective I(B) Develop the ability to interpret information, particularly 
to interpret mathematical and graphical descriptions 

Both lectures and experimental work were directed towards the 

comprehension of ideas and the translation of the observation of physical 

phenomena into verbal, graphical and mathematical forms. (For example, 
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the motion of a damped pendulum ca."1 be described ve~bally. It can also 

be represented; graphically as a position-time graph, by a phaser of 

decreasing amplitude, or by a mathematical equation.) Lectures tended 

to emphasize the interpretation of mathematical descriptions, and to 

show how physical relationships could be concisely and unambiguously 

expressed in mathematical form. Certain experimental work enabled 

students to consider particular cases of mathematical relationships in 

dEp 
depth, e.g., F (x) = ·- -- in Experiment 6. 

dx 

Objective I(C) Obtain an understanding of the facts, principles and 
theories of physics (as specified in the courses) 

This was the prime objective of both lectures and experimental work. 

Experimental work provided opportunities for students to understand 

specific concepts and to comprehend specific examples of principles and 

theories. The lectures, on the other hand, provided more opportunities 

for students to develop an understanding of the generality of the 

principles and of how relationships and laws could be derived from 

fundamental principles. 

Objective II Application 

Problem solving was emphasized by worked examples in lectures, and 

in the evaluation sessions, multiple choice and longer problems were 

attempted by students and then discussed by the lecturer. Problems were 

also specified for self study in lectures and in Experimental Physics 

and further consideration of these was given in tutorials if students 

asked for assistance. To help students further a booklet on the 

techniques of problem solving was written specifically for the first 

year courses (Pepper, 1974). The distinction between the three objectives 

under Application tended to be more useful for testing than teaching. 

Objective III(A) Develop the ability to critically analyze problem 
situations and evaluate information 

While certain aspects of lectures, evaluation sessions and 

experimental work encouraged students to consider problems and information 
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critically, tutorial discussion questions were designed to specifically 

develop this objective. Beard (1971) and others suggest that discussion 

may well play an important par1: in the development of critical thinking. 

The most useful discussion que~;tions were those that were sufficiently 

"straightforward" for all students to make a contribution to the 

discussion while sufficiently "complex" to provide a challenge for the 

best students (e.g., Discussion question 1, Appendix c.3.) similar 

sessions to achieve this and other aims have been reported by Black 

(1974). 

Objective III(I3) Develop a critical attitude towards, and an ability to 
analyze, idealizations, approximations and assumptions 
in physical theories . 

. Some emphasis was given to this objective in lectures by pointing 

out the assumptions made when deriving a relationship. However, it 

became apparent that an over-emphasis on this objective in lectures 

tended to confuse the weaker students attempting to grasp the basic 

concepts. A teacher needs to over-simplify initially and then consider 

the finer details and complications later, as Frisch (1974) suggests. 

For this reason this objective was not categorized as simply "knowledge 

and comprehension". Compared with the theoretical course, a greater 

emphasis was given to this objective in the experimental course where 

students were often expected to compare theoretical predictions with 

experimental observations. This required a critical appreciation of the 

limitations inherent in the theoretically derived results. One of the 

early experiments in the experimental course (Osborne, 1974a, Experiment 

1, Part B) deliberately encouraged students to develop a simple theory 

initially and then to reconsider the theory when it was found to be 

inadequate. (This was novel.to many entrant students who seemed to have 

developed the idea that theories were always "correct" and their 

experimental results always "inadequate".) 
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Objective III (C) Develop Em lmderstanc'lj ng, and appreciatio11, of some 
of the nwjor themes and unifying· :::=oncepts of physics 
(including the relationship between fundamental 
principles and derived laws) 

Like Objective III(B), this objective is closely related in teaching 

to Objective I(C). (Objective III(B) is appropriately emphasized in the 

experimental course, while Objective III(C) is more appropriately 

emphasized in the theoretical course.) However, it was considered that 

the synthesis of the major themes and unifying concepts follows from a 

comprehension of the laws and principles. For example, students first 

comprehend Newton's three laws and the conservation of momentu.,u and 

later become aware that, in a rather arbitrary way 1 two of these 

principles can be viewed as basic and the other two derived from them. 

Also it is necessary for a student to synthesize his own view of the 

structure of the subject and to build and rebuild this framework as 

he acquires new knowledge. Undoubtedly considerable guidance and 

assistance can be given in teaching to the synthesis of an acceptable 

framework. As a considerable amount of the content had been introduced 

at the seventh form level, greater emphasis was given in lectures to 

this overview than might normally be expected in a physics course. 

Further, the textbook (Alonso and Finn, 1970) presents a unified view 

of physics which is undoubtedly helpful in achieving this objective. 

Objective IV(A) Develop the ability to propose tentative ideas, and 
working hypotheses, and make logical and testable 
predictions 

Scientific inquiry is a cyclic process and Objective IV(A) is closely 

associated with making conclusions from experimental results (Objective 

IV(F)). Proposing a possible reason .for a systematic discrepancy between 

a theoretical prediction and an experimental observation is one aspect 

of Objective IV(A) (for example, see Appendix D.3, Experiment ll.3(i)). 

Also students were expected to propose tentative ideas during experimental 

work (ibid, Experiment 11.6). Students were also encouraged to propose 



tentative relationships between variables and then to test their 

hypotheses by graphical analysis (e.g., ibid, Experiment 11..1 (i)). 

Undoubtedly the situations considered were very simple, but the 
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students' limited store of requisite knowledge restricted tl:.e complexity 

of the exercises. To encourage the students to achieve this objective 

it is important to engender confidence. 

Objective IV(B) Develop the ability to translate problems into 
experimental operations 

To gain practice in achieving this objective students ideally should 

be given as little guidance in setting up the experimental situation as 

possible. However, there is a fine line between giving sufficient 

guidance for students to function adequately, and a "cookbook" approach 

to experimental work. In the experimental course the increased range 

of ability of a pair of students (normally paired on a basis of 

dissimilar backgrounds) enabled less guidance to be given than might 

have been required had students attempted the experiments individually. 

Also one of the demonstrator's main functions was to ensure that 

assistance was available when necessary. Much of the equipment was 

deliberately unlabelled and not set up in any way. 

Objective IV(C) Develop the ability to make useful and reliable 
observations 

This objective is closely associated with Objective IV(B) and again 

the question is, how much guidance is desirable? Presumably two 

alternative teaching strategies are possible; 

(i) to provide very specific details of precisely what measure­

ments are to be made in the hope that students will learn by 

example (e.g., measure the distance moved by the mirror from 

a nodal point to the 21st nodal point. Repeat three times, 

average and hence determine the wavelength), 

(ii) to encourage students to struggle with the problem themselves. 

(e.g. "use the apparatus in the best way possible to obtain an 
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accurate measurement of the wavelength" (Appendix D.3, 

Experiment 11.2)). 

'l'he second approach was ui::ed wherever possible and students were 

encouraged to discuss their ideas with the demonstrators. 

Objective IV(D) Develop the ability to keep adequately detailed and 
organized records of experimental work and to be able 
to extract information from these 

As stated in detail in the introduction to Experimental Physics 

(Appendix D.2) students were encouraged to keep adequately detailed and 

organized records of experimental work and the information in these 

records were used by students in tests and examinations. Hence students 

were motivated by the necessity to keep useful records for subsequent 

reference rather than to meet some explicit standard required by a 

marker of that record. As in Objective IV(C), specific guidance and 

explicit requirements were replaced by a situation where a student was 

encouraged to develop his own style. 

Objective IV(E) Develop the ability to analyze experimental data 
mathematically and graphically 

Students were introduced to the technique of experimental data 

analysis gradually, as it was required by experiments. However, 

Experiment 1 specifically aimed to develop an understanding of an 

analysis of errors and a detailed introduction in Experimental Physics 

(Osborne, 1974a, p.5-19) was included for reference. It considered both 

error analysis, and graphical analysis (including log-log and semi-log 

graphs). 

Objective IV(F) Develop the ability to draw valid conclusions from 
observations and data 

While many experiments were primarily designed to enable students to 

comprehend physical phenomena and principles from first hand experience, 

students were also asked to find out how the experimental observations 

compared with idealized t~eoretical predictions. This encouraged 

students to consider possible mistakes, random error and systematic 



errors involved in the c~~perimental situation being considered. 

Objective V Orientation 
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The orientation objectives are closely associated with Objectives 

III and IV. While these objectives have to be considered in the context 

of specific situations and require an appropriate knowledge of physics, 

Objective V emphasizes that from such examples students should become 

more aware of the nature of physics-an awareness that is somewhat 

independent of their more detailed knowledge of physics. The attitude 

of lecturers and tutors to their subject will undoubtedly result in a 

student appreciating how physicists view their subject. The emphases 

on Objective I(C) and III(C) in the theoretical course and also III(B), 

IV(C) and IV(F) in the experimental course were expected to lead to an 

increased awareness in students of the function and limitation of 

physical laws, of the relationship between experimental observation and 

theory, and of physics as creative, ongoing, tentative and unfinished. 

Objective VI Attitudes 

Because it was assumed that only the most mature student will 

differentiate significantly between his attitude toward a discipline 

and his attitude toward his experiences with the course activities in 

that subject, emphasis was placed on ensuring that at least the majority 

of students found "physics" reasonably satisfying. Further, one or two 

"interest" lectures covering non-examinable topics were included in the 

lecture programme. In addition, the learning aids room was expected to 

provide experiences designed to develop positive attitudes through a 

wide variety of film loops, short articles from journals, and so on. 

However, it seems likely that informal personal interactions with 

academic staff, research students and technical staff were at least of 

equal importance in the development of attitudes. 



Objective VII(A) Develop the ability to ma:ninulate, and use; the 
mathematical language of physics 

Vector algebra, line integrals, surface integrals and so on were 
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taught in lectures as required. Problems and tasks in the ,experimental 

course as well as in the evaluation sessions, encouraged the development 

of manipulative skills. Analysis of experiments and error tables, 

provided opportunities to develop arithmetic skills (manipulating 

numbers and assessing orders of magnitude). 

As an example of the relationship between the objectives and an 

activity based programme, the perceived potential within the activities 

of Experiment 11 to develop particular objectives has been annotated 

alongside the activities (Appendix D.3) and alongside the self evaluation 

questions (Appendix D.4) for that experiment. 
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APPENDIX F 

TYPICAL END-OF-YEAR SURVEY SHEET (1974) 

UIIIVJ:RSITY or WAil<ATO 

rir-st Year Phv~ics - End of Year Survev 

General (both courses 73.101 and 73.102) 

Your backeround in Physics was 

A. None B. 6 forr.1 c. 7 form o. Attempted 73,101 (73.102) in 1973. 

Answer 
2. A list of the possible ways in which you have learnt physics this year are 

A. lectures B • tutorials C. laboratory studies D. evaluation sessions 
E. informal study and discussion with friends r. self study. 

Which of the above (or combination of the above) do you consider the most effective learnin~ 
environment for the followine aspects of physics: 

(i) 

(ii) 

{iii) 

(iv) 

(v) 

To 

To 

To 

To 

To 

obtain 

learn 

learn 

learn 

learn 

a 

to 

to 

how 

how 

basic underst:andinp, of the principles of 
solve problems 

think critically about physics 
to plan experiments 

to analyse experimental results 
(vi) To develop an anpreciation for the nature of physics 

(vii) To develop an interest in the study of physics 

~ 73.101 Theoretical Phvsics 

physics 

. " .... 
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Do you consider the work load (time to understand the text and to do problems) expected of you in 
this course (73.101) 

2, 

3, 

A. 
c. 

Did 

Hore than any other course B. 
Above average D. Average 

you find the pace of the lectures 

Hore than any other course, apart from 73.102 
E. Less than average 

Answer•••••• 

A. Too slow B. About right c. Occasionally too fast D, Too fast at all times 

Answer 

Have you found the content of the lectures 
A. Very difficult B. Difficult C. Average 

Do you consider the text of Alonso and Fin,1 

A. Very difficult to understand B. Difficult 

D. tasy 

C. Of a reasonable standard 

Answer •...•. 

D. tasy 

Answer 
S, How would you describe the text 

A. 
D, 

Very interestinr, and helpful 
Boring 

B. Informative and interesting C. Informative but dull 

Answer 
6, How do you rate the difficulty on average of the content of the following sections in the course 

73.101 

7. 

Kinematics (RJO) Ch 1-6 

Dynamics (RJO) Ch 7-12 

Fields (ARP) 

Fields (BSL) 

Waves I (BSL/RJO) Ch 23, 2~, 26. 

Waves II (RJO) Ch 27, 28. 29. 

Very 
Difficult 

Have you found the suggested problems in Alonso and Finn 

A. Impossible B. Difficult C. Of a suitable standard 

Difficult Average Easy Very 
Easv 

D. Easy Answer .....• 

8, Have you attempted 

A. Orily a few of the problems suggested B. Host of the problems sugp;ested 
C. All of the problems suggested D. Hore than the number of problems suggestedAnswer 

9. If you have trouble with problems is it usually because 

10, 

A. You cannot understand the question B. You cannot: see how to start the problem 
C. You cannot solve the equations you write down D. You soend considerable time tryinF, tor.et 
agreement between your answer and the answer in the back of the book. Answer 

Do you consider tutorials should be held 

A. Hore frequently B. As at present C, Less frequently D. Only in the third term 

Answer 

11, Do you consider tutorials 

A. Usually helpful e. Useful only if you have questions to ask C. A waste of time 
Answer ••..• PT 0 



321 
12. Do yau !ind the discuzsion que~tion~ ~d the ~ssoci~ted tutorial discu~sicns 

13, 

15, 

A. Interesting, worthwhile and/or ~timulating B. Reasonably inter-esting and useful 
C. Inte::-esti.ng occasionally D, 0£ little use, or interest E. A .waste of time 

Answer 
Do you find the evaluation lectures (Monday or Thursday) 

A, Extr<,mely helpful 8, Very helpful C. Usefl.:l 
E. A waste of time D. Occasionally helpful 

Answe.r 
Do you consider the summaries of the chapters (Thursday) 

A, Very helpful and worthwhile B. Useful C. Occasionally useful 
E. Useless 

Do you find the multiple choice questions given in evaluation sessions 

D. Too brief 

Answer 

A, Very helpful and worthwhile 8. Useful 
D, Occasionally useful but usually too easy 

c. 
E. 

Occasionally useful but usually too hard 
Useless 

Answer 

Have you any other constructive comments on 73.101, £or example re lectures, evaluation sessions, 
tutorials? 

73,102 - Experimental ~hysics 

1, Do you consider the work load expected of you in this course (73,102) 

A, More than any other course 8. Hore than any other course apart from 73,101 
C, Above averar,E: D, Average E. Less than averap;e >.nswer 

2, The experiments in this course were 

Exp 1 
2 
3 
lj 

5 
6 
7 
8 
9 

10 
11 
12 

Dart board and errors 
D.C. circuits 
Air track dynamics 
Air table dynamics 
Cathode ray tube 
Air table and fields 
Slow a.c. 
Magnetic fields 
Ultrasonic waves 
Optics 
Microwaves 
Spectra, Photoelectric effect, Electron diffraction 

For each question below, do not list more than two experiments! 

(a) The longest experiment to do and write up was 
(b) The experiment which assumed the greatest back·ground knowledge was 

(c) The most enjoyable and interesting experiment was 

(d) The most tedious and uninteresting experiment was 

(e) The most informative experiment in terms of physics learnt was 

(f) The least informative experiment in terms of physics learnt was 

Exp 

Exp 

Exp 

Exp 

Exp 

Exp 

Have you any other constructive comments on 73,102, £or example re lab book, equipment (specific 
details here where possible), tests, etc. 
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APPENDIX G 

FURTHER ASPECTS OF PROCESS EVALUATION 

G.l Theoretical course 73.101 

During 1970 three lectures were provided each week. In addition to 

the difficulty of the textbook the course was undoubtedly too difficult 

and the work load expected of students too great (see Table G.l{a)). 

Because of this the content in 1971 was reduced somewhat and each third 

lecture replaced by an evaluation session which was concerned with 

reviewing preceding lectures, providing summaries, worked examples, 

demonstrations, and self evaluation questions. Student reaction to 

these evaluation sessions was favourable and has remained so subsequently 1 

(Table G.l{b)). Reaction to the summaries and self evaluation questions 

provided in the evaluation session was equally positive and has remained 

so (Table G.l(c) and (d)). In 1972 printed discussion questions were 

given to students to promote tutorial discussion. By 1974 almost all 

tutorials during the year had an associated discussion sheet. Student 

reaction was again very positive (Table G.l(e)). One result of these 

changes to the course from 1970 to 1974 was that the work load was 

reduced in comparison with other courses (compare Table G.l(a) with 

Table G. l (f)) . 

G.2 Experimental Course 73.102 

One advantage of students working in pairs in the laboratory 

(particularly when the members of each pair are chosen to have different 

background knowledge) is that the experimental guide does not have to be 

'The data of Table G.1 is supported by data from twice-yearly evaluation 
from 1970 to 1974, which for the sake of brevity and clarity is not 
shown in its entirety. 
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Table G.l Student percentage responses in formal process evaluation 
of 73.101. 

(a) Do you consider the workload expected of 
you in this course (73.101) is 

A. more than any other course, 
D. above average, 
C. average, 
D. less than average, 

(b) Do you find the evaluation session 

A. extrerrcly helpful, 
B. very helpful, 
C. useful, 
D. occasionally helpful, 
E. a waste of time, 

(c) Do you consider the summaries of the 
chapters 

A. very helpful and worthwhile, 
B. useful, 
c. occasionally useful, 
D. too brief, 
E. useless, 

(d) Do you find the multiple choice questions 

A. very helpful and worthwhile, 
B. useful, 
c. occasionally useful but ~sually too 

hard, 
D. occasionally useful but usually too 

easy, 
E. useless 

(e) Do you find the discussion questions and 
associated tutorial discussion 

A. interesting, worthwhile and/or 
stimulating, 

B. reasonably interesting and useful, 
C. interesting occasionally, 
D. of little use or interest, 
E. a waste of time. 

(f) Do you consider the workload expected of 
you in this course (73.101) is 

A. more than any other course, 
B. more than any other course apart from 

73.102, 
c. above average, 
D. average, 
E. less than average. 

Percentage Responses 

June 1970 
(N == 80) 

50 
40 

8 
2 

Oct 1971 
(N = 80) 

22 
22 
40 
13 

4 

32 
52 
11 

4 
1 

26 
61 

6 

5 

1 

22 

18 
34 
25 

1 

Oct 1970 
(N == 70) 

84 
9 
7 
0 

Oct 1974 
(N = 80) 

2 
39 
35 
20 

4 

48 
38 

9 
4 
2 

35 
50 

11 

4 
0 

16 
53 
27 

1 
2 

15 

18 
31 
36 

1 
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written dcwn to the level of the student with the weaker background. 

Nevertheless the provision of sufficient but not excessive information 

for students in a guide is difficult, and feedback was obtained from 

students on this point (see Table G,2). The 1972 response was 

considered satisfactory. 

The significant timetable difference between the experimental course 

and the laboratory work in other first year courses, was that laboratory 

sessions occurred fortnightly (3 hours one afternoon and 3 hours the 

next morning with the following week free) rather than 3 hours each 

week. In 1971 student responses showed a favourable reaction to the 

6 hour laboratory sessions (Table G.3). 

In 1971 self evaluation questions were introduced for each 

experiment. Feedback (Table G,4(a)) showed that students were using 

these questions, primarily for revision. 

Prior to 1972 the total grade for the experimental course was 

derived solely from the results of the open book tests and the final 

examination. Since 1972 up to 5% of the maximum possible marks have 

been awarded for the completeness of the laboratory account as a 

nominal motivational procedure. In terms of the objectives of the 

course it was considered undesirable to raise this percentage, although 

student reaction (Table G.4(b)) showed that the students would personally 

have preferred a slightly greater percentage contribution. 

One of the aims of the experimental course associated with 

Objective IV(D) was to encourage students to write directly into their 

laboratory notebooks rather than to write a final account at some 

subsequent time. "Notebooks" were not to be confused with subsequent 

reports, dissertations or papers that an experimentalist might write 

later from the notebook. (The open book tests and examination somewhat 

crudely simulated this second stage.) Considerable emphasis was given 

to this in Experimental Physics (Osborne, 1974a, p.3) where the 



Table G. 2 Student percentage response concerning the laboratory 
guide, 1971 and 1972 

Percentage Response 

In a laboratory guide the amount of information 
supplied should be sufficient for you to under­
stand what you are ~eant to do, leaving 
opportunity for independent study and invest­
iyation as to the exact theoretical and experi­
mental details. 

Do you consider Experimental Physics is 
A. too detailed 
B. on occasions too detailed 
C. about right 
D. occasionally insufficiently detailed 
E. insufficiently detailed 

Oct 1971 
(N = 80) 

0 
0 

59 
32 
10 

Oct 1972 
(N = 90) 

0 
7 

61 
26 

5 

Table G.3 Student attitude to the six hour laboratory timetable, 
1971 ---

Percentage response to each statement 

Strongly Agree Un- Dis- Strongly 
Agree decided Agree Disagree 

6 hour lab sessions are useful cl.5 they 
allrn, a reasonably undisturbed length of 12 64 13 9 2 
ti1n0 to study one topic in the lab, 

6 hour. lab nessions arc useful in that 
famil.i.,,rity with the <:!pparatus is not lost 

13 52 13 21 2 overnight and this saves time next morning. 

6 hour lab sessions are desirable as 
ilf>parutus can be le, ft set up ovcrni<Jht. 11 65 11 13 0 

ti houJ; lub sessions arc desirable, cl.S they 
provide an opportwii ty for undisturbed 28 45 21 7 0 
pri Vi"tte study during alternate wccks. 

6 hou1: sessions are undesirable <.!.S six 
hour experimental physics in twenty four 5 9 16 52 16 
huurB is too much. 

Af::crnoon/morning sessions are not worth 
while as the overnig,1t break is in~uf .Eic-
iEnt t.im~ to think about what you are 6 12 15 63 6 cloin9 or to write up work done. 

6 hour s2ssions are t.mdesiruble bect!uze 
the unevE.~11 loading of corrJTti t ted hours 7 15 12 52 15 each week is disturbing 
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Table G.4 Student resp?nscs to aspects of formal process 
evaluation of 13.102. 

(a) Do you use self evaluation questions 
to 

A. learn about the experiment before 
doing it? 

B. check on your understanding after 
doing the expe rirnen t? 

c. check on your understanding before 
tests? 

(b) What percentage of your assessment of 
this course do you consider should be 
allocated to your laboratory book 
(5% at present). 

[Please appreciate in answering this 
question that this course is not a 
practical course but involves the 
understanding of theory and experiment 
with regard to a particular topic.] 

A. 0% 

B. 5% 

c. 10% 

D. >10% 

(c) Now that you have had some experience 
of laboratory work which of the 
following methods of recording 
laboratory results do you consider 
the best? 
A. directly recorded into your final 

laboratory account, 
B. recorded into a separate notebook, 
C. recorded directly into your 

laboratory notebook but labelled 
"directly recorded results", 

D. recorded in the back of your 
laboratory book. 

Percentage response 
to each question 

October 1971 (N = 80) 

Yes Sometimes No 

0 20 80 

24 48 27 

78 8 13 

Percentage response 
October 1972 (N = 90) 

2 

36 

45 

14 

26 
42 

17 

14 
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reasons for, and advantages of, such a procedure were detailed. 

Students were individually encouraged by supervisors to write directly 

in their notebooks, and to add mathematical and graphical analyses and 

conclusions to the directly recorded results. However, students 

continued to rewrite their results in many cases and typical student 

opinion is indicated in Table G.4(c). 



APPENDIX H 

SEMANTIC DIFFERENTIAL INSTRUMENT 

(Only Experiments 1 and 2 shown) 

UNIVERSITY OF WAIKATO 

Physics Education Analysis - 1973 

Experimental Course Evaluation 
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The following is designed to investieate opinion on the first 
four experiments in the Experimental Course (73.102). In this analysis, 
please judge the experiments on what they meant to you. 

Each sheet refers to one particular experiment and you are 
asked to judge this against a set of scales like the following 

Exp.1 - Errors 

Awful: __ : __ : __ : __ : __ : __ : __ : Nice 

If you feel that the experiment is very closely associated 
with one end of the scale you might place your cross as follows:-

Microwave Experiment 

Hard : __ : __ : __ : __ : __ : __ :L: Easy 

If you felt that the experiment was quite closely related 
to one side of the scale you might place a cross as shown 

Ultrasonic Experiment 

Precise : __ :L: __ : __ : __ : __ : __ : Imprecise 

If you felt that the experiment seemed only slightly related 
to one side as opposed to the other, you might indicate as follows: 

Water Wave Experiment 

Complex : __ : __ : __ : __ : _1L_ : __ : __ : Simple 

If you considered the scale completely irrelevant or both 
sides equally associated you would check the middle space on the 
scale. 

Optics Experiment·· 

Hot: : : : X: : : : Cold -- -- -- -- -- -- --
Some scales may seem highly irrelevant. Do not let this worry you. 
Give the best judgement you can. There are no right or wrong answers. 
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Experiment 1 - Errors (Da1•ts, Means and standard er;:,ors, 
Measurement of g) 

Enjoyable 

Relevant 

Complicated 

Clear instructions 

Unsatisfying 

Important 

Easy to write up 

Open ended investigation 

Unpleasant 

Worthless 

Lab work difficult 

Approximate results 

Interesting 

Useless 

Many calculations 

Adequate theory 

Exciting 

Uninformative 

Short 

Theoretical 

Mathematical 

Complex theory 

Awful 

Familia1• theory 

Varied 

. . . . . . . . . . . . -- -- -- -- -- -- --. . . . . . . . . . . . -- -- -- -- -- -- --. . . . . . . . . . . . . . -- -- -- -- -- -- --

. . . . . . . . . . . . . . . -- -- -- -- -- -- --
__ : __ : __ : __ : __ : __ : __ 

: : : : : : -- -- -- -- -- -- --. . . . . . . . . . . . -- -- -- -- -- -- --. . . . . . . . . . . . --------------. . . . . . . . . . . . -- -- -- -- -- -- --. . . . . . . . . . . . -- -- -- -- -- -- --. . . . . . . . . . . . -- -- -- -- -- -- --. . . . . . . . . . . . -- -- -- -- -- -- --. . . . . . . . . . . . -- -- -- -- -- -- --. . . . . . . . . . . . -- -- -- -- -- -- --. . . . . . . . . . . . -- -- -- -- -- -- --
. . . . . . . . . . . . -- -- -- -- -- -- --. . . . . . . . . . . . -- -- -- -- -- -- --. . . . . . . . . . . . -- -- -- -- -- -- --. 
. . . . . . . . . . . . -- -- -- -- -- -- --. . . . . . . . . . . . . -- -- -- -- -- -- --. . . . . . . . . . . . . -- -- -- -- -- -- --. . . . . . . . . . . . -- -- -- -- -- -- --. . . . . . . . . . . . . -- -- -- -- -- -- --. . . . . . . . . . . . -------------

Unenjoyable 

Irrelevant 

Straightforward 

Vague instructions 

Satisfying 

Unimportant 

Difficult to write up 

Closed investigation 

Pleasant 

Valuable 

Lab work easy 

Precise results 

Uninteresting 

Userul 

Few calculations 

Inadequate theory 

Dull 

Informative 

Long 

Technological 

Non mathematical 

Straightforward theo~y 

Nice 

Unfamiliar theory 

: : : : . . : : Monotonous ---------------
Adequate apparatus : __ : __ : ___ : __ : __ : __ : __ : Inadequate apparatus 

*NOTE: Open ended - details of e~:periment, and what to do left to 
the student to decide 

closed - specified and detailed instructions, told 
e,:actly wha.t to do. 



Experiment 2 

Adequate apparatus 

Varied 

Familiar theory 

Awful 

Complex theory 

Mathematical 

Theoretical 

Short 

Uninformative 

Exciting 

Adequate theory: 

Many calculations 

Useless 

Interesting 

Approximate results 

Lab work difficult 

Worthless 

Unpleasant 

Open ended investigation 

Easy to write up 

Important 

Unsatisfying 

Clear instructions 

Complicated 

Relevant 

Enjoyable 

- Direct currents 

. . . . . . . . . . . . -- -- -- -- -- -- --
" . . . . . . . . . . . -- -- -- -- -- -- --. . . . . . . . . . . . -- -- -- -- -- -- --
: : : :· : : -- -- -- -- -- -- --
. . . . . . . --·--·--·--·--·--·--· . . . . . . . . . . . . -- -- -- -- -- -- --. . . . . . . . . . . . -- -- -- -- -- -- --
. . . . . . . . . . . . -- -- -- -- -- -- --. . . . . . . . . . . . -- -- -- -- -- -- --. . . . . . . . . . . . -- -- -- -- -- -- --. . . . . . . . . . . . -- -- -- -- -- -- --. . . . . . . . . . . . --------------. . . . . . . . . . . . ---------·-----. . . . . . . . . . . . -- -- -- -- -- -- --. . . . . . . . . . . . -- -- -- -- -- -- --
: : : : : : -- -- -- -- -- -- --. . . . . . . . . . . . -- -- -- -- -- -- --. . . . . . . . . . . . ------------~ . . . . . . --·--·--·--·--·--·--
. . . . . . --·--·--·--·--·--·--
. . . . . . . . . . . . -- -- -- -- -- -- --
. . . . . . . . . . . . -- -- -- -- -- -- --. . . . . . . . . . . -- -- -- -- -- -- --. . . . . . . . . . . . -- -- -- -- -- -- --. . . . . . . . . . . . -- -- -- -- -- -- --. . . . . . . . . . -- -- -- -- -- --

330 

Inadequate apparatus 

Monotonous 

Unfamiliar theory 

Nice 

Straightforward theory 

Non mathematical 

Technological 

Long 

Informative 

Dull 

Inadequate theory 

Few calculations 

Useful 

Uninteresting 

Precise results 

Lab work easy 

Valuable 

Pleasant 

Closed investigation 

Difficult to write up 

Unimportant 

Satisfying 

Vague instructions 

Straightforward 

Irrelevant 

Unenjoyable 



APPENDIX I 

SCHOLARSHIPS PHYSICS EXAMINATION 
AND EXAMINER'S REPORT, 1973 

I.l Entrance Scholarships Examination, 1973-Physics. 

I. 2 Entrance Scholarship Physics (Examiner's Report). 
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I.3 Further analysis of the Scholarships Physics Examination, 1973. 



I.l Scholarships Physics Examination, 1973 

UNIVEHSITIES ENTRANCE BOAHD 

Ei','TH.\i\'CE SCIIOL.\J,SIIIPS EX,\::\f!X.\TIO~-l!li3 

PIITSICS 

['l'imc allowc<l: 7'hrce hours) 

Te11 minutes exti-a allowed fur reading this paper. 

[:-.STl!t.:CTIO!\S: 

The papl'r ton,ists of two compulsory sections: Sect:Jn I arnl Sc•C'lion II. 

~o ch/Jir-c is proYi,l(•,l. Atlenq1t all qut·stions in both s .. ctions. 

Can<li,latcs an· n·co111111<:!Hlcll lo allol'atc their time i11 proportion to tl,c marks allocated. 

:'.llatLcmatiral tables will be prodded. Slide rnlPs may be use<l. 

SECTION J (G5 marks) 

332 

1. Tliis sc<·tiun contains fi,·c questions. Each question is worth 12 111arks except question 5, which has five quite 

spp:,ratc pai·ts and is worth li marks. 

2. GraJ>h ]>aper will he provided. 

3. 'fie your GIL\l'lI P.\PEH securely to your answer book. 

SECTION II (35 marks) 

I. All answers arc to be rerorJcJ 011 the special ANS\\"EH SfJEET prodded. 

2. Except where otherwise imlicate,I you are required to select the best answer from scver:il alternatives. 

Ambiguous ans,n'rs will not be accepted. 

If you consickr b is correct shade thus a C cl 

1 l 11 11 II 
To change your choice from b to c rub out or cross b and shade c thus a b c 

II,¥ ii 
cl 

11 
e 

11 

3. Each question carries one mark. 

4. 'l'ic the ANS\YEH SHEET securely inside the front cover of your answer booklet. 

Turn over 
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SECTIOX 1 (6a, marks) 

l. (aJ .\n <·xll-rna! fo1·cp FExr, is appliL•d to a rigi,1 body, mas.~ .1/, initially at l'<'sl. The force v;i:·i<·s with t:mc 

in rn.ignitu,h• but not in din·,·t ion. Assnmi11g the <'quations 

,I[' 
1-',:xr == 7i( and/'== .l/t·c.1t are trm• for a rig-id bodr 

,d1rn• l'cJi is the Y<'loeity of the C<'nlr<: of rnas.s, show th.1t at time t = T, 

r T Ff:.tr di 
l'r1t = J

O 
--_-1/-- • • - - • • - - - - - equation A. 

(h) In tl11' study of r"tational dynamies of a rii-'.icl b0<ly, :rnak,g-ous <'Xprf'ssim,,; 10 those in 

rotational motion ahont nn axi., through thr. centre r,f mass 

and /, ::: lc.J 

(::! marks) 

(a) exist for 

Expl,1in the tPrms Ti:xT and /,, and tkn·lop an rxprrss:011 anal"gons to equation A, for n,tat.ion about 

the <'L'lltn• of mass. (3 marks) 

(c) . .:\ stationaQ· hilliar,I ball, ra,lius r, rests on a tahlc wl1<'r<' fridio11 ran be assumed Z(ro. The hall is 

sirnl'k by a r11r (rod) la•l,l horizontal at a <.lista11rc .rah""" the table, gh·ing- a horizo1,t11l i1J1p11lsr, I.', 

to the hall. 

t 
X 

[ Assumo that the impulse R::: J Fdt O<:curs in a ,·r·ry !1horl time 

intcn·al. Alsll :1••sum<' thnt the n•tntinn:-il incrd:-. or tl,c b~lll nbout 

nn :n:is tlir<,ugh tl1e centre of ma~s is ~Mr. J 

/i) \\"hat is the s11hsr<JU<'lll \·elocit~· of the centre of mass. an<l tl,c ang-111:ir ,·rlocity (alio11l tl,c ~cntrc 

of nrnss), of t hr hall' 

( ii) I·'rnm an analy><i~ of the w,locity of the lowest pnilll 011 the hall, with r<'spcct to th<> "frictio11less" 

table top, <lrt<·1'1llit1e the impart height x for which the hall will roll along the table \1·ithout 

sliding. (5 marks) 

( d) On an actual billiard table some friction may rxist between the hall and the cloth surface of the 

tabk The walls of the table :ire designed so that the place of contact bct\\·ccn the wall and the bn.11 is 

a height !J above the table. \\'hy is the loss of mechanical l'nergy, when the ball strikes the wall, likely 

to be least if y is equal to the value detennined for x in c ( ii) aho\·e? 

(2 marks) 
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f t • fic!(ls pro(liicc<l b.,· electric cu rrcnts, can be sta tcJ symbolically a~. (a) Amperes Law, or mague 1c 

J /J,. ell= µof TOTAL 

For a closeJ path in a region of magnetic fichl, explain the terms 

J J:,. dl anJ lror.H, 

(I,) A long thin metal strip carries a larg-c curreut, I, as shown. 

(3 marks) 

The cnrrent density J is uniform throughout the ml'tal (so I= J1cb) and 1s parallel to the length of 

the strip. 

lh•tcrmi11r the 111ag1wtic lid<! dne to the currc·11t at a point l' abon the centre of tl:c plate anti jnst 

nhovc tl:e surface of tl,c coJH)nctor. State any assrnnptions that you make. 

IIlNT: Cunsi,h•r a small rcctangnlar path, pcrp<>nt1ic•.ular to the dir<'etion of J as shown. 

p 
r----•----, 
f I 

x~I __ ~-_-_-_--_-_-___ J _ _Jjx' 
~---- W------- (3 marks) 

(e) In (h), the potential tliffcrcnce, V, between the rnrls of the strip is known from ,•xprriment to be 

rl'latt',l to the enrrent l hy the rnle, l' == £{§ where p is a constant. ,\s.,ume th<' "t•!cctron mmlel'' 

of c:m-rrut, 11<·eording to which current (lt-nsit~· is giv<'11 hy J == ncv. 1·sc thrs,· r,•lati(lllships to show 

thnt thi~ mutlcl recjl1in•;; the drift spcccl, t•, to Le prPportionnl to tlic deet ric fil'ld, Io', in the conductor, 

if n (the m1111hcr of free electrons per unit Yolume) is assumrrl <'Olis!:111t. Jn _,·our 1:xplanation, make 
it clear liow ;-;on .relnte E to V. 

(3 mnrks) 
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(d) .\ ph~·,ic.11 mo<ll'i 1h·H'l,,1,nl a~ 1111 a1i:do;.'.y t,, tl,C' C'!C'C't1·,,11 drift mor!C'l (a moc1cl of a moclcl!) rn,cs thC' 

gra1·i 1atinnal fiPld tn ,ii!: 1btP the c·kr-tric fif'hl, and hall IH'ari1.~s to sinllllate the clcetrc111s. A large 

n11mhtr of nails i, pb·, ,I i:1 a sloping bc,:(r,l, as shown iu Fi~. \\'. The ball,; fall from one row to the 

next. ITH 1n11•11tari!y ro111r t,, r1.:,t, a11,l fall to the nC'xt rn,Y. The halls ,]rift dPwn the boanl more quickly 

when it is m,,rc I iltrtl . 

. . ( · . 
• . \ . . 

. • . ) . 
• . { . . 

. . { . . 
. . \ . . 

. . ( . . 
. ·\ . . 

PLAN VIEW 

• 

. 

. 

. 

SIDE: VIElV 

Fig. \\' 

Theory 

The a,·era~•• Jrift spccJ <lown the boar<l is 
ginn by, 

l (distance, row-to-row) 
l'A•' = t (time oi' fall, ro\\'-to-row) 

Since t·ach fall starts from rest, 

l= ½(gsinO)t' 

V.tl' = [~a sin O]t 

= /,rJ SIil O -,-·-- 2 [ • ] [ 21 ] 2. 
• fl SIii 0 

So. t'.<v = V ½ (r, sin 0)l 

(i) According to th,· theoretical 1k\'..lnp:1w11t ill the panel, what relation docs this graYitatinnal 

aualo6•y predict lll·twcen the Pkd ric fil'l<l an<l the elcl'trnn drift velocity in a cor•.ductor? 

(ii) In what physiral way do<'s this graYitational modd fail to imitate the electron drift moilel (and 

tl,e:refol'e fail to pr,•clict the eorrcct relationship hctwf'CII ek,•tric field ancl drift velocity)? 

(3 marks) 

Turn over 
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3. (n) A Joudsprakcr radiates sound waves, of frc­

qucnry / 1 u11J speed v. At a distance r from 

the speaker along the line LI(, the wave is 

d<.>scrihc<l by the <.>quation 

(i) Suggest a pl1ysieal quantity that y might rcprcsl'llt. 

(/J) · . I... • • ) (ii) Sug-grst a r~ason for the inclusion of r in the amplitude ·;: iactor 111 l he l"<(llal 1011 au<J\"e 11ot1cmg t iat 

it clm•s not appear in a similar way in the formula y = -,1 sin '2.r/ : ! - l l f<>r a \\;J\"e on a string . 
. 1· 

I b) .\ see1J11d spPaket· is plarcd adjacent to the fii·st 

speake1·. 'l'hl• w:1n•s pro1l11re<l l1_v this sprakcr 

arc de-scribed l,y 

(3 marks) 

lkserihP lht• n•sultant sound that would he ltt•anl hr an ohsL•n·er at a 1,oir,t ? cq1;i,lista11t from the two 

sprakt•rs ii'/, is ,;light]?· dift'cn•nt from/,. (lnclwle a sketch graph.) (3 marks) 

(c:) .\ stationary truck has a pair of horns mounted on the cab, and a car i~ apprnaching the trnck at 

cm: 
TRUCK (AT REST) 

) } ) 
) ) ) 

CAR 

One l,orn is operating al 1000 Hz, the other at 1010 Hz. If the speed of sound is 330 ms-1 dctcnninc 
the ht·nt frcqueney heard by the driver of the car. 

(d) Consider the following- statement about the situation described in ( 

'' 'l'lic sou_11tl from the two spC'akt.·rs result in a hro 

soun~c inlerf(•n'ncc p:1.tter11 whicl1 slowly rotates, ns 

shown, from the higl1t.~r frr<pu.>1wy source to tl1c lower 

fl'cquct1('y source. At very large dist:1nc.-~:,, front the 

sources tltl! nodal lines are df(·ctivcly str:1 ight lines 

which rot, 1 tc like the spokes: on a rotating wher:l. rrhc 

frcquc-ur.y nt which uoc.lal lineM cru~s XX' fa. the fro­

qucncy of I.lie heats heard Ly l'. The heat frcqueucy 

will therefore he independent of the position p and 

hence indcpcrnlc!lt of its \"Clocity.'' 

Criticize the, above lll'b'lillH.·llt as, • 

(3 marks) 

C). 

----x 

---
111 practice, the bc·at fret1ueuev doe~ tll'JJL•J>LI <JI! J ., • tl,e ,eloeity of J>. 

(3 marks) 
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t (Tl,i, q11,-,1i,,11 ill\·,·,ti;::i:,-, _\"l)l!I' ,-,.1,·11·11,· I ' i, ::111a:,\· ... ,~ nn t'X!> l i I l • • . , •• llll·11 a s;tuat1011, a11<l make l'On<"lnsions from 

1•xpl'ri11w11tal r,·,111:,. Ti:" qu,·.·,tio11 1 t 1 0 <'-' 11<• :i--;sum" th:1\ you l1an• an~· pre1·io11s lrno,dr.!l-(e ahont this 

r.xp,·ri1111·11t:il sit 11:JI j.,11 1or :i-,,.cia t!'d theory. J 

'l'l.1• foll,11ri11!.! rxp,-ri1.i,·11: \\·:h .J,.,; .. 11,·d tu s'\l!l·· tl J 1· I· 1 _ •,. ·, .' IL' n• a 11111s 11p >1•t1n•"n th1• eon1·en\ration of salt in water 

awl tll<' rl,·,·tnr·al r .. 11,i11,·:i,·i:,· ut tit,· ,,,lution \ {j y . , I •• • · · , ,l.L ~lll'J> .' \\as <'nnn,•1•tt-,I tu a 0-100 milliamml'!er, 

and two 1·op1wr pbt,·, i11 a lw:,k,·r of s:ilt \\"al•·r, ao; sh,",-11 in \hC' rlia!.!ram. Tlw li,•·,ilc,•i· .. . was <"0111pk·tdy full 

1rith Hll1() <·111' ol ,:tit ,•.;i:<·r ;,11tl tlt1· e11rrc11t \\··1s 100 11 \ F • - t" / -· • • 1. . 1()111 !Ill<', - 0, pure water \\".ts f1•d into tit(• 

lll':thr a: tL,· 1·1>1ista:1t L:I,· .,1· 10 1·111 1s- 1, \\"lien· it n1ixPd 11·1·111 tl1r 1 sn nt ic,n. The excess liqni, l 01·,,r!101n•J. 

Tl1<• tal)llbtl',l 1·:iriati1;n oi t·1trrC'11t II ith time is sho\\·n b!'lnw. 

lql 

SALT 

SOLUTION 

(n) A simple model is tl1at tl:e total resistance of the salt solution, 

rl'ntration, C, hcuce I= 1 = kC where /. is a i:nnst,lllt. 

/(m.\) t(s) 

100 0 

90 JO 

81 ~o 
73 30 

6:i -10 

59 50 

53 60 

-17 70 

-15 80 

43 so 
42 JOO 

[{, is invC'rsdy proportional to the con-

Now in rach sue<'l'ssive small intC'n·ul of time, say I sl•cond, the conel'lltration might he c•.xp,::"eted \<, 

become lC'ss hy a ronstaut foeto1· f, so that t!Hi c11rrrnt 11·ould he expected to var)- in the following 

mnnner. 

After 1 scron<l 
2 seconds 
t seeowls 

l = lJJ,1.d 

l = l.11.u:f" 

l = /Jt,u:f' 
Plot a suitable graph of the 1lata to finrl whether the expccteJ relationship holds. 

[HINT: log I= (lo;; l)t + log /Jr.ul 

Do the results confirm theoretical prc1lictio11s? 
(7 marks) 

(b) Determine a value for f from the first eight rradiugs on the graph. \\'hat value do ~-on expect for f 

considering the statc<l rate of flow of pure wntc1· into the ll('ukt•r? (3 marks) 

(c) 'l'o ensure goo<l mixing the salt solution was stirrc•d eontinuously during the first 70 seconds hut it· was 

not stirred afterwards. Explain how this might account for the increasing <liscrcpancr between experi-

ment nn<l theory after the first SO seconds. (2 marks) 

Turn over 
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5. (This question has five SEP.All.ATE parts.) 

(a) The following three formul:ie all ha\·e to do with cncr~·. 

E=lif 
E=mc= 

61:=mgb,x 
.Althou~h they were initially met in quite different topics m physics, perhaps applied to one situation 

they sugg<'st new ideas. 

Determine: 
(i) the cITcctivc mass of a photon, frequency/. 

(ii) the fractional change in frequency of a photon tra\'clling a small \'(•1·ti<'al distance f:::.:r, in a uni-

fo1111 gravitational field. (3 marks) 

(b) In 11. simple ,•xperimcnt to in\'l·stigate the rclatio11ship lll'tm:(•11 poteritial JitTerence anu current in a 
torcl1 bulb (resistance bctwc<'n 200 n and GOO fl), the followirrg equipment is a\·ailable. 

Volt 11wt1er 0-3 V ( infinite 
resistance) -0- Hesistor 10 n 

Batten· G V 

-''NV'v'\/Vvv-N-<> 

.Amml'!Pr 0-iiO rnA ---e-• (negligible resistance) ( negligible internal 
resistance) L<'ads ( negligible 

resistance) 
Torch bulb 

Rheostat 0-10 n ~V\/'v--o 

1 

(c) 

Draw a cireuit diagram (symbols gh·cn) tu show ho\\' you would set up the equipment to enable the 
potential across, and the current through, the torch bulb to Le dcll'rrnirrcd o\·er the 0-3 V range. 

(3 marks) 

Synchronous satellites have an orhi\'11 ,· l , I t J • • · • • . . • • ' ' pc110, er1t1,1 o t 1c penu,1 o( tl1e r·:inh s rotalwn on rts axis. They 
arc pos1t10nell on the plane of the cc1u·1t r , • -• t J - - R • • ' ' CJ ,1pp1oxn11a l· y ;J_:.J • ahnve thl' l':,rth's surtacc, where R IS 
the radius of Ilic earth (R = G x 10" m). 

The folluwing is an attempt to verify this in formation. 

,------- 5· 5 R ----···--------

For the satellite 

therefore 

hence 

r 

mw•r= mg 

w= ✓~ 
'1' == ~1T ,- --== 2rr '\, _gr = 2.r /li.5 U 

w 'I ,-g--

EARTH 

+ 
I ---, 

The period of the earth's rotation on it. , .· . 
enclosed in ti\ b ,. S ,tXIS I:, aetnalh· :::; G X JO• s I•'i11 • ti·,,,, 111'1°t.·1kn 1'11 tltc \\'Ol'kl0 ll~ e OX auOYC ·mu st• t J • • '· • ' 1 • ~ ., 

' ' ' a e tie concctio11 which should be made. (3 marks) 



(<l) (This qm·st:on imT,ti~,1t,•,; your ,d,ility to pbn an <'Xprriment to trst some proposed theory. You are 

not rxpl·<·te,I tu l,r, f:111,iliar with the tl,l'ot-y.) 

.\ physil'bt has :, tll\'ory I hat "l:<·11 a ma,,s 111 is suspendc>d from a spring of mass 111,, and displace<l 

from its r<1uililiriurn p,,,itiu11. tLe pc·riod of the up and down motion is approximately given by 

where k is the spring e011stant. 

Tu trst the tl"'"l'." Y"ll :Jl'l' s1q,pli,·d ,1·ith a sprin!.;, mass l.'.2 X ]()·-> kg, and l.1111wn spring constant and 

a set of fi1·r 1.0 :< !(1·" lq.: ma-,,,,s \\·lti<.:h e,1n lit' snspl'rnh·;l from the spri111{. Suggc,;t what qnantitics you 

would rn,·;l',111'(' \lltl d,•1;,il, n·r1nirl'd) and the suh~"'lll<'llt y1·a11liirnl anal~·sis whieh you would make to 

vrrif~- the· alK11·c 1qt1,1tin11 

(Dra\\' a sktll'h ~:·;1ph to indicate what you would expect if your rPsnlts 1·crifit•<l the equation.) 

(4 marks) 

(r) The iura of phasor diagrams in ;i.e., cnn he cxt,·ncl,•d to more eomplrx rireuits th:in the simple series 

circuit. For <'Xa1I1plr, th,, ph:1,,H· diagram Fi:;. ~ ~Li>•ss the n•lation~hips b<'IW<'C'n the voltages across 

the vario1h (•irniit e11111p,,w·11t:; in the circuit Fig. 1. 

a b 

R T' 

Vo rv d 

Vo 
R C Fig. 2 

e 5 Fig. 1 

r), and Ve (across the capaeitor C) must ahmys be just the (XOTE: Tl,c sum of the rnltaµ:es V r (across the r~sistor 

identical resistors R. Also, us in a sin1plc series circuit, tl1e phnse 
same ne tl,c total mltaµ:~, V 11 + V R' across the two 

ongle between V O and V r must nlways he 90° •) 

(i) The phasor marked Vin Fig. 3 represents 

a potential diff<'rcnec. Between which 

points in Fig. 1 docs the voltnge occur1 

(ii) Show a similar ph:isor diagram for the 

case when r is reducrd. Hence discuss how 

l' varies in magnitude and phase as r 

varies. 

(You may appreciate that such a varia­

tion could well be of practical use.) 
Fig. 3 (4 marks) 

Turn over 
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8ECTIOX ll (:.la nwrksl 

(.\nswc1-,,i to he rt><·o1·ded 011 thl• u11s1rrr ,;J,cr.t prnvidc<l) 

]. .\ pr11j,•t'tilc dcs<'rihl'S a path as shqwn 011 the surfat·l, of the moon. 

U is tht• 111i<I point lwtw<'<'ll P an,l P' . 

• \s tht• projectile mm·cs :ilon~ it.~ path from P to I", 

its ang-11lnr momc11t11111 nhont the point. O. will 

(11) l'l'main constant. 

( h) first incr~ase then decrease. 

(c) first dccrPasc then incr<'a;;e. 

(d) <lrcrease. 

( e) in!'rrase. 
p 

•1 T\\'o rn11d1trti11g- l'1•ncr11tri,• spheres with uniform surfa1·c• 1·h:ir;~e dPnsitirs ;ir,• shown in th<' cliagr~m. Thr 

total rl.argc on N, is(/,. TJ"_. 011tsidf! sphere is conncctc1l to earth. If er, is the ,Ji,nsir.,· •Jf the pc,sitiw~ charges 

nn th,· s11rfa1·c ot' the· i1111C'r ,-;pherc awl er, the dcnsit.,· of the 11e;_!atiYf! ch:ir:.-:es on th<' in,id<' ,nrfacr of thr 

outrr !:<plu•rc, then er, \\'ould equal 
er, 

(b) l 
+ + 

(c) ( !f!) 2 

J•z, 
+ 

[ 
+ 

(d) Infinite + 

(e) (;:) 
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3. Two scpian· pa1·alld Jil.itt•,. <,f side kn:::tli d, ar,; a distance cl apart. The ekctrirnl potent.in! di!Tercncc 

hrt11·,·,·11 tlw pl:1t, .. , is I'. S i, 11,'dwa~· lH·t\1<'1·11 tlw c,·11tn·s 11f tl,e plates and Qlf is a line thrnngh S parallel 

to our ,i,k of the plat,•,;. 

Tiu• rnri:1ti"11 ;ilo11::: Qr· ,,f ti,!' 111:1'.'.11it11dl' nf the electric fid,J clue to the ch;irgl'cl plates, is best rcprcscntC'd 

hy 1rhid1 of thl' fol!oll'illg- g-raph•,'. 

f A (a) E 
I 

V V 
d d 

4--
Q R s T u Q R 

E 
Et;. (c) 

}biJ----,-
R 

Et 
V 
d 

Q 

Q 

R S T u Q 

(e) 

R S T u 

(b) 

s T u 

(d) 

s T u 

<T coulomb m-0 on each surface. The magnitude of 
4, An isolated charged metnl sheet has a charge density z 

the electric field close to the metal sheet would he 

(a) !!...... 
4Eo 

(T 

(b) 2Eo 

(T 

(c) Eo 
2u 

(d) Eo 

4cr 
(e) Eo 

Turn ·011er 
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7'he f ullowing infonnation a11 d diagram ref er to <Jlltstioi1s 5 and 6. 

I • ti e <liagram, is known as a linear electric The distrihution of three churgc>s + q, - 2q, an,J + r1 s wwn in 1 

quu<lrupole. 

R +q, -2q, +q, p 

, . r 
1--a ·+ 0 a-+J 

.At l', 11 fargr. clisfanct from the l'liarges, on a line through the charges, the electric potenti.:il i, gh·rn by 

,,. The magnilu<le of the electric field at I' would be given by 

2qu' 
(a)~ 1<1) 2qa= 

( e) -n-(.,r' 

G. If point R is distant a from the closest charge>, as shown. the p0tc11tinl at R woul,l be 

<J (ii) ij ----
-11'€utl 

7. "The clcetrie ficl,l at a position n,'ar a distrihnti"n of eharges is gi\"1•11 1,y the rPlnt1n11sliip E == F where F 
is the force on a point tc>,;t cha 1·ge> q." ,, 

For this stntem<'nl to h<' rnrreet the 111agnitudP of the test charg,• 11111st he s11fii<'i<'11tl_,· s111:ill .sci that it docs 
not 

(a) distort thl' dcctric lie Id in an.r way. 

(h) distort till) Pk-ctric field IlC'ar the t<'st charge appreciably. 

re) distort the ele>ctric field ll<'ar the charges prod1wi11g the lid,! (f',·<:'11 if thr charg,•_, do not mo,·e). 

( d) mo,·c the charges produeing the fielrl. 
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1'hl' fulfowiug i,,f,,n11,tliu1: 11111/ cli,trJrum ref,·,· t,J t • <JIILS 11ms 8, !l, and 10. 

An 1111d1ar:.:,·d capa.::tur (of c.111::citance C f·in }) • • • - I • • · • •' h <011111·ete, 111 s,•nps with a r('~i-;tor (of resistance R 

ohm), u11il a l,att'-'r_v (rmi J-: n,lt anti inll'rn;il • • 

C 
r R 

~----' 

n's1sta11ce r oh:11) "·ho,c terminals arc X and r, as shown. 

At a time I (sec-011d) after the switch S is closed, a 

charge of Q ( eoulomh) is on tl1e plaks of the capacitor, 

and the <:ttrn•11t in the circuit is I= (~~(}_\ <it I • 
' I 

, , , __ \.Irr 1 10 s rnle nbout potential diffcr-8. Wliirh of the followi11~ NJ11:i1in11s eo11l,! be rlr•l11c,·,l 1,_v f'11·.•·t 11.··111!! 1·· 11 f("' 

r~rr~ around a l.'lo'ird 1·in·11it, a11.J hl'nce obtaining all rxpr,·-;si1111 for~~~ tit. 

la) ,..,11-
,// + 2 =c 0 

(b) Ii' di 
1 a.1 + 

() ·,.: = E 

(c) di 
(R + r) dt + IC = 0 

Id) (It+ ri :~: + i = f; 

(c) 
di I 

(R + r) -d- + - = o t C 

9· The voltage across the tE'rminals XY of the battery, immediately after the switch is closed (t = 0) would be 

(a) E ( 
R • 

(b) E -•-) 
R+r, 

(n- r) 
(c) E _-yr (d)E(R;l) (e) E ( _ _!_{__) 

R+I 

lO. If the capacitor is replaced by a perfect inductor ( inductance L henry) the current m the circuit at any 

instant t > 0, is given by 
di 

E = I(R + r) + L dt 

Draw a graph, on the axes gh·cn on your answer sheet to show qualitatively how the rate of change of 

current ( ~f) varies with ~ (I) • 

Tu.rn over 
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The follutl'ing i11for111atio11 rcfc_rs to questions 11 and 12. 

In studying the oscillations of charge in nn induct:111rc-rapacita11<'c C'ircuit a numh<'r of prnpcrtie3 of the 

system arc analogous to the oscillations of a mass bet ween two sprin~s. For example, 

cfo F=m-­
dt 

d'x 
m dt' = - k:c 

cl.x v= -· 
,If Y=L tll 

tit 

C 

L 

dQ l= -­
dt 

11. The ahove analogT sn~"<'Sls tint the period f ti .·11 · 
••• ..., ' • 0 1c osc1 at10ns of charge in tlic electrical circuit is 

(c) 21T ~ 
,1,c 

12. In the abon\ :111aln;!y the kinetic cncrz __ ,. of tJ1,. 
--· • ~ rnass is analogous to 

(a) the kiilC'tic rrrerg_v of the electrons in the inductor. 

(h) the sto_rc,l encrb'Y in the electric field f ti . 
o re capacitor. 

(e) th<' storec! P11crgy in the m,io-nC'tic fiC'lcl cf ti . ] 
0 ' 1c inc uctor. 

( <l) the total kinetic cnerrrv of the elect • . 
"'· . • rons in tl1e circuit. 
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1'hr f11l1111ri11r1 ill[,,r,11(1/iu11 (l/11! rli,,r,,.,,,,I 1·,[11· tn (JltCsliu11s 13, l.J unrl l::i. 

A li~lit hurim11:al k1r lia, a 111as,; 111 al ,·itlter <'lid a11d is suspc•iulccl at its midpoint from n thin vertical 

rod. If thl' rod i, turn,-d tliro1u~li an a11:.:!,· {) i11 th" liorizunt·d J>h11e ti 1• • t,1-· t ti 1 J J " • • - , , , 1 ,, 1,i s ,c ro, an t I'.' restorm!.!: • 

tonp1t• it t li!•ll ,·~:,•rt.-; 011 t L,· l,:1 r i, , = - c O. • 

\\"lien tlw liar i, n·ka,,·d at su11ll' a11:..:J.., it rotates tn aml fro about thf' n~rtical axis of the rod. 

VERTICAL­
IWO 

LIGHT 
HORt701':TAl 

SAR 

m t------L _ _,l, ___ -J 111 

SIDE VIEVJ 
PLAN VIEW 

n. Arrnr<li11~ to tLr mle relating tor<Jne and an~nlar momPntum, if I is the rotational incrtin of the system 

nhont th,· vcrtir:il axis thrrn1gh (), whirh o\'. lhe followin~ equations represents tlic dynamic situation as 

thr b~1· r,1tatrs to a11J fro. 

d'O 
1 a) / ,ff,- = - en 

clO 
(d) /di= - ell 

.··do ~ 

(h) I(_-;,{) ==-cO 

1 d 00 
(c) JO=-c<W 

d'O 
(c) JO= - c dt' 

1-1. Since / <lr-pr·nds on the mas.,c-s 111 ancl the distance d, tlH' pc-rio,1 of oscillation of the horizontal bar could 

be written as, 

(b) !!: f:T" 
d '1~ (c) ml~ 

(d) !!.. ~ 
- r1 Vin 

15. To dctc1mine the period in question H, which of the following assumptions needs to be made? 

I. The maximnm value of (J is small (sin O e:,, 0) 

Il. c is a constant. 

III. 2m(d cos 9): is approximately equal to 2md• (rotational inertia). 

(a) I only (b) II only (c) I and II only (d) I and III only ( e) I, II and III 

339 
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16. The followin~ grnph represents the variation of spring potentinl energy, Ep, an<l kinetic energy, E1, of a 

mass oseillatiu~ on n spring- in simple harmonic motion. 

'l'hc n.xis labelled z could bt• 

(n) time only. 

(b) displacement only. 

( c) either time or displacement. 

(d) neither time nor displacement. 

ENERGY 

z 

17. A mass 111 is supported by two spriugs. The end of one spring is attncl1cd via n long string to a rotatini: nrm 

so that the string appro.ximatcs simple harmonic motion and produ<·<',; FOl(('ED OSCILL.\TIO=-:S in m. 

S-~IALL FRICTICN ONLY IIOTAT!f,,"6 
IVHEEL _.-.-

If the rotating arm is stationnr_v, the natural period of the oscillating mao;s is 0.20 s. The rotating ann is 

then rotatr<l at a period of 0.13 s. 

Aft<'r n long time t.he peric><l of III is })(•st drscribed :is being 

(a) greatC'r than 0.20 s 

(b) 0.20 s 

( c) between 0.20 s and 0.15 s 

( <l) 0.15 a 

( e) less than 0.15 s 
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]8. Two pubes mo\'c nln1,~ n string ns shown 

The dis1,lacc111rnl time grnz!h of a point O on the strin~ wonlJ Le given by 

► 

t 

> 
t 

Tur.n over 
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l!l. A stamlin~ wave may bC' considc•rC'<l to be composC'<l of t\\'o l''1llal-amplit11,l,, wa\'e~ tra,·clling m opposite 

,lirertiuns. If the m·erug-e cnC'rgy in each metre of tl.c· str;u:,.: J°n,111 r:till'I' ,,11t· 11 L tl:c•,t· ''"'''·rs is Eo, then 

what would be the m·erage energ~· }JC'!' metre in the res11lti11~ st,:ndiug- wa,·e 1 

(11) ?.C'l'O (b) JE. (c) Eo (d) 21-: .. 

!!O. A ml't,il rod of )png-th one metre is h,·ld in a n•rtil',il posit ic,JJ and dn1 p111·d 011 ;, l,ard l!r,nr. _\, it rchouucls 

the l'ud g-i\'PS a d,•liuite fr,·CjUC'ncy of sonucl ,,·hiel1 is al,v11t :!'.)lJO llz. \\"Ji;1t ,,,,uld prllbal,1.,· 1,e the speed of 

compression waves in the rod? 

(u) 5000 ms-1 ( l,) 10,000 ms-• (c) 15,000 ms-• 

~I. Thl' princ•iple of supPrpositio11 is nsed wi.Jel~- in th,· study (Jr ,,·:i,·., 111otin11. JT11,1c·,·,,r, it is li111itC'cl to the 

condition that the tlisplac·,:111e11ts arc 11ot too grC'at. This li111iti11~ ru11diri,,11 pch,ihl.,· applies to, 

I 111ccha11ical wa,·es 011 st ring-s, springs a11cl liqui,l surfaces, 

II sound waves in gases, liquids and solids, 

III light wa,·C's and all other electromagnetic wa\'es i11 free space . 

. Actually the limiting c,onclition applies to 

(a) I only (b) II only (c) Ill only (d) I and II only 

The following two "·ayes tl'avel along a string simultaneously 

!/, =A.sin 

!Jo= ,1 sin (wt - J.-.r - J) 
'l'he rc•sult,mt wan', assu111i11g the principle• of snpeq)()sitiou, would be 

(a) a standing- wave of maximum an,plituclc 2A. 

(b) a traYclling wa,·c, velocity v, amplitude 2;1.. 

(c) a travelling wave, ,·elocity 2v, amplitude A. 

(<l) a standing waye of maximum urn.plitudc A. 

(e) no wave at all, 

r C') I, II, anc.l III 
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23. ;I' pcrf1clly pobrizi11:; plates ( platrs that transmit all light whn~c polarization is correct.) arc stacked one on 

I• I I I I 1· 1 I • I • • • 1 !JOO 1op o ta• ,,t JL'l". aIH l':Jl' 1 sitt:<'<'L'< 111g p alt> 1as ;ts po ar1z111g axis at an a1rg c O = 3,·-=T clockwise with 

n·spert to thc- p1·,•c1·.Ji11g pl,1tc. The last plate is therefore "rros,;c-d" with the first plate. The incident light 

ull thL' top pl;tl!·, a, sl1ow11, is llli!'Olarizc1l. 

If the 1111111licr uf plait., is s~·stematically ehang1!d 

!IU 0 

frum 1110 to eight (0 = ~,- :..:.--f i11 raeh case), the 

i11tc1isity of the c111crge11l lwa111 

(a) sy,-,ll'111:,tically i11n,•ascs as ,V increases. 

(c) first dvcn·asl',; an,! th1·11 incn·asl's as .V 

inercnses. 

1tlJ r1•J11ai11s c"n,lant lint 11011 z,,ro as N incrca,;es. 

( c) rcmai11s zero ns S increases. 

~-l. Tl1c stured l'IH·r:;y ill au inductor i>i ½LI'. 

'I'! • " 11 • l l • 1 ·c1 1·s B = µ ... lYI . IC lllat;llcl IC <IC l lll a ong t llll so cno1 

I . __ !1:.-!_Nl'7Tr0 

'l'he indnc:tancc of u long thin solenoid is , 

INCIDENT 
BEAM 

EMERHNT 
BEAM 

The abo\·c three equations suggest that the energy <leusity in a lllagnetic field lJ is 

JJ' 
(d) B (c) :!.µo (a) zero (c) B' 

~5. ,\ short sccont! coil of 11 tunis is wound closely aroun<l a long thin soleno_id length, l, radius r, and total 

number of turns N. 

j_ 
2r 

T 

The mutual inductance of the pair of coils woul<l be 

µ oN'-rrr0 
(a) -l--

341 
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:!G. The relationship l'Jt.~x = wl,IJl.u for the potential :icros,i the ter111i11,ils of an inductor (where flux 

liukagt• = .Yep = LI clcfines L) applies only, 

I for a sinusoi,lal current through an iuductor, 

11 assumi11g- I, is independent of time or curr·<'nt ( i.e. a coust:rnt ,·alue), 

III assuming the resistance of the inductor is zero. 

Of the above which eon<litions arc necessary for Y11.u = wl,JJJA.r to hold true~ 

(a) I only (b) III only (e) I and II only (d) I :mJ III only !e) I, II an<l III 

27. The followiug- phasor diagr;nn represents the voltages in a resistor-eap:icitor Sl'rics cin·uit, as shown. 

R 

c-

P,,ssil,lP intrrpretatim1s ol l'o, VI/, and Ve, on the phasor lliagram, arc that they reprrscnt, 

I the n.::H.S. voltag<'s across the circuit components, 

II 

III 

the peak voltages acros.~ the circuit components, 

the instantaneous volta!!es acros.u tl1e c1·1·cti"1t ~ ., components. 

Of these possible interpretations 

(a) I only is valid. 

( b) III only is valid. 

( c) I and II are both valid. 

(d) I an<l IJI ai·e both valid. 

( e) I, II and III are all valid. 
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The f,,l/ou·i11g diagT1rn1 rt'{(rs to qucstio11s ~8, ::!!J, and 30. 

ALTERNATING 
VOLTAGE 

V= 2os1111oot r-v 

~s. The phase angle he1'1,· 1'n the applied volta~c and the currrnt in the rirr11it would be equal to which of th<' 

following nnglcs? 

(b) 37 ° (c) 45° (c) !JO° 

29. If the prak value of the cm-rcnt is Io the energy dissipated in the resistor per second is giYen by Fo'R. The 

c11crgy dissipat<'d in the eapacitor per sc·<"Ollll is 

Io 
(cl) (,J() 

30. In practice the 1'<'.,istanrc has, in addition, some slight scri!'s inductance. 

( C) ZCl'O 

The pffc-ct of this additional romponrnt will H'sult in a current in the circuit which is, 

(a) slightly less than tl1at predicted tJi,,oretically but less apparent at lower frequencies. 

(h) slightly grcaltr than that predicted theoretically hut less apparent at lo,Ycr frequencies. 

(c) the same as that pr,·dictc<l theoretically for all frequencies. 

(d) slightly less than that predicted theoretically but more apparent at lo,1•er frequencies. 

(e) slightly greater than that predicted theoretically but more apparent at lower frequencies. 

Turn over 
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:JI. Consider the following statements about the photocleetric cffcet. 

f The photoell'ctric C'ffcct pro,·es that li:..:ht eanrwt Ill• a wa \·c mot ion. 

II 'l'hc photorlcctric dfcct suggests that a wa\·c 111rnll'i of light i~ sometiml'S inaJeqm1te. 

J) I The phot0t•h•ctric C'ITC'ct gfres support to a pa rt ielc mo,lt•l of light. 

TY The photoPlcctric C'ffcct proves that a light h(·:tm 11111st ah,·ays 1,,. ennsidcrc<l as a strram of particles. 

Of tll('s\l statcmcntit 

(n) JI a111l III arc corrcet. 

(b) I and IV arc correct. 

(c) JI and IV arc rorrcct. 

( d) I am! HJ a re rorrC'et. 

( c) nnly is eorrcct. 

:)'.!. A s1wrtral lamp eonsists of two m<'lnl dcctro<lcs in a gl:1,;s PnYl'lnJH'. _\ s111all amount of h_nlrogrn is intro­

dt1cC'd into the c,·ac-natc,l cm·dopc. \\'hrn the clcctrndrs arc 1•0111H·ct,0 d to n high tr·r"i,,n ~upply a small 

current Olms in the 1•ircuit andlight with a sPt of distirH't \\'a\'rl1•11gtl1s is rrnitll·d from t!J,, L,mp cwn thongh 

the lamp rrmains 1·1·lativcl_\· cnfll. Thrsc wa,·cle111-!"ths are prorlnr('d as the hydro:..:"'1 ~toms in the lamp can 

only c-xist in crrtain definite cnrrgy states. 

Thr 11wst likdy U'll!J in which a nr11tra! hydrogen atom m t.h<' n·g-1011 al> "·011lrl acquire a hig-h-<"nerw.,· state 

wo11lrl be 

(a) capturing a photon. 

H.T 

SUPPLY 
--

-:---
->-- LIGHT 

--

(b) 

(c) 

( rl) 

from the electric fielrl hetwc-cn electrode 1• 1· I . .s ac 111g , 1rect y on the atom. 

from ranclorn intrrn10lecnlar collisions. 

from the bomhardment of the atom h.v electrons. 

(c) by the nc·11tral atom collidiiw 1\.·1tli tli 1 • II 
o C ~ :J S8 "·a ~-



33. Bohr's tl1cory of atomic stn1cturc is of wi,k sirnificance even today in physics and chemistry because 

(a) no more satisfaetury moue! of atoms has yet bC'en thought of. 

(o) his modrl has acc,,nnted for tht· spl'<'I ra of a lar~r nun1ber of clcn1cnts other than hydrogen. 

\c) his quantization of a11~'11lar mom1•111um has bC'cn foun<l to haYe wide generality. 

! ,I) the model of Pl,·et runs mo,·i11g in ('in·nlar orbits rxplains why atoms link up to fo1·m molecules. 

;Jt In u nudc·ar necl'leratur a parlil'ir with charg-c q and mass 111 is nccclcratcd through a potential diff e,-ence 

l'. It thPn enters a mag-m·ti,: fic·ld c>i a dvllt-cting mugnct of uniform magnetic field, B, and is deflected 

throu~h !10°. ThC' rad1t1, of the patli in thl· magnetic firld will be 

(a) JI \f7!!!_ 
(J 

( C !!!L. . ) ml' 

ll'l r,;v-
'\JJJq 

+V 

;Jj_ One of the nuclear l'L·a<:'tio1,s occurri11g in thl' fus,011 process in the sun is 

: Ile + p Ie -+ : lk + :! 1 II 

If in this rC':iction the total re,;t mass of the system changes, which of the following conserYation laws would 

be expC'tletl to hold t1,1e assuming JJO external forces act on the system? 

I ConscrYation of Linear :'.\Iomentum. 

ll ConserYation of .Angular ~Tomentum about any lixc<l point. 

III Conservation of ~lass-Energy. 

IV Consc1-..-ation of Kinetic Energy. 

V Conservation of Charge. 

(a) III only 

(h) III and V only 

(c) l, III and V only 

(d) I, II, III and V only 

(c) I, II, III, IY and V. 
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I.2 

Examiner's Report-Schola::-ships Physics 

ENTRANCE SCHOLARSHIP - PHYSICS 

The paper was designed to give a three way cover­
age of: 
i) objectives of the prescription stated in the 
preamble and now further c larificd in the Teachers' 
Guide Introduction (NOTE: All references to Teach­
ers' Guide refer to C.D.U. Bulletin 48 Revised 1973.). 
ii) the topics in the prescription. 
iii) questi0ning techniques (long questions section 
I Ql-4, short questions Section I QS and multiple 
choice Section I!). 

As an indication of how the objectives detailed in 
the Teachers' Guide p iv were interpreted, some 
examples follow of questions which were an attempt 
to emphasize specific objectives. 

Section I 
Objective /\ 1 (b); 2(a); 3(a) 
(Comprehension) 

Objective B 1 (c); 2(b); 3(c) 
(Application) 

Objective C 
(Higher skills) 

Objective D 
(Experimental) 

1 (d); 2(d); 3(d); 
5(c) 

4(a); 4(b); 4(c); 
5(b); 5(d) 

Section II 
11; 13; 18; 22; 32 

1; 2; 14; 20; 28;34 

3; 7; 15; 21; 26 

Because of the variety of objectives and content, 
it is not expected that questions will necessarily 
correlate highly with each other, and therefore some 
caution is desirable when judging •.he usciulness of 
questions from statistical information e.g. means, 
correlations or discriminative indices. However, 
such information has been included for background 
reference. 

Two general comments on the scripts. 
i) While it may be justifiable for Scholarship 

candidates to study content areas nQJ in the pre­
scription, they should be clearly aware of the bound­
aries of the prescription. (Sec comment to Section I 
question 2(6).) 

ii) A lack of basic comprehension of the physics 
expressed in mathematical language was evident, 
e.g. sec comments on Section I question 2(a), 3(a); 
Section II question 8 and 10. 

Detailed comments on specific questions follow. 

SECTION I (65 marks) 
Mean - 30.2 marks 
Standard deviation = 10.6 marks 

Question I (12 marks) 
Mean= 6.5 
Standard deviation = 2.6 
Correlation with overall mark= 0.70 

The introductory questions (a) and (b)·were answered 
well by most candidates, many candidat_es reason~_d 
out (c) (i) but had difficulty analyzing (c) (1!) 
correctly. In (d) few candidates understood that if 
the ball did not actually slip on the surface, neg­
ligible work would be done by the friction force as 
it did not move through a distance. Too many can­
didates seemed to consider any frictional force 
present as a form of energy. 

Question 2 (12 marks) 
Mean= 4.8 
Standard deviation - 2. 7 
Correlation with overall mark= O. 77 

(a) Candidates in general either had a clear 
appreciation of Ampere's law or were very confused. 
Confusion was evident between the line integral 
J B.M and the surface integral J BdA. The total 
current was often assumed to be the current due to 
all currents prcxlucing the magnetic field not just 
the current "threaded" by the path. 

(b) If candidates had difficulty e:,;plaining Ampere's 
law they had even more difficulty applying it to the 
problem situation. Very few concluded that the 
magnetic field at the centre of the strip would be: 
zero by symmetry but rather many incorrectly assumed 
that the field in the conductor was zero evervwhcrc, 
Only the very best students seemed to be ·able to 
follow the argument through to the correct solution. 
There were a number of attempts at solving the 
problem using Biol Savart law. Such attempts seem 
to show a lack of awareness of the prescription 
content. 

(d) Despite the clear emphasis in the prcscnpt10n 
-of a "mcxlel for the conduction of electricity in 
metals in terms of the motion of free electrons" few 
candidates had any real appreciation of the motion 
of free electrons. Many assumed the conduction 
electrons move with perfectly constant velocity 
through the metal. 

Question 3 (12 marks) 
Mean = 5.5 
Standard deviation= 2.4 
Correlation with overall r.1ark - 0.69 

(a) Like question 2(a), a lack of appreciation of 
the physical situation described by a mathematical 
equation was clearly evident. Taking the liberty of 
quoting candidates' answers. it was suggested that 
y represented the "lengt!-Jspread/pitch/width/fre­
qucncy/hcight of the sound waves" and even more 
exotic ideas were given, such as "the displacement 
of an observer/the distance between the waves" not 
to mention "y represents a microwave detector"! 
This point is laboured as it seems so impo~ant 
that pupils basically comprehend the physical 
reality behind the language being used, if any real 
learning is to occur. 

(b) and (c) These questions were answered reason­
ably well. However, a number of candidates sti_ll 
do not appreciate that the sound actually _he_ard !s 
the mean frequency of the two sounds, and It 1s this 
sound that is varying in amplitude with a beat 
frequency off, - f.. . _ . 

(d) Few candidates really appreciated that m this 
situation the nodal lines would be curved at even 
large distances due to time delay in propagation. 
Interestingly enough it was sometimes the appa~­
ently poorly prepared candidate who rca~oned this 
out successfully, even though the candidate was 
unable to answer questions more closely related to 
bookwork. 

Question 4 (12 marks) 
Mean= 6.0 
Standard Deviation = 3 .2 
Correlation with total mark = 0.61 

Basically this question was answered satisfactorily. 
However, too many candidates wc~e prepa~ed_ to 
state that the results confirmed theoretical pr_ed1_c~10ns 
without qualification, even though a s1gnif1cant 
departure from the linearity of the graph was apparent 
for t)80s. 



Question 5 (17 marks) 
Mean "" 7.6 
Standard deviation = 3 .5 
Correlation with total mark= 0.73 

(a) Mean = 1.9 
This qt,estion was well answered by most can­

didates, although it was intended as an unfamiliar 
situation. 

(b) Mean = l .2 

If this question is related in anyway to the ability 
of students to plan experiments then there arc 
definitely some inadequacies in this area. ~larking 
the 464 scripts gave a real opportunity to sec the 
seemingly infinite variety of ',\ays six circuit com­
ponents can be joined togcthcr. Unfortunately the 
majority of thc ways suggested were inadequate 
and were usually with complete disregard for the 
longevity of the components. Perhaps assignments 
of this type prior to an experimental session might 
provide the opportunity to (kvelop this planning 
aspect of experimental work (refer Teachers' Guide 
p.(iv) DI.). 

(c) Mean = 1.4 

This question was answered reasonably well. The 
majority of studrnts realizing tbt g = 10 N kg was 
incorrect. Surgcsting the specific correction proved 
slightly more difficult. 

(d) Mean = 1 .8 

Suggestions 0f what graphical analysis would be 
useful to check the relationships 

T ... .,. ~""' + 4-rr'"'.!... 
I< k 

were occasionally too simple (T versus m). but more 
often too sophisticated and incorrect (log T versus 
log m). Ir the analysis is to verify such an equation 
where the exponents are known (T~ and m). then a 
graph of these variables deserves first consideration. 

(e) Mean=l.4 

Considcrino the deliberate unfamiliarity of the 
situation m~ny candidates answered the question 
well, although the constant magnitude of V cd was 
not always realized. 

SECTION II (35 marks) 
Mean = 15 
Standard deviation = 5.3 
Correlation with Section I = 0.66 

An analysis of the questions in this section is 
given in Table I. The column T gives the percentage 
of all candidates (N = 464) who chose each altern­
ative. The underlined alternative, the correct answer, 
therefore gives the facility of the question in terms 
of the percentage of all students who chose the 
correct answer. 

Two groups were separated from all scripts, a 
higher group (H) consisting of the top 27~~ of the 
total mark for the paper, and a lower group. (L) 
_consisting of _the bottom 27%. Again the ch01ces 
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of each of these groups is given as percentages. 
The Discrimination imlex is a measure of the 

questions ability to differentiate between candidates 
in the high and low groups. 

Discrimination Index percentage correct in H -
(as a percentage) = percentage correct in L. 
The percentage discrimination index for each 

question can hence be obtained from the difference 
between the high and low percentages for the correct 
choice (underlined). 

The Discrimination index provided in the last line 
is the index calculated using Section ll only as the 
criteria for choosing high and low groups. 

As mentioned last war, the discrimination index 
is susceptible to statistical fluctuations. This 
places reservations on the second significant figure. 

The distribution of responses both by all candidates 
(T) and those in upper (H) and lower (L) groups, 
indicates common errors and confusions. 

Detailed comments on individual questions follow. 
1. The idea that the force on the particle was 

central to the moon's centre rather than to 0, hence 
the torque with respect to O was non zero, was not 
appreciated by over half the candidates. 

3. A critical attitude to the validity of relation­
ships (Preamble 1) could perhaps be given more 
emphasis by scholarship candidates. The question 
proved difficult. 

7. Provided the test charge docs not move the 

charges producing the field: the value ~ will corr­

ectly determine the field due to these other charges, 
at that point. 

8 and 10. These questions proved difficult, showing 
some limitations in the abilities of candidates to 
understand and use the mathematical language of 
physics. Only 28~;,; of candidates could recog_nize 
that the equation of question 10 was essentially 
of the form y = mx + c. 

13 14 and 15. This was an attempt to ask three 
quc~tions all related to one spccifi_c sit_uation at 
three levels of ability as set out m p.1v of the 
Teachers' Guide. (Q.13 Level A, Q.14 Level B and 
Q.15 Level C.) The variation in the difficulty of the 
questions suggests the attempt was reasonably 
successful. 

16. This question proved difficult considering !he 
emphasis given to this point in the Teachers' Guide 
p.48. . . 

23. Another difficult question. The quest10n 1s 

best answered graphically considering the component 
of the polarization passing through the next plate. 

29. Although this question discriminated well, the 
facility level (34°1,; correct) is surprisingly low. 

30. This question proved difficult, it. wa~ hoped 
ideas of resonance would be related to this s1tuat10n, 
and the idea that some inductance in the circuit 

• would lead to an increase in the current. 
35. The generality of the principles of conservation 

of momentum and angular momentum did not appear 
to be appreciated by a large number of candidates. 
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E.S. Phy:.ics-3 

TABLE I 

l 2 3 lj 5 6 7 8 9 
T H L T H L T H L T ll L T H L T H L T H L T H L T H L ---· . 

A 57 46 57 47 68 30 3 l 5 19 15 21 20 19 15 22 12 23 33 23 35 l 0 2 34 28 38 
B 10 10 14 10 8 23 55 47 54 51 64 45 8 5 11 22 6 36 25 38 15 3 l 6 45 59 40 

C 30 42 26 19 15 26 13 6 20 24 10 23 21 14 33 36 66 17 15 16 22 6 6 8 15 7 111 

D l 2 1 4 3 6 6 9 6 5 2 8 43 61 28 16 11 16 27 22 26 60 44 61 2 1 2 

E 1 l 0 11 5 12 23 38 14 1 0 2 6 1 9 3 4 4 - 28 49 19 3 4 3 

~I~. 0.23 0.43 0.32 0.23 0.30 0.48 0.07 0. 32 0.29 

10• 11 12 13 14 15 16 17 18 

T H L T H L T H L T H L T H i. T H L T H L T H L T H L 

A 28 55 10 71 88 S4 10 9 14 76 92 57 40 73 23 6 3 8 22 24 26 9 6 11 12 2 22 

B 71 45 89 111 5 25 11 6 16 5 2 11 s 2 7 24 43 13 18 27 13 9 10 9 3 1 6 

C 1 0 1 11 6 14 so 65 3S 4 2 8 7 3 7 47 38 49 S7 48 58 30 22 38 79 94 62 

D 3 1 6 29 21 34 12 4 18 9 7 10 8 2 11+ 2 l 2 111 57 29 3 2 5 

E - - - 3 0 5 38 15 so 14 13 1S - - - 10 6 12 1 0 3 

DISC 0.47 0.41 0.36 0.40 0.62 0.44 0.14 0. 35 0 39 

Q.10 A - correct B - incorrect C - no attempt 

TABLE I contd .. 

19 20 21 22 23 24 2S 26 27 

T H L T H L T H L T H L T H L T H L T H L T H L T H L 

A 25 14 36 62 80 45 31 26 32 27 14 38 22 33 13 4 1 6 16 12 18 5 1 8 13 2 20 

B 2 0 3 14 7 19 9 7 10 11 8 6 4S 41 48 12 6 17 52 65 46 11 10 11 11 7 14 

C 9 7 9 3 1 4 9 2 14 2 1 2 6 7 8 6 1 11 10 8 10 21 15 28 41 55 26 

D 57 67 48 3 2 4 39 58 26 6 0 10 6 4 8 10 10 H 9 6 10 21 14 27 11 10 18 

E 6 11 2 17 10 25 12 6 16 53 77 42 18 14 19 65 80 49 11 8 13 42 59 22 23 26 18 

DISC 0. 31 a.so 0.37 0. 47 o. 31 0. 36 0.32 0.42 0.36 

28 29 30 31 32 33 34 35 

T H L T H L T H L T H L T H L T H L T H L T H L 

A 13 8 18 8 l 13 46 52 42 85 94 74 20 12 22 12 10 18 6 4 8 16 7 22 

B 13 6 18 44 30 55 19 27 11 3 2 5 16 12 19 27 1S 37 28 52 12 36 32 38 

C 14 5 71 24 8 4 10 6 6 7 5 l 10 6 5 10 so 68 33 14 6 21 10 7 12 

·D 8 5 10 4 3 6 19 9 26 5 2 7 55 70 45 8 6 8 34 29 36 28 51 14 

E 19 8 27 34 62 12 8 6 10 1 0 .l 1 1 0 - - - 15 7 18 8 2 10 

DISC 0.49 0.61 o. 21 0.35 0.38 0.41 0.41 0.37 



I.3 Further analysis of the Scholarships Physics Examination, 1973 

As the author was involved in the detailing of the objectives 

of the seventh form course (CDU, 1973, p. iv-v) and was chief 

examiner for Scholarship Physics in 1972 and 1973, many of the 

ideas and perceptions about objectives and assessment procedures 

outlined in this thesis closely relate to the objectives and 

assessment procedures used with the Scholarship Physics candidates 

in 1972 and 1973. This is apparent to some extent in a comparison 
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of the seventh form objectives with Table 5.1 and from the examiner's 

report on the 1973 examination (Appendix I.2). Objectives A to D 

in the examiner's report roughly correspond to the complexes of 

Objectives I to IV of Table 5.1 with some minor changes. 

Principal components analyses of the marks on questions in 

the 1972 and 1973 examination papers showed that, as with the 

first year physics analyses, the score obtained on any question was 

a complex function of question type, position of the question on 

the paper, content covered and the objective assessed. Where 

structured questions were involved (Questions 1 to 4 in Part I 

of the Scholarship Physics paper, 1973) they tended to be more 

highly correlated even though the answers to one subquestion were 

not necessarily dependent on an earlier subquestion. For example, 

Table I.l shows a component analysis of the subscores on the 

free-format question (Part 1) for the 1973 Scholarship Physics 
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paper ._ 1 
As stated in the examiner's report, objectives were designated 

in terms of the examiner' s i· nter1tJ..· 0 11 • J..n setting the questions. The four 

significant factors accounted for 50% of the variance.2 However, these 

factors identified the way questions were grouped in ternrn of the 

position on the paper and of content areas covered rather than on 

different objectives. Table I.l is of interest a.s it is also typical of 

results obtained from component analyses of tests and examinations of 

the first year courses in the cases where long questions involving 

structured questions were analyzed. 

To obtain a closer comparison between attainments in the 

Scholarships examination and the results in Chapter 8, particular 

subtotals were extracted from the 1973 Scholarships paper. It was 

possible to obtain subscores of achievement on objectives closely 

related to many objectives of the first year courses. In addition, the 

achievement of each objective was normally measured by procedures similar 

to those used in Chapter 8. Four multiple-choice questions were used 

to obtain a relatively content free score for the attainment of the 

objectives corresponding to the first year objectives, I(B) to III(C) 

of Table 5.1. Further, some of the free format questions in the 

Scholarships examination paper were directed toward experimental 

objectives closely related to the experimental objectives of the first 

year courses. In this way subscores were extracted from the Scholarships 

Physics examination which were similar both in terms of assessment 

technique and objectives to the subscores analyzed with first year 

students in Chapter 8 (with regard to Objectives I to IV of Table 5.1). 

1An eigenvalue criterion of A> 1.0 was taken in this analysis as 
larger numbers of students were involved giving greater stability to 
correlation values (A 1 = 5.8, Az = 1.7, A3 = 1.4 and A4 = 1.2). 

2fypically the inclusion of subscores of multiple-choice questions 
such component analyses was found not to introduce extra factors. 
multiple-choice totals would load on factors already present. 

into 
Rather 
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Table I.l Principal components analysis of the free format questions 
in the 1973 Scholarships Physics Examination 1973 (N=463) 
with factor loadings ~0.5 shown. 

Question Objective Factor Loadings 
Percentage Percentage 

Standard 100h 2 Number Intended 
II III IV .Mean 

Deviation I 

ll\ (A/D) 0.6 62 25 45 
113 A 0.7 81 24 45 
lC B 0.7 42 32 54 
lD C 0.5 31 33 35 
2A A 0.6 52 36 51 
2B B 0.6 31 29 49 
2C (A/13) 0.6 41 31 51 
2D C 0.5 33 25 38 
3A A 0.6 52 27 52 
3B (A/B) 0.5 51 27 47 
3C B 0.5 67 36 47 
3D C 0.6 12 19 46 
4A D 0.9 50 25 75 
4B D 0.7 31 31 62 
4C D 0~8 80 50 70 
SA (A/C) o.s 62 24 40 
SB D 0.5 39 31 32 
SC C 0.6 46 39 47 
SD D 0.7 44 30 61 
SE (A/B/C) 0.7 35 28 51 
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A principal components analysis of the subscores from the Scholarships 

examination yielded the results of Table I. 2 which is not dissimilar to 

aspects of the analyses in Chapter 8, particularly Table 8.5. However, 

the two significant factors account for only 40% of the variance. 3 This 

low variance results, at least in part, from the narrow ability range of 

the Scholarship candidates who form only 15% of the total number of 

seventh form students. 

Of wider interest from a seventh form examining point of view is 

the relationships between the components of achievement and other 

aspects of the educational system. In addition to details of a 

student's achievement on different questions in the 1973 Scholarships 

Physics examination, each student's marks in other subjects as well as 

his grand totals in Bursary and Scholarship were known. 4 A reasonably 

reliable, if not perfectly valid, measure of achievement in each of the 

Objectives A to D of the seventh form syllabus was obtained from a 

combination of multiple-choice scores on each objective (Table I.2) 

with subscores on the same objective obtained from the free format 

questions (Table I.l). Only questions which could be unambiguously 

classified were included. (Bracketed objective subscores from Table I.l 

were not included.) The means and standard deviations are provided in 

Table I.3 for these subscores, both for all candidates (N = 463) and 

for those whose total mark was at least one standard deviation above 

the mean (N = 70) . 5 Correlations of the total score on each objective 

with the Scholarship total derived from all eight papers sat showed 

3An eigenvalue criterion A> 1.0 was used (A 1 = 3.9, A2 = 1.6). 

4Bursary total is the total 
Bursary level. ScholarshiF 
mark in Scholarship papers 
at Bursary level. 

mark in five different subjects at the 
total is the Bursary total plus the total 

in three subjects selected from those sat 

SA function of a scholarship examination is to discriminate amongst 

such able candidates. 



Table I.2 Principal components analysis of the objective subtotals in the 1973 Scholarships Physics 
examination 1973 (N = 463) with factor loadings >0.5 shown. 

Question Objective 
Equivalent Factor Loadings Percentage Percentage I 
First Year Standard 100h 2 

Numbers Intended Objective I II 
Mean Deviation 

12,29,32 A (Recall) 0.6 46 30 36 

10,11,18,27 A I(B) 0.6 55 25 39 

8,13,17,22 A I(C) o.s 49 26 32 

4, 5, 9,28 B II (A) 0.5 45 26 28 

6,14,25,34 B II (B) 0.6 49 26 46 
Part II 1, 2,19,20 B II (C) 0.6 49 25 36 

7,16,23,30 C III (A) 22 21 9 

3,15,21,26 C III (B) 0. 6 32 26 38 

24,31,33,35 C III (C) 0.6 59 26 37 
' 

4A D IV(E) 0.9 so 25 73 

4B D IV(E) 0.8 31 31 63 
Part I 4C D IV(A) 0.8 80 so 71 

5B D IV(B) 39 31 13 

5D D IV(C) 0.5 44 30 28 

w 
u, 
I-' 
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Table I.3 .Means, standard deviations, and correlation coefficients 

for all candidates (N = 463) and for the best candidates 

(N = 70) 

Maximum Mean Standard Deviation 
Objective Possible Mark All Best All Best 

A 20 11.1 15.8 3.4 1.9 

B 23 10.4 17.2 4.3 2.4 

C 23 7.8 12.5 3.4 2.8 

D 19 8.9 13.2 4.1 2.7 

Correlation Coefficients 

Objective Scholarships Bursary 
Grand Total Grand Total 

All Best All Best 

A 0.75 0.19 0.68 0.29 

B o. 77 0.31 0.68 0.41 

C 0.69 0.15 0.61 0.32 

D 0.62 0.24 0.54 0.27 
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that the Objective B scores correlated most highly with the Scholarship 

total for not only all candidc.tes but also for the subset of most able 

candidates. 

It had been hoped that the Objective C questions involving higher 

skills may have more adequately discriminated amongst the students, 

particularly the most able. Two possible reasons why this did not 

occur are: 

(i) All the Scholarship candidates sat BURSARY PHYSICS (N = 463), 

of these all but one sat BURSARY MATHEMltTICS. 344 candidates 

sat APPLIED MATHEMATICS while 447 sat BURSARY CHEMISTRY. 

The Scholarship grand total for the physics candidates is 

likely therefore to be dependent on mathematical ability. In 

fact the highest correlation between a Bursary score and the 

Scholarship grand total was for BURSARY APPLIED MATHEMATICS 

(0.87). As shown in Model 2, Chapter 11, Objective B 

(particularly related to Objectives II(A) and II(B) of 

Table 5.1) is dependent on mathematical ability. 

(ii) One of the problems of asking high level questions 

(Objective C) in an examination is that even in an examination 

where no choice is available, students can choose not to 

attempt a question. Particularly if a paper is long and 

students are rushed, a capable student will appreciate the 

difficulties of a question and pass over it in search for 

ql.lestions about which he is confident and from which he 

knows marks can be easily obtained. On the other hand, 

weaker candidates will attempt Objective C questions 

(particularly of an Objective III(A) of Table 5.1 type) either 

because they do not appreciate the subtlety of the question 

or because the question does not require recall information. 

This problem is clear from discussions with "capable" students 
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scoring.low marks on Objective C questions and from the fact that 

unique factor loadings often appear on Objective III(A) (of Table 5.1) 

questions. 6 

In addition to the disappointingly low correlation of -::he 

Objective C scores to the Scholarship awarding mark, the low correlation 

of the experimental objective is of interest. At least two possible 

reasons for this result can be put forward; 

(i) there is a wide variety of experimental work undertaken in 

schools, 

(ii) there is a novelty about these "experimental" questions in 

that such questions are not found in the Bursary paper. 

The above results indicate the possible interest in models of the. 

national system particularly if different aspects of assessment are 

seen as assessing diffe::::cnt objectives. It would be interesting to 

know, for example, what predictive validity in the long-term is 

associated with each of the objective scores (A to D) considered in this 

appendix and to monitor how these relationships change with changes in 

assessment methods, teaching techniques and the objectives themselves. 

6For example a principal components analysis of the multiple-choice 
subscores fr~m Table I.2 yielded two factors. All loadin~s o~ factor 2 
were less than 0.4 after a varimax rotation except for ObJective III(A) 

which was 0.9. 
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APPENDIX J 

TYPICAL PRETEST INFORMATION (1971) 

UliJVJ!;B§!TT OF WAIK.ATO 

:F'.hJ:?,ioa F,duce.tion Analynis 

ft- Ft Co~rsot Ant.-ve-r 3 
SU'ltt,uit Complete Tes't Complete Test Complete Test 

--

, Je"(£) B IE. f-

/0 5'3 J..~ 52.. 
------. 

117 1./-~ 3/ 15'! 
O· 61.f. O·L/-2 O·~o i 0·5'7 
O·'Sf/ 0·3/9 c,.~o d o-~ 

Tot~l Top Lower Total! Top Low'!lr i Total Top j Lo-wsrli Total Top ·/ Lowor 
- -- ---·····-· 

!' i t) s- I 0 0 i 2 0 0 I' 0 !3 i' ----
0 ..6 0 13 1:2 I 

. 'l :,'.l. 0 I k4-' 0 ii 
---- -- -1r- ........ ---

go 30 ? 35" I :1. ,7 6 30 
I 

;;z.,. ! 12- I L,1,,, 
II 3 5" 2 I 0 2.. ,·2_ 0 I ! '1 2.. I 3·---

I I 

t 0 3 I 

3 
I 

I 3 ~ i ;l I o I::,.,. I i 0 0 1 I --··--
Applicabili ty/roleYanoo 

S\lcg9~ted. Applicability Input Ci] Output Cl 0 very 

Paoe Talidi ty g{£j 6 7 73.101 73.102 r-:-,B. I adequnte 
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Content Relnanos Cl 0 □ W 0 if. r<!lally neceirnary 

The rate of flo\7 of heat (R) through a metc-,1 bar depends on the radius of 
the bar (r), the length of the bar (1), and the difference in teo~erature be,ween 
its ends. (T2 - T1). 

A student investigates the rate of heat flow through a bar and obtains the 
following results: 

R (joule s-1) r(m) l(m) 

4 2 X 10-2 1 .o 
8 2 X 10-2 1 .o 

12 2 X 10-2 1 .o 
16 4 X 10-2 1.0 

36 6 X 10-2 1.0 

2 2 X 10-2 2.0 

1 2 X 10-2 4.0 

T2 - T1 (K) 

2 
4 
6 
2 
2 
2 
2 

prc,portir,nal to, 
2, ) r ,T2 - T1 

l-

JI.IH'We,: 
G ,. .... 
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APPENDIX K 

INPUT ASSESSMENT OF STUDENT ACHIEVEMENT 

The following battery of tests were used with entrant students in 

March 1974. Except for minor changes to a few questions they are 

identical to the tests used in March 1973. The questions were also 

used in schools in October 1974 with slight adaptation to front pages 

and answer sheets and with the exclusion of the Aptitude Tests. 

K.l Objectives and multiple-choice summary statistics. 

K.2 Part I Experimental Physics 

K.3 Part IB Aptitude Tests 

K.4 Part II Theoretical Physics 

K.5 Part III Physics Questionnaire. 



K.l Objectives and multiple h c oice summary st t' t' -a is ics (input assessment) 
357 

-J- ~·-- - ccp_ ,c Cognitive itn~~ (all 0 L • t· 
- -'-~ - F'"\..,OC , ,.,n~ ,..X 

+- V' ) and VI) 

*** 1973 1974 M.C. Facility Objective Test ( Di. scrimina tion) 
Question Part Question Content 

NurrJJer Number ** March March Oct 1974 
1973 1974 N=l93 - N 101 N 87 In Schools 

I (D) I 18 1 
I w 56(59) 6 8 ( 36) 4 5 66(33) 
I 9 

M 28(33) 43(59) 30(38) 
I 

10 F 59 (30) 59 (27) 5 3 ( 30) 16 17 F 54 (41) 57 (50) 60(43) I(C) II 11 11 
II 

w 37(44) 43 ( 32) 41(13) 17 17 
II F 5 2 ( 30) 59 (64) 55(64) 19 19 
II 25 

w 22 ( 0) 70(23)* 61 (36) 
25 

I(ll)/I(C) iD 
M 2 8 f-18) 52(23)* 54 (36) 

Additional C 
28 (II) 24 (I) ·w 26 (37) 34 ( 41) 34 ( 5 3) II 1 1 

Items C M 72 (26) 68 (-8) 77 ( 8) II 9 2 
C II 4 

F 39 (63) 32 (55) 33(47) 
4 w 44(52) 43(50) 40(26) 

II (A) II 7 7 M 5 4 ( 26) 
II 10 10 

52(32) 37(40) 
F 65 (41) 70 (23) 61(43) II 18 18 w 54 (19) 55 (45) 42 (53) II 20 20 w 35 (48) 34 ( 50) 42 (62) 

II(13) II 2 9 M 61 (41) 59 ( 2 7) 
II 15 

59(26) 
15 F 28 (41) 30 (41) 38 ( 4 5) II 16 16 M 26(30) 27(36) 34 (42) 

II 21 21 F 37(22) 30 ( 2 3) 27(43) 
II (C) II 5 5 F 13(19) 25 (14) * 29(32) 

II 8 8 M 42 (26) 55 (45) 35 ( 2 8) 
II 24 24 M 28(26) 34 ( 32) 24 (17) 
II 27 27 w 33(22) 48(41) 45(42) 

III (A) II 6 6 M 2 2 ( 30) 30 ( 59) 21 (08) 
II 12 12 F 4 3 (41) 50 ( 36 l 53(38) 
II 22 22 w 52(44) 59(64) 45 (49) 
II 26 26 M 19(30) 43(50) 24 (28) 

III (B) I 3 2 M 30(30) 43(68) 43(57) 
I 11 12 F 17(26) 41 (18) 32 ( 30) 
I 19 19 w 24(26) 30 ( 41) 25 (28) 
I 22 22 w 35(41) 32 ( 4 5) 35(36) 

III (C) II 3 3 H 43 (-3) 59 ( 4 5) 53(26) 
II 13 13 f' 61 (26) 66(32) 65 ( 2 8) 
II 14 14 F 56(30) 68 (45) 58(25) 
II 23 23 w 15 (11) 16 (0 5) 26 (23) 

IV (A) (i) I 5 6 GEN 
I 13 (a) 14 (a) GEN 

(ii) I 6 7 GEN 
I 13 (b) 14(b) GEN 

IV(D) I 7 8 GEN 
I 14 15 GEN 

IV(C) I 10 11 F 44(22) 52 ( 32) 43 (15) 
I 12 13 GEN 41(44) 41(36) 42(45) 
I 17 18 GEN 33(22) 39 (05) 19 ( 2 3) 
I 23 23 GEN 17(11) 52 (32)* 46 (25) 

IV(E) I 1 3 GEN 46 (11) 52(50) 64(53) 
I 2 4 GEN 44 (67) 41 ( 39) 50 ( 55) 
I 20 20 GEN 46(48) 64 ( 36) 57(75) 
I 21 21 GEN 15(22) 66 (32)* 61(66) 

IV(F) I 8 9 GEN 
I 15 16 GEN 

V(A) III (B) 2 2 GEN 48 (64) 59(44) 48(66) 
III (B) 3 3 GEN 50 ( 76) 63 (75) 50 ( 70) 
III (B) 5 5 GEN 40(64) 52 ( 4 7) 64(57) 
III (13) 6 6 GEN 46 (68) 31(50) 32 ( 5 3) 

V (B) III (B) 1 1 GEN 64(64) 70(53) 66 (57) 
III (B) 4 4 GEN 68(40) 70 ( 41) 7 3 ( 4 3) 
III (B) 7 7 GEN 54 (60) 58(66) 51 (53) 

III (Bl 8 8 GEN 24 (48) 22(31) 21 (42) 

* Some questions were modified usually to improve face validity .with respect to 
physics or the objective it was designed to measure. 

** M - mechanics, F - fields, W - waves. 

*** Discrimination index over all M.C. qucstions,except V(A) and V(B) questions for 
which discrimination was with respect to these objectives only. 
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(ii) Likert scale items, analyses of items sec Chapter 7.3. 

Objective 'l'est Part Questions March 1973, March 1974, October 1974 (Schools) 

V(C) III(B) 3, 8, 13, 18, 22, 26, 30, 33, (35] 
VI(A) III (B) I 2 J , 5, 7, 11, 16, 19, 24, 27, 31 
VI(B) I II (B) 4, 9, 12, 15, 20, 23, 28, 34, (36] 
VI(C) III (B) [ 1 l , 6, 10, 14, 17, 21, 25, 29, 32 

. 

[ ) items not included in total score. 

(iii) Content areas (objectives I - III only) 

Content Test Part March 1973 March 1974, October 1974(Schools) 

Mechanics I 3, 4 2, 5 

II 1, 2, 3, 6, 7, 8,16,24,25,26 1, 3, 6, 7, 8, 9,16,24,25,26 

Fields I 9,11,16 10,12,17 

II s, 9,10,12,13,14,15,17,21 2, 5,10,12,13,14,15,17,21 

Waves I 18,19,22 1, 9,22,24 

II 4,ll,18,19,20,22,23,27,28 4,11,18,19,20,22,23,27 



K.2 Part I Experimental Physics 

UNIVERSITY or WAIKATO 

73.102 Exoerimental Physics 

INTRODUCTORY TEST 

The following question are designed to test your background 
knowledge of those aspects of physics particularly related to 
this course ( PART Iv , and to gain some idea of your ability at 
tasks quite independent of your school background (PART B), 
The results of this test will not contribute in any way to your 
final assessment, rather they will be used to assign you to 
laboratory pairs , and assist us in helping you gain as much from 
this course- as possible. 

The results of these tests will not be published but your 
own result will be made available to you personally should you 
be interested. 

PART A 

Obviously your performance in this test will be related to 
your background knowledge of physics and experimental work, 
however, many questions are designed so that they can be answered 
from a limited background of physics. We ask that whatever your 
bac'kground you answer each question to the best of your ability. 
If you are reduced to a random guess on any question please write 
DK (don't know). 

Name.• .................•....•.•.•••• 
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1, A_transverse wave is moving in the positive x direction. The 
displacement of the med.ium is v and the diagram shows the 
position of the wave at time t-= O. 

y 

-v 

X 

360 

Of the following graphs, which one best represents the vari­
ation with time of the displacement of the point in the medium 
at P? 

y y 

® 
y 

© 

y @ y 

® 

A.rlswer . .......•• 

2. A pendulum, which consists of a small mass suspended on a 
string.is released from rest. The initial angle of the 
pendulum is 80 ° to the vertical, and the. length of the 
pendulum is 1 m. A student measures the period of motion 

of the pendulum as 2.20 s. Using the formula T = 2n/{ 
the period of the pendulum is c~lculated as 2.00s. 
(note: g = 1r 1 } • 

The reason for the difference between the experimental and 
theoretical values is that, 

A. no account has· been taken of the pendulum mass. 

B. a mistake has been made when calculating T from 
1[ 

T = 2,r / g . 

c. 

D. 

E. 

= ,r 1 is 
,r2 

as - = 1.007, the assumption that g 
g 

not warranted. 

experimental error has resulted in a value for 
the period which is too high. 

the formula T = 21r/2 does not really apply in 

the situation described._ Answer .....••• • 



3. 

4. 

5. 

t· ns 3 and 4 This data refers toques io 

h i ht in a t.::i.n:.:. ' . .'~ter flows Water is kept at a conS t ant • e ['" • .. ~ +-~l tuje:; of 
... \-. - " nu.~er of .:or~zcn" .:"""'"' the tank -.;i!'OU[.'1 c. • . 1 ""re - - ~"cs,.. .:u~cs -•'-'•·• • ,,, --sect1.on<1 "" '---"--' · · 1 -

different lengtns c...nd cross. ..... the s ,,,,f' level. ::'le vollll"lC 
are all attached to ;he. tan..-: ha~~ ~hes~-- tut.es :.n l ni.nute 
of water that flows .i.rorr. eac_ • • 11 0 •.1ina ta:>lc:-
(the flow rate) is recorded in the fo ~ · L 

Length of tube 
L 

10 cm 
2 0 " 
30 II 

30 II 

30 II 

Cross-sectional 
area of tube S 

0.010 cm 2 

0.010 II 

0.010 II 

0.020 " 
0.030 II 

!'"lo•.-1 rate 
V 

90 Ci.l J /r.iin 
45 II 

30 " 
120 II 

270 " 

Which of the following graphs would be the r;,os t useful in 
predicting the flow rates from tubes of vcn·ious lcni:;~hs, 
all of cross-sectional area 0.010 cm 2 , and all at this 
same level in the tank? 

against L 8. V against 1 C. V against 
A. V 

L 
V against 1 E. V against 1 D. 1:2 I:J 

L2 

Answer ....... , 

Which of the following graphs would be the ~8st useful in 
predicting the flow !'ates from tubes of ciffercnt Cr'0'>S­

sectional areas all of length 30 cm, and all at this sa~e 
level in the tank? 

A. V against s B. V against 1 
C. V ar,-,,inst s 

D. V agains·t 32 E. V against sJ 

1 
32 

Answer ....... • 

A par!icle moyes ~long the x-axis and its position as a 
function of time is :epresented by x = I\. sin (~.,t + ,:i). 

T~e path of the particle over a sufficiently lo:iCT tir.~•~ i:-,terval 
will be best represented by which of the followi~£ di~sr~~s? 

y 

® 
-A +A X -A +A X 

y 
y 

@ y 

® +A 
+A 

+A 

X X 

-A 
-A 

Answer ...... ••··•·• 



The followin~ data refers to ouestion 6 _ g 

Read the complete set of questions 6 - 9 before attempting to 
answer any question. 
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A long thin tube of clear glass has one end enclosed in a small 
steel box• The other end is sealed -:md appears to have a coat 
of "paint'_' on it. ~lectrical J?Ower is supplied to the box by 
a lead which olugs into the main and a switch is provided on 
the side of the box. 

'1 Switch 

Steel box 

Clear· lass tube Painted end 

• Spot --.....-------------

When the switch is turned on a small spot appears on the end 
of the tube after a few minutes. Although no beam is visible 
it is assumed that an invisible ray, or beam, is passing down 
the tube and producing the visible spot on the paint surface. 

6. A number of sugp;estions are put forward as to what the beam 
consists of. One suggestion is a beam of electrons. Give as many 
other suggestions as you can which are consistent with the 

7. 

known properties of the device. 

Answer The beam could possibly-consist of: 
(i) 
(ii) 
(iii) 
(iv) 

How could you check the idea that the beam co~sists of_ 
electrons? (Outline of method only (no practical details~) 
Predict what would happen in yo~r inves!igation ~f the beam 
is in fact electrons. (Very brief details one line only.) 

Ci) Method: .......... •••••••••···••••·•·•·•···•·····:······· 

(ii) Prediction if beam electrons:•••••••••••••·••··········• 

8. Give very brief practical details of how you would carry out 
the electron beam investigation • 
. . . . . . . . . . . . . . . . . . . . • ......................................... . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

If d . t" was in fact true, would this prove the beam 9. your pre ic ion 
was electrons? ................................. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

....................................... . . . . . . . . . . . . . . . . . . . . . . '" . 



10. 

11. 

The voltage across a component in an A.C. circuit and the 
current through the component are recorded simultaneously 
on a chart recorder. 

---/_-Vol toge 
t 

Current 

The phase relationship between the current and the voltage 
is best represented by which of the following rotating vector 
(phasor) diagrams. 

G[®' 
@ 

V 

c? 
® @ 

Answer . ....• 

An experimental set-up !o investigate standing waves in a 
string consists of a weight, frictionless pulley, stri~g and 
v~brating_strip (as shown below). The frequency of the 
vibrator is 100 Hz, and the weight w is adjusted to 
produc~ sta_nding waves, as shown. 'The' wav b wavelength of these 

es is given y the distance IK = JL = etc. 

H I J 
I I I 

Experimentally, the mo . 
would be obtained - st accurate value for the wavelength 

trom measurements of the distance , 
A. IL 

B.' HL 

c. IM 

D-. HM 

E. JK 

•• Answer ....... . 
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12. "~he electric field between two given by the equation V - Ed h charg~d parallel plates is 
the plate~ and ·d · -. were Vis the potential between 
field bet:ee his the d~stance b~tween them. The electric 

n t e plates is shown in the figure". 

The above description of the P 11 1 
electric field between two charged 

ara e plates is actually, 

A. quite correct, 

B. always a good approximation. 

C. sometimes a good approximation. 

D. quite incorrect. Answer ..... . 

13. Two quantities are expected to vary according to the law 
y = kxn where k and n are unknown constants, It is decided 
to choose values of x and measure the dependent y values. 
The x values should be chosen so that: 

A. they are equally spaced, 

B. they are random values. 
' C. the log x values are equally spaced, 

D. they values are equally spaced, 

E. the values are concentrated near the origin, 

Answer . ......• 



The following data refers to auestions 1~, 15 and 16 

(Questions 15 or 16 can be answered even if there is 
difficulty in answering the preceding question.) 

In a scientific paper, an author states that he has invented 
some very small sources which give out a strange radiation 
of wavelength 5 cm, travelling at a speed of 1000m s-L 

1~. It is suggested that this claim is most dubious. Well known 
radiations might account for the effect, except that their 
properties are in some way inconsistent with the data given. 

e.g. light - speed much greater and wavelength much s~aller 
than given data. 

Write down up to three types of radiation that vou know of 
(waves or particles) and state in what way their properties 
are inconsistent (or consistent) with the data given. 

Type of radiation Comoarison of orooerties ~o s,:i•1en data 

i) . ............. . . ..................................... . 
ii) ............. . . ...................................... . 
iii) ............ . . ...................................... . 

15~ ~ physicist reading the paper sayq "It 11 b bl b - a seems high!.y 
impro a e, ut I am g~ing to get some of the 1 ~ d 

15, 

the author's statement." Pro vi di "' . a.mp__. an check 
detectors were available su er n~ suituble aources and 
the order of roagni tude of th gg .,t ~ simple f:l 8 thod • for checking 
radiation. (Brief outline o~lspee _and wav~length of the 
acceptable.) Y - d.1.agramatic explanation 

Ci) Wavelength .................... 
. . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . 
. . . . . . . . . . . . . . . .• . . . . . . . . . . . . . . . . . . 
(ii) Speed ....................... 
• 0 ................................. . 

. . . . . . . . . . . . . . . . . . . . . . -.......... . 
The physicist obtains w 1 l some of the la ave en~ 1 and speed of the :,., . '. . mps and checks the 
He obtains the order of rnagn: ~d~at.1.on produced by the lamps. 

i u e values stated below 
Wavelength = 10 -7m ' 

Speed= 10am 6 -1 

What conclu8ion abou~ th 
make now that this n~w deatna~ure o~ the radiation a is available? would you 
•••••••••••••• 0,, •••• . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ......... .. . . . . . . . . . . . . . . . . . ................ . . . . . . . . . . . . . . . . . . . - ........... . . . _ ................... . . . . . . . . . . . . . . . . . . . . . . . 



17, I~ a certain region f distance x from- o s~ace, the electric potential Vat a 

E 

V 

a plane is represented by the graph below. 

X 

The relationship between 
V and the electric field 
Eis given by 

E = -dV 
dx 

The Eraph which best r 7pres~nts the corresponding values o: 
the electric field E with distance xis 

E ® E © E 

X X X 
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X 

Answe1" ....•.. .••. 

18, The potential difference versus current relationship for a 
thermistor is investigated over a certain current range. 
Initially seven readings are taken equally spaced over the 
current. range. These results are plotted below. 

Potential 
difference 

(V) 

0 

0 
I 

I 

9 

? 
I 
I 
I 
I 
13 

0 
I 

I 0 

I I C? Current(l) 

l4 15 16 

It is decided that there are insufficient measurements to 
clarify the relationship between potential difference and 
current. If more readings are to be taken it would probably 
be desirable to choose additional values of the independent 
variable, I, 

A, equally spaced between Io and I,. 

B. equally spaced between Io and I'. 

c. mainly concentrated near Io and I,. 

D. mainly concentrated near I, . 

E. chosen randomly within the range Io to I,. 
Answer .••••• 



19. The principle of superposition for waves onlv applies provided 

A. the wave motions are polarized in the same plane. 

B. the medium is not distorted beyond its elastic limit. 

C. the waves are travelling in the opposite directions. 

D. the waves do not cancel each other completely by 
destructive interferences. 

E. transverse wave motions are considered. 
Answer ..... . 

20. The rate of flow of heat (R) through a metal bar depends on 
the radius of the bar (r), the length of the bar (t), and ~he 
difference in temperature between its ends (T 2 - T 1). 

In an investigation of the rate of heat flow through the ba:-
the following results are obtained. 

R(joule s-1) r(m) t<m) T2 - T 1 ( K) 

4 2 X 10- 2 1.0 2 
8 2 X 10- 2 1.0 4 

12 2 X 10- 2 1.0 6 
16 4 X 10- 2 1.0 2 
36 6 X 10- 2 1.0 2 

2 2 X 10- 2 2.0 2 
1 2 X 10- 2 4.0 2 

These results suggest that R is proportional to, 

A. r 2 (T2 - Ti) B. r22- (T7 T 1 ) -c. 1 2 - T1 r 2 i 

D. r(T2 - Ti) HT2 - T 1 ) tz E. 
r 

Answer ..... . 

21. The potential difference across · 
from the values of the res is t~nc a r~s1.stor is to. be calculated 
the current, I, passing throu h-~, , of the resistor and 

g 1. t. ( V ::: RI) 

The values are, R = s.o _+ 0,1 ohm 

I = 2 ,0 ± 0.1 ampere 
The potential difference V ch 1 

' ' 0 ou d be quoted as 

. V = 10. 0 + z 1 
or-. uncertainty. The correct 1 - vo t' where z is the error 
which of the following valuesra ue for z would be closest to 

A. 0.1 volt 

B, 0.2 volt 

c. 0.7 volt 

D. 0.9 volt 

E. 1.0 volt. 

Answer ........ 



22. In developing his theory of the hydrogen atom, Bohr had to 
make a number of assumptions. To develop the formula 
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E -chR h . 
n = nT t coretically (where En is the electron energy, and 

n is an inteEer) which of the following assumptions is~! 
necessary? 

A. Coulomb's law applies. 

B. The electrons and the nucleus move about their 
common centre of mass. 

C. Angular momentum of the electron is an integral 
multiple of .....h2 if • 

D. Gravitational forces are negligible compared to 
electrical forces. 

E. The force on the electron is central. 
Answer ... .. . 

23. A spring is ext~nded 
other end is fixed. 
data was obtained by 
spring constant, k. 

by applying a force to one end. The 
The following total length versus force 
a student who wishes to determine the 

Note: spring constant k is given by 

Force 
k = Length of spring extension 

Force (N) 

0 
2 
4 
6 
8 

Total length (m) 

0.10 
0.26 
0.40 
0.75 
0.71 

If you had collected the above data you would next, probably 

A. 

B. 

c. 

D. 

calculate k directly from these results to be 

8 N m- 1 • 
a.IT 
draw a graph and calculate k forthwith as the data 
seems reas_onable • 

check some of the readings again, as the data 
is not self-consistent. 

check the first and the last reading <?nly, as 
these readings will be used to deterJI1.1.ne k. 

Answer . ...... . 

/contd ... 



24. The equation y = 2A sin kx cost wt represents, 

A. 

B. 

c. 
D. 

E. 

w a standing wave of frequency fi 

• ' 1 h ' -- 2,r a single progressive wave of wave engt A le 
w). a single wave progressing with velocity fi 

a standing wave of frequency A 
a single wave progressing with velocity~. 

Answer ....... . 
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K. 3 Part IB Aptitude Tests 

P A R 'f ]3 

N.A.!C3 . . . . . . . . . . . . . . . 
( i) AESTRACT 

INSTrtUCTIOtlS 

In this test you will see rows of cle-igns or figure, like those on this page. Each row is a problem. You are 
to mark your an~wC'rs as shown 111 the ~ample-; helow. 

Each row con~i•b ot four figurb c,tlled Problem Figures and five called Answer Figures. The four Problem 
Figures make _a ,cric,;. You arc to find c•ut which one oi the Answer Figures would be the next, or the fifth one 
in the series. 

Example X. 

PIWBLE:\1 FIGl'RES ANSWER FIGURES ANSWER 

\ I / I ( ·1 
A B C D E 

Note that the line,; in the Problem Figur~s are falling clown. In the first square the line stands straight up, 
aBd as you go from square to square the line falls more and more to the right. In the fifth square the line would 
be lying flat. So the answer is D, which is indicated as your Answer by filling in the little space ( D. ) 

ANSWER FIGURES ASSWER 

A B C D E 

Study thC' position of the black clot. '.',;ote that it keeps moving around the square clockwise: upper left 
corner, upper rivht cornrr, lower ri,:ht corner, lower left corner. In what position will it be seen next? It will 
come back to the upper left corner. Therefore, B is the answer, and you would mark your Answer ( B ) 

Remember-· You are to select the one figure from among the Answer Figures which belongs next in 

the series. 
\\Tork as rapidly and as accurately as you can. If you are not sure 

of an answer, mark the choice which is your best guess. 

DO NOT T(.;R:-,' THE PAGE U:-,'TIL YOU ARE TOLD TO DO SO. 

) 



PROBLEM FIGURES 

,. I = I :: I ~ I ~ I 
2

• lulolwlol 
30 I EB I EE I 88 I B;l I 

4. 
+ + D EE I 1 I rn 0 

I I 
+!rn I I 0 EE + 0 

5- L;: I :: I :: I ~ I 
G. I O I ~ I ~ I n I 

?- I ~ I 2b I ~ I ~ I 

ANSWER FIC;PHES ANSWER 

~~---
1 ~ i ~ : ~ ~ i ~ : 

I I 

'C_/ ' ~ '-._./ i ~ : 
----· '-------· ---' _ __J 

( ) 

A B C U C 

( ) 

( ) 

A B C 0 

IT 1 + + rn aj+ +I 
I D I 

I I I ~ 0 ! 1 I I 
( ) 

A B C O • E 

[;-i _[= I ~·f!J 
B C O E 

( ) 

1~1 □ 171~1~] 
B C O E 

( ) 

( ) 

GO ON TO nrn N!ZX1' PAGE. 

- 2 -
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This test consists of 40 patterns which can be folded into figures. For each p2tter:i, four figures are shown. 
You are to decide which one of these figures can be made from the pattern shov,n. The p:ittern always show, 

the outside of the figure. Here is an example: 

ANS',m 
Example X. 

I I 

A 8 C 0 

Which one of these four figures -- A, B, C, D, •- can be m2dc from the pattern in Example X? A and B 
certainly cannot be made; they are not the right shape. C is correct both in shape and ci7~. You cannot make D 
from this pattern. Therefore, C is the answer, :ind you would mark your . .\nswer ( C) 

- In the test there will always be a row of four figures following each pattern. 

- In every row there is only one correct figure. 

Now look at the pattern for Example Y and the four choices for it. Note that when the pattern is folded, 
the figure must have three gray surfaces. Two of th<!,,e will be large 5ttrfaces either of ·,vhich could be the top 
or the bottom of a box. The other is a small surface which would be one end of the box. 

Example y, ;.NSWER 

- 8 -
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Notice - all the fi~res made from this pattern are correct in shape, but the sides which you see are 
different. One of these fi~res can be made from this pattern while the other~ cannot. Look at the four choices: 

- Figure A is wrong. The long, narrow side is not gray in the pattern and the large surface must be gray. 

- Figure B is wrong. The large surface must be gray, although the gray end could be at the back. 

- Figure C is wrong. The gray top and end are all right, but there is no long gray side in the pattern. 

- Figure D is correct. A large gray surface can be shown as the top, and the end surface of gray can 
be shown facing towards you. 

So, you see, all four surfaces arc correct in shape, but only one shows the gray surfaces correctly. Therefore, 

Dis the answer, and you would mark your .-\ns\',;er ( D) 

must always be the outside surface of the completed 
Remember that the surface you see in the pattern 

figure. In taking the test: 

- Study each pattern. 

- Decide which figure can be made from the pattern. 

\Vork as rapidly and as accurately as you can. If you are not sure 

of an answer, mark the choice which is your best guess. 

UNTIL YOU ARE TOLD TO DO SO, 
DO NOT TURN THE PAGE 
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This test consists of 40 patterns which can be folded into ligun:5. For each p?.ttern, four figures are shown. 

You are to decide which one of these figures can be made from the pattern shown. The P3ttern alway, show, 

the outside of the figure. Here is an example: 

Example X. 
ANS:l!R 

I I 

A 8 C 0 I 

Which one of these four figures -- A. B, C, D, -- can be m2.dc from the pattern in Example X? A and B 
certainly cannot be made; they are not the right shape. C is correct both in shape c1nd ~.iu. You cannot make D 
from this pattern. Therefore, C is the answer, and you would mark your .-\nswer (C) 

- In the test there will always be a row of four figures following each pattern. 

- In every row there is only one correct figure. 

Now look at the pattern for Example Y and the four choices for it. Note that when the pattern is folded, 
the figure must have three gray surfaces. Two of these will be large 5urface5 either of -,,..hich could be the top 
or the bottom of a box. The other is a small surface which would be one end of the box. 

Example y. ;.NS\1/ER 

- 8 -
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Notice - all the figures made from this pattern are correct in shape, but the sides which you see are 
different. One of the5e figures can be made from this pattern while the others cannot. Look at the four choices: 

- Figure A is wrong. The long, narrow side is not gray in the pattern and the large surface must be gray. 

- Figure B is wrong. The large surface must be gray, although the gray end could be at the back. 

- Figure C is wrong. The gray top and end are all right, but there is no long gray side in the pattern. 

- Figure D is correct. A large gray surface can be shown as the top, and the end surface of gray can 
be shown facing towards you. 

So, you see, all four surfaces are correct in shape, but only one shows the gray surfaces correctly. Therefore, 

D is the answer, ar,d you would mark your .\nswer ( D) 

Rememtx>r that the surface you see in the pattern must always be the outside surface of the completed 

figure. In taking the test: 

- Study each pattern. 

- Decide which figure can be made from the pattern. 

\Vork as rapidly and as accurately as you can. If you are not sure 

of an answer, mark the choice which is your best guess. 

DO NOT TURN THE PAGE UNTIL YOU ARE TOLD TO DO SO. 

- 9 -



1 • 

C s __ _ L_ ___ __i__ ___ _ 0 

2. 

A t___ ___ ..,___ 8 C 0 --- -----------

·-.:·'.~"::'17. 

( 
3 • 

·, 

, __ _ ___y 

A 

4 • 

A 
C ·D 

5 . 01~___,__, Qg [ij 
A 

8 
C D 

- 10 -
GO ON TO THE N!::XT PAGE. 



370 

r------,-1 -------------- ANSW~R 

6, 

• 
-

• 

A C D 

A 8 C D 

8. 

A C D 

9 • 

A C D 

10 , 

A C D 

GO ON TO THE NEXT PAGE. 
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~~~) ("> 

A 9 C O 
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ANSl~ER 
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ANSWER 

) 

1-r~1 __ _ 
27, , t . • )-:- . I [J 

. ~ ;_:_~~\~~-;.-· ~-c_____, 

( ) 

A C D 

28, ( ) 

A S C D 

D 

A I C D 

GO ON TO THE NEXT PAGE. 
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·-------' 
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ANSWER 
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I A B C 0 
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37, 
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A C D 

( ) 

39, 

A 
C D 
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) 
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C 0 
A 

STOP. YOU MAY CHECK YOUR WOR 
KON THIS TEST. DO NOT TURN TO ANY OTHER TEST. 
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K.4 Part II Theoretical Physics 

UNIVERSITY OF WAIKATO 

73,101 Physics Test 1 

Backeround Knowledge and Familiarization Test 

Name: .......................... 

In answering the following questions reference can be 
made to the teY.t "Physics" (by Alonso and Finn), however, as 
considerable time can be wasted looking up information 
(particularly if the book is unfamiliar to you), it is suggested 
you first atter::~t all questions without the aid of your textbook. 

If necessary an intelliP,ent guess as a last resort is 
considered warranted, however, par·ticularly astnis test does 
not count toward the final result, purely random guessing is 
discouraged. Leave the space blank if you have ~o idea 
whatever. 

There are twenty-seven questions to attempt in 55 minutes. 
Few questions require detailed algebraic or numerical m,mipu­
lation. Do not spend too long on any one question. 

374 



1. 

2. 

375 

The diar,ram shows two ma~ h' · 
toEether. (Anart fron t;se~, w ich collide at X and stick 
fo;ces arc pr~sent). • e orces between the masses, no other 

Which of the following statements about momentum is true 
for this collision? 

A. The sum of magn.itudes of the momenta before 
collision is equal to the sum of the magnitudes of 
the momenta after the collision. 

B. The total momentum before the collision is equal to 
the total momentum after the collision. 

C. The total momentum after collision is less than the 
total momentum before the collision, because the 
collision is inelastic. 

D. Since the masses stick together it is impossible to 
make any conclusions about whether momentum is 
conserved or not. 

Ariswer . .... . 

If the pattern shown represents 
.a magnetic field what would 
happen to a stationary electron 
placed at point P? 

Magnetic 
Field 

A. It would move upward in a 
straight path. 

c. It would move 

D. It would move 

E. It would not 

B. It would move downward in 
a straight path. 

counter clockwise in a circular path. 

clockwise in a circular path. 

move. Answer ...... 



3. The relationship F = ma (where F_is the f~r7e on a particl! 
with mass m and acceleration a) is very similar,_at lea~t in 
form to T = Ia (where Tis the torque on a particle, with 
mome~t of inertia I and angular acceleration a, all with 
respect to the same axis or point). 

The similarity of these two formulae is, 

A. not surprising, as both formulae are based on 
Newton's second law. 

B. coincidental as they are independent in theory. 

C. purely coincidental as they apply to different 
situations. 

D. not surprising, as both formulae are really identical. 

E. not surprising, as both formulae follow from 
conservation of energy. 

Answer ..... . 

4. The energy of an electron according to the Bohr model of the 
hydrogen atom is given by 

2 

s. 

E - -e - 8 where e is the electron charge and r is the ne:or 
radius of the electron's orbit. 

This energy is the electron's, 

A. kinetic energy. 

B. electrostatic potential energy. 

c. 
D. 

E. 

kinetic plus electrostatic potential energy. 

rest-mass energy. 

nuclear plus electrostatic potenti"al energy. 
Answer ..... . 

A sphere with uniform ne~ati ve charae d · t Vol h 1 . _, ,, ensi y throurrhout i"ts ume as an e ectric field 1 · ~ 
given by E = -bx wh b . a ong a diameter XX', as shown, 

- - ere 15 a constant and~ is the vector OP. 
A proton (free to ~ove alon d" 
diameter, a distance Xo fro! t~ameter XX') is released on the 
reaches a dist<1nce Xo from th e centre.. The proton next 
the release point)-after, • t;e centre (diametrically opposite a ime T. 
What is the dependence Release of T on Xo? position 

A. T is independent distance 
of Xo. x 0 • from 

B. T is proportional to Xe,. 

c. ·r is X 0---P- x' proportional •<- . 
to Ix;. 

D. T is 
S ==-b~ 

proportional 2 to Xo . 
E. 1' is proportional to Xo,. • 

Arlswer . .......... 

o. 
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6. "The_period of a simple pendulum, and the period of a mass 
hanging on the end of a spring, would be greater on the moon 
than on the earth". This statement is, 

A. 

B. 

c. 

D. 

E. 

correct, as the decreased force of gravity would 
affect the pendulum and spring system equally. 

incorr~ct, as although_the period of the pendulum 
would increase,the period of the mass on the spring 
would remain the same. 

incorrect, as although the period of the pendulum 
would incrcase,the period of the mass on the spring 
would actually decrease. 

incorrect, as although the period of the mass on the 
spring would increase,the period of the pendulum 
would remain the same. 

incorrect, as although the period of the mass on the 
spring would increase,the period of the pendulum 
would actually decrease. 

Answer. , .... 

7. A flywheel rotates 200 rad in 4 seconds. If the initial 
angular velocity was 10 rad s- 1 , the angular acceleration 
(assumed constant) during the 4 second period w~s, 

A. + 20 rad s- 2 

D. 

B. + 10 rad s- 2 

E. None of these 

C. - 10 rad s- 2 

Answer ..... . 

8. A cylinder, mass Mand radius R, has a.string wr~pped ~ound 
it. If it is let go it is found that if a certain tension T 
is applied to the string the cylinder ~ill.neither rise.nor 
fall, as the string unwinds, The tension in the rope will be, 

A. 

c. 
' E. 

MRg 
2 

Mg 

B. 

D. 

!i& 
2R 

2Mg. 

None of these. 

T 

Mass, M 

Answer ...... . 

A satellite orbits.the earth as close as possible t? the . 
earth's surface. Assuming the radius of the satellite's orbit 
is equal to the earth's radius R the period of the satellite 
will be, 

A. B. /gR c. ..!. /gR 2ff .,, b .. 
D. 

Answer ..... . 



10. 

11. 

12. 

The combined capaci!ance of 
circuit shown will be, the 

20fF 

~ 
A. 36.6µF B. 30µF 

c. lSµF D. lOµF 
30pF 

E. SµF. 

lOf-F Answez, .... • • 

When two waves of the same frequency and ampl~tude tra':'el 
in opposite directions alon~_a string.a_standin~ wave is 
produced. How does the amplitud7 of ch1s_st~nd1ng wave 
vary with position along the string,and time. 

A. It is independent of both time and the position. 
B. It C:epends only on time. 
c. It depends onl.y on position. 
D. It depends on both position and time. 

Answer ..... • 

"A charged particle moves in a uniform magnetic field Bin a 
plane perpendicular to the magnetic field. The path of the 
particle is a circle radius Rand in one revolution the particle 
moves a distance 2TTR. The force on the particle mass mis 
Bqv, where q is the charge of this particle. The work done by 
the magnetic field on the particle per revolution is Bqv x 2TTR." 

This sta·tement is incorrect because, 

A. the work done by the field is zero. 

B. the force on the particle is not Bqv. 

C. the particle will not move in. a circle. 

D. the distance the particle moves per revolution 
is not 2TTR. 

E. more than one of the above criticisms is coPrect. 

Answer ..... •• 
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13. The energy stored 
in an electric field in a vacuum is given by 

the relationship Energy/unit volume=~~ E2 
constant and Eis the 1 t . f" ~ ~o , where c 0 is a e ec ric ield strength. 

Would ~t be reasonctble to assume th. , . 
a gravitational field . . b ~~ thL energy density of 

is given Y tne relationship 
Energy/unit volume=½ k 2 where k • 
the gravitational field s~r;ngth? is a constant and g is 

A. 

B. 

c. 

D. 

E. 

No? bec~~se electric and gravitational fields are 
quite different. 

Ho, because gravitational fields do not contain 
~nergy although they are similar to electric fields 
1.n some ways. 

No, because E and g are defined in quite different 
ways. 

Yes, because electric and gravitational fields 
basically similar. are 

Yes, because the energy density of a magnetic field 
is given by ~ B2 • 

-'l-1 o .Answer ..... . 

14. A physics student states that there are too many laws to learn 
in physics and most of them can be derived from others. For 
example he says, 11 Gauss's Law and Coulomb's Law are both based 
on the same physical principle and we should only need to 
study one of these. 11 

Which of the following replies shows the best understanding 
of physics? 

B. 

c. 

D. 

"They are based on the same principle, the inverse 
square law for electrostatics, but they are useful 
in different situations." 

"They are not based on the same physical principle, 
one is about forces and the other about fields, and 
they are therefore quite separate laws." 

"They are certainly not thE; same law. Coulomb 1 s 
Law is an empirical (experimental) law while 
Gauss's Law is purely theory. 11 • 

"They are not the same law at all., Coulomb's. Law 
applies to point charges but Gauss s Law applies 
to spheres and other large charged objects as well." 

Answer ...... . 



15 

16. 

17. 

In the circuit shown the current 
111. through the 60 resistor will be, 

0.5 A r- -, A. 
6V1 I 3Jl. 

I I B. 1 A 
111.' 

I 
I I c. 1.5 A 

D. 2 A 

E. None of these. 
Answer . ....... . 

and velocity v, passes through A particle , mass m, charge q, t· fi"eld B which are mutually • f • ld E and maP:ne ic • • · . d 
an electric ie , , . 01 • undef, ected bv the combine • 1 The partic e is ~ · . 
perpendicu ar. • t regi'on where the electric , ld It then moves in o a • 
fie s: d" ~ f the particle in the magnetic field is zero. The ra iu~ o 
field B will be, - - - - -

A. 9.!! ..... 
at 

B. mE + + + + + 

Btq 

c. mBt 

Eq 

D. mB -Etq 

E. mBq . .- ... 
Et 

Answer.,•••· 

A charged capacitor contains potential ~ne:gy in the form of 
electrical potential energy. If the coil is connected to a 
perfect inductor, the capacitor will discharge through the 
inductor. At the instant when the capactor is first fully 
discharged the electrical potential energy will have been 
mainly converted to, 

A. heat in the wire of the inductor. 

B. potential energy in the magnetic 
field around the inductor. 

c. 

D. 

potential energy in the electric 
field around the inductor. 

kinetic energy of the electrons 
in the inductor. 

Pure capacitor 

Pure inductor 

18. The speed of sound in air is 330 m s- 1 • 
toward a fire station at 30 m s- 1 • The 
is emitting a sound of frequency 330 Hz 
The sound heard by the person will be, 

Answer.,••··• 

A person is moving 
siren on the station 
and there is no wind. 

A. unobtainable from the information given 
c. 330 Hz D. 360 Hz 

B. 300 Hz 

E. 386 Hz. 

Answer ... •••· 



19. 

20. 

378 

Light is incident on a flat f reflected ray is viewed thro~u~ ace_of glass, as shown. 'l'he 
~~-ro~atcd about an axis in t~e ~-piec~ of polaroid which can 
. is l.~ done the observer is i~ction of the beam. When 
intensity of light, most likely to notice that the 

A. 

B. 

c. 

D. 

is zero fo,.., 11 L a positions. 

remains constant but is 1 
than the incident intensi~;~ 

remains. cor:istant and equal 
to the incident intensity. 

varies from a low value to 
a high value. 

Glass 

Answer . .......•. 

Ultraviolet light of frequency 10 16 Hz is inc"d t surf d 1 ' . 1. en on a metal 
a~c an~ c ectrons ~re eJected from the metal. The work 

function OL the metal is 5 x 10- 19 J and Pl k' 6 63 x 1o-s"J . . . . anc s constant is 
· . s. The maximum kinetic energy· of the ejected 

electrons is, -

A. zero B. c. 1.8 X 1Q-113J 

D. 6.1 X 10-lBJ 
Answer ..... . 

21. A point charge -q of mass mis released from 
d1 from a fixed point charge +Q. The charge 
point distance d2 from +Q with speed, 

rest a distance 
-q will reach a 

A. ( 4,r~~m (d1 - d2 >)½ B. ( 2~iom 

Q - ( )½ [ Qq ~ d2 - d1 D. 2,re:om c. 
Answer ..... . 

22. Which of the follo~ing statements is incorrect? 

The concept of photons is necessary to explain the 

photoelectric effect. A. 

B. 

c. 
D. 

E. 

All photons travel at the same velocity in a vacuum. 

Photons have energies which depend on their wavelength. 

Photons behave in some situations like particles and 
in other situations like waves. 

Photons will only liberate electrons from a metal 
if they have a sufficiently long wavelength. Answer .....• 



23. The Bohr theory of the hydrogen atom showed that the spectral 
lines emitted from a hydrogen atom could be explained if it 
was assumed that the angular momentum of an electron in a 

h 
hydrogen atom was an integral multiple of fi• This assump-
tion, can be justified in terms of, 

A. Newton's theory of gravitation. 

B. Einstein's theory. 

C. Millikan's theory of fundamental unity of charge. 

D. the Kinetic theory. 

E. the theory of particle-wave duality. 
Arlswer ..... . 

2~. If the earth's mass were twice as great as it is, its period 
of revolution about the sun ( assuming it stayed in the same 
orbit) would, 

A. increase lJ times. 

B. increase 2 times. 

c. decrease by a factor of 2. 

D. decrease by a factor of lJ • 

E. remain the same. 
~nswer ......... 

25. A mass m is su. pported by two • . tt h d sprinfJ's. The end of one spri·ng 
1s ~ ace vi_a a long string t 0 
~t -o a rotatin8 arm so that the 
u ring approximates simple h • 
FORCED OSCILLATIONS in m. armonic motion und produces 

.,,, _!!,xed suppor/ Springs\ 

~ .___,,.___.,._____.._,.__~~1_;,---------e 

Small friction only • Rotating 
wheel 

If the rotating arm is stat· 
the oscillatini mass is O 2~o~ary, the natural period of 
rotated at a period of a.is s • The rotatin~ wheel is then 
rotate, then after a lon .• If the wheel continues to 
described as being • g time, the period of m • b , is est 

A. grea·ter than 0.20 s. 
B. 0.20 s. 

c. 0.15 s. 

D. less than 0.15 s. 

Answer .. ....... . 
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26. Is the following statement correct? 

27. 

"TJ:ie mome1!tum and kinetic energy of a particle moving in 
uniform circular motion is continually changing. 11 

A. 

B. 

c. 

D. 

E. 

Yes, because the direction of the velocity is 
c'?nt:i.1;ually changing and hence the momentum and 
kinetic energy are continually changing. 

No, because the magnitude of the velocity is 
constant and hence the momentum and kinetic energy 
are both constant. 

Yes, because the direction of the velocity is 
continually changing and hence the momentum is 
continually changing. 

No, because the magnitude of the velocity is 
constant and hence the kinetic energy is constant. 

Yes, because the direction of the velocity is 
continually changing and hence the kinetic energy 
is continually changing. 

Answer ..... . 

An airport (not drawn to scale!) is equipped with radio 
antennae X and X', 20m apart, which emit electromagnetic 
(radio) waves of wavelength 10 metres. There is a maximum 
signal along the runway. However, it is_sti;l possible for 
an aircraft some distance away to be flying in another 
straight line along which the radio signal is also a maximum. 
The smallest angle ,between such a line and the direction of 
the runway is approximately, 

,A. B. c. 
Answer ..... . 
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K.5 Part IIT Physics Questionnaire 

UlHVERSITY OF WAIKATO 

Physics Education Study Questionnaire 

MARCH 1974 

This questionnaire forms part of an analysis to establish 
the relationship between achievement in different aspects of 
physics and attitudes, background and environmental factors. It 
would be most helpful if you would reply to the following questions 
as honestly as possible. 

Whether you include your name at the end of the sheets 
is up to you (the infor~ation you provide will be useful irrespe­
ctive of this) however, we would like to follow your pro~ress in 
physics during this year and compare it with your background and 
interests. 

If a question is not applicable please write N~A. 

PART A 

1,, Last School: ......................... o •••• •••••••• Final Year •••••.• 

2. 

Bursary Physics (if sat) ..................... . 

Bursary H·aths (if sat) ........ : ..........•••.. 

Living 
(i) 
(ii) 
(iii) 
(iv) 
(v) 

Conditions 

Home (with parents 
Bryant Hall 
Student Village 
Private Board 
Flatting 

or married) Living conditions dur.ing 
term will be, 

AN'SWER . ..•.•••••••.•• 

3. What was the highest educational attainment in your family (mother 
or father) 
(i) 
(ii) 
Ciii) 
(iv) 
(v) 
(vi) 

". What is 

Ci) 

(ii) 
(iii) 
(iv) 
(v) 

some secondary school education (or less) 
school certificate 
6 or 7 form 
tertiary education (teachers college, technical inst. etc) 
university education 
university degree 

AN'SWER . ..•.••••••••• 

your present aim in doing 73.101/73.102 
to get something out of the course although I am not really 
sure I will be able to pass. 
to just gain a-pass. 
to pass comfortably. 
to pass with a good.mark. 
to pass with very high marks ANSWER 73 .101. ••••. •. 

73.102 ...... . 



1. 

2. 

3. 

5. 

6. 

7. 

8. 

9. 

10. 

- 2 -

PART B 

The purpose of the following statements is to find your 
opinion about a number of things related to physics. 

There are no "right" or "wrong" answers. What is wanted 
is an opinion which you should give as quickly and as accurately 

as you can. 

Your opinions to the statements should be given by choosing 
one of the following and marking the appropriate square on the 
answer sheet provided. 

Mark Column - SA - if you stron~ly agree with the statement 
A - if you~ with the statement 
D - if you diso~ree with the statement 

SD - if you stronply disagree with the statement 
N - if you cannot decide whether you agree or 

disagree with the statement. 

I sometimes think of a solution to a problem in 
physics when I am doing something quite unrelated 
to physics, 

Calculus is not really much use to a physicist. 

Physicists will never run out of new areas of 
investigation. 

Physics fascinates me. 

The use of mathematics in physics tends to make a 
relatively simple idea in physics seem much more 
complicated than it actually is. 

I often study topics in physics outside the syllabus 

I find it very convenient to be abln to ex h · 1 ·a ·- press 
p ysica i eas as mathematical equations. 

. 

There is no place in physics for hunches and guesses. 

I find the physics w t d interests. es _u y very relevant to my 

I consider it a 
la·test theories 
other aspect of 
physics course. 

~aste of t!me finding out about the 
in g~ophysics? astrophysics or any 
physics not directly related to my 

SA A 

1. 

2. 

3. 

4- • 

s. 

6 • 

7. 

8. 

9. 

10. 

N 

11. If ~athematical terms were not ad • • 
subJect would be much mor; enjo~;~le~n physics the 11. 

12. I find learning physics most enjoyable. 12. 

13. An imaginative and creati 
become an artist or writ vebsort of "!?erson should 
physicist. er ut certainly not a 

13. 

D SD 

-

-

,-

--
--
--



- 3 -

14, l!uclear ph~sics is an uninterestinr; subject which, 
if I were rrce to choose, I would wish to know 
nothing about. 

15, Physics is not really important to me. 

16, I find it convenient to use mathematics in physics. 

17, One important reason why I study mathematics is that 
I know it will be helpful in understanding physics. 

18, Physics is basically a "finished and dead" subject. 

19, Physics is hound to be more difficult if ideas are 
expressed in mathematical terms rather than words. 

20, Physics is an ir:mortant subject to me as I consider 
it such a funda.r:1ental science. 

21. I am not interested in trying to apply my knowledge 
of physics to the understanding of things that I 
observe or read about during the vacation. 

22. In general, physicists fi_r,d that an answer to a 
problem usually produces at least one other question. 

23, I find physics a most unsatisfying subject. 

24, The precise relationship between physical quantities 
is much more obvious if the relationship is expressed 
as a mathematical equation. 

25, I read a wide variety of physics books purely for 
interest. 

26, There will be no interesting and worthwhile investi­
gations left to do in physics by the year 200~. 

27, I find mathematics of considerable help in solving 
problems in physics. 

28, Physics is a very satisfying subject to study. 

29, I hardly ever read the physical science articles in 
popular magazines, for example "Time" or the local 
newspaper. 

30 I Physicists find that their subject is very.satisfy­
ing because it provides plenty of opportunity for 
creativity. 

31. I find it hard to understand ideas in physics i~ 
these ideas are expressed as mathematical equations. 
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SA A N D SD 

14. 

15. 
---1-

16. 

17. 

18. 

19. 

20. 

21. 

22. 

-· 

23. 

21}. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 



- 4 -

32. I never study physics except just before a test or 
exam. 

33. Physicists have had ~ome of_the~r most.cherished 
ideas shattered by discoveries in Physics. 

34. The physics we study is not relevant to my particular 
interests. 

35. Scientific processes lead to absolute truth. 

36. Physics is one of the least important subjects I 
study. 

PART C 

SA A N 

32. 

3 3. 

34. 

35. 

36. 

The followin~ eight multiple choice questions investigate your 
understanding of the nature of physics rather than your understanding 
of the principles of physics. Even if your physics background is 
not strong and some of the ideas a little strange, sufficient infor­
mation is provided within the question for you to ~ake a reasonable 
attempt at it. 

1. When new evidence that does not fit into a well established 
scientific theory appears, which one of the following do 
scientists do? 

A. Discard the theory and produce a new one. 

B. Modify the evidence in such a way that it does fit 
the theory. 

C. Modify the theory in such a way that the evidence 
can fit it. 

D. Design experiments to refute the iew evidence. 

Answer .. ....... • 

2. If ~n astronomer is asked to explain why some stars vary in 
their apparent brightness, he will most likely • hi"s 
explanation in terms of gi vc 

A. 

B. 

c. 
D. 

E. 

the loe:i.cal necessity for some stars at least to vary 
in brightness. 

verified astronomical data. 

precise mathematical formulae and equations. 

accepted scientific laws and principles. 

the theory of the expanding universe. 
Answer ..... ,•,_.• 

D SD 
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~ long st rine is_attachcd to a vibrating block which is movin 
in_S.H.I!. ac~or'd1.n7, t'? the mathematical equation 0.01 sin at.g 
Thi~ Pr'1oduc~J a wave 1.n the string which is described ma•he-
matica ly as ~ 

y = 0.01 sin (St - 120x). 

This des?rihcs a wave of constant amplitude, 
the a~pl~tude of the wave actually decreases 
the d~st~nce fr'om the block, increases. The 
equ';tJ..o~ ,,hove which is used to describe the 
string is hPst described as • 

incorrect B. an assumption 

however, in fact, 
slightly as x, 
mathematical 
wave in the 

c. a generalisation A. 

D. an idealisation E. an hypothesis. 

Answer ........ . 

4, A research physicist working in the field of high energy 
dynanics, o~scrves that in a nuclear particle interaction 
neither ~omcntum nor total energy is conserved. He suspects 
a third particle must have been present, and he therefore assigns 
a given mom~ntum and energy to the hypotheticai particle, in an 
effort to make the final total energy and momentum conform to 
the conservation laws. Is such an action scientifically accept­
able? 

A. 

B. 

c. 

D. 

E. 

Yes, provided that an investigation was then 
undertaken to try and detect the third particle. 

No because there is no reason for assuming that , . 
conservation of momentum or total energy will apply 
in this case. 
No because there is no reason whatever fol' assuming 
th; undetected third particle exists. 

Yes, because there is no reason to doubt the existence 
of the third particle. 
No, because scientists do not make guesses involving 
hypothetical ideas~ 

Answer . . , ...... . 



The following data applies to questions 5 - 7 

5. 

Ernest Rutherford at the beginning of th~s century ~d~ ~y 
measurements in the deflection of a-~artic~es by thin foils. 
Rutherford worked with thin metal foils ~hich he bombarded 
with a-particles from radio active polonium. 

THIN 

G---------1-.FOIL 
N!GLE ♦ 

POLONIUM 
SOURCE 

SCREEN 

Rutherford, in his investigation, found that only one 
particle in 10,000 was deflected more than a few degrees 
even though the foil was 400 atoms thick. 

(i) Rutherford sugeested that his results were explainable 
if the atom was considered orimarily empty space with a 
small heavy positively chareed nucleus at its centre. 

(ii) Assuming the nucleus was a point change, and that 
Coulomb's Law applied in this situution, Rutherford's 
ideas about the nucleus resulted in a prediction that 
the number of particles per second, N, scattered through 

any deflection,~, would be proportional to 1 

sin,.! 

In predicting the relationship Na 1 ~ , Rutherford 
sin,. 2 

assumed that Coulomb's Law about forces between charges would 
apply at very s~all distances for which it had never been tested 
before. Was this assumption reasonable? 

A. 

B, 

C. 

D. 

Yes, such ~n assu~ption was perfectly justifiable 
as Coulombs Law is a basic law of physics. 

Y1 ;s? as. Cou.lomb 's Law does not explicitly state any imitations as to th d" 
R th f e istance between charges 

u er ~rd was completely justified in his ' assumption. 

I:!'t~sh~idw:~ not unr~asonable to expect Coulomb's 
evid t small diS t ances and as there was no • ~n~e O the contrary th" 
Justifiable. is assumption seemed 

Yes, Coulomb's La, . b 
about forces b t ~ is ased on experimental evidence 
hold for any d~rween charges and therefore it must 

i~tance whatever between charges. 

Answer ..... ••••· 
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6, Rutherford ~as able to predict the number of particles scattered 
throu 0 h ,,.,., .,nr-ln ,-_., "~"''l~~-~ ... h 1 · · • -• ~.- ----, --· ,.,-~ ~J '-'~~ ......... t', ~ ,e nuc eus WdS a point cnarge. 
This state;r:ient about the size of the nucleus is • 

A. 

c. 
an idealisatior,. 

a prediction, D. 

E. a definition, 

B. a generalisation. 

an experimental observation, 

Arlswer . ........... . 

7. Ru~herford's initial ideas about the atom lead to a prediction 
which could be checked experimentally. Which of the following 
opinions about Rutherford's method of investigation shows the 
best understanding of scientific methods. 

8. 

A. Scientific ideas should not really be used to make 
predictions. 

B. Scientific ideas are most useful if they make 
predictions. 

C. Rutherford should have obtained all the experimental 
evidence possible before inventing any theory or 
ideas to explain his result. 

D. Rutherford proceeded in a rather unscientific manner 
in usine his initial results to invent a model, or 
theory, of atomic structure. 

E. As Rutherford's initial ideas were baged on experi­
mental evidence, there was no need to experimentally 
check his prediction. 

/JlSW(?l." • • • • • • • • • • 

The visible spectral lines of hydrogen 

by the equation}= 1.09677 x 10 7 <} -
are given.experimentally 

1 -2,) n ----I 
where n = 3,4,5 

A theory was developed by Bohr which predicted that the 
spectral lines of hydrogen are given by the equation 

---II 

On comparing equation I and II it wo.uld appear that 

A. 

B. 

c. 

D. 

there is complete agreement between experimental 
observation and theory. 

there is a slight discrepancy between theory and 
experiment but it is best ignored. 

an attempt shou.ld be made to modify the theory to 
fit the experimental results more closely. 

he theory is so close to.the experimental value 
as! b • that the experimental results are it is o vious . 
slightly incorrect, 

Answer . ......... . 

NAt-fE . • • • • • • • • • • • • • • • • • • ••• • • • • • • • • • 



The following data applies to questions 5 - 7 

5. 

Ernest Rutherford at the beginning of th~s century ~ade ~ny 
measurements in the deflection of a-~artic~es by thin foils. 
Rutherford worked with thin metal foils which he bombarded 
with a-particles from radio active polonium. 

THIN 

G----------+-FOIL 
N·lGLE ♦ 

POLONIUM 
SOURCE SCREEN 

Rutherford, in his investigation, found that only one 
particle in 10,000 was deflected more than a few degrees 
even though the foil was 400 atoms thick. 

Ci) Rutherford suggested that his results were explainable 
if the atom was considered orimarily empty space with a 
small heavy positively charged nucleus at its centre. 

(ii) Assuming the nucleus was a point change, and that 
Coulomb's Law applied in this situc:i.tion, .Rutherford's 
ideas about the nucleus resulted in a prediction that 
the number of particles per second, N, scattered through 

any deflection, cp, would be proportional to 
sin"! 

1 

In predicting the relationship Na 1 
cp , Rutherford 

sin,. 
2 

assumed that Coulomb's Law about forces between charges would 
apply at very small distances for which it had never been tested 
before. Was this assumption reasonable? 

A. 

B, 

c. 

D. 

Yes, such an assumption was perfectly justifiable 
as Coulomb's Law is a basic law of physics. 

Y7s? as. Coulomb's Law does not explicitly state any 
limitations as to the distance between charges, 
Rutherf~rd was completely justified in his 
assumption. 
Yes • t , as l.. was not unreasonable to expP.ct Coulomb's 
La~ to hold at small distances and as there was no 
!vitd~n?e to the contrary this assumption seemed 
Jus ifiable. 

Yes Coulomb's L • b b ' - ' aw is ased on exocrimcntal evidence 
~ 01dutfforces between charges and ~herefore it must 
no or any dirtan ht b ~ ce w a-ever etween charges. 

Answer .........• 
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Rutherfor'd • .. as ab le to pre di ct the number f t • 1 
th h .,.,., ., 1 }"' ,rr, ~-- ... O par l.C es scattered 

: 0 ur .• - ·-, .•• :-\[_e "J c._,.:,cl::1~,.,,, ... he nucleus WdS a point cha ... ge 
This stat•c:1,::1t about the size of the nucleus is - '" • 

A. 
c. 

u.n ideal i sc1. tior,. 

a prediction. D. 

E. a definition. 

B. a generalisation. 

an experimental observation, 

Arlswer . ........... . 

7. Ru~herford's ini~ial ideas c:11:>out the atom lead to a prediction 
wh:c~ cou}:l ~"' cnc_cLcd ex~er1.r.wntally. Which of the following 
opinions aDct.:t Rut:1('rford' s method of investigation shows the 
best und•~r:;tcrndinr: of scientific methods. 

A. Scientific ideas should not really be used to make 
predictions. 

B. Scientific ideas are most useful if they make 
predictions. 

C. Rutherford should have obtained all the experimental 
evidence possible before inventing any theory or 
ideas to explain his result. 

D. Rutherford proceeded in a rather unscientific manner 
in usin~ his initial results to invent a model, or 
theory, of atomic structure. 

E. As Rutherford's initial ideas were based on experi­
mental evidence, there was no need to experimentally 
check his prediction. 

/JlSW<?I" • • • • • • • • • • 

8. The visible spectral lines of hydrogen are given.experimentally 

by the equation}= 1.09677 x 10 7 <} ¾2> ---I 
where n = 3,4,5 

A theory was developed by Bohr which predicted that the 
spectral lines of hydrogen are given by the equation 

---II 

On comparing equation I and II it would appear that 

A, 

B. 

c. 

D. 

there is complete agreement between experimental 
observation and theory. 

there is a slight discrepancy between theory and 
experiment but it is best ignored. 

an attempt shou.ld be made to modify the theory to 
fit the experimental results more closely. 

5 the theory is 50 close to the experimental value 
ft is obvious tha~ the experimental results are 
slightly incorrect. 

Answer • •• • • • • • • • • 

NAt1!: .. • • • • • • • • • • • • • • • • • • • • • • • • • •• • • 
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APPENDIX L 

OUTPUT ASSESSMENT OF STUDENT ACHIEVEMENT 

The following questionnaire and examination papers were used in the 

first year physics courses in 1973 and 1974. 

L.l Objectives and multiple-choice summary statistics. 

L.2 The output questionnaire including attitudinal items, 1974. 

L.3 The theoretical examination 1973. 

L.4 The experimental examination 1973. 

L.5 The theoretical examination 1974. 

L.6 The experimental examination 1974. 
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L. l Objectives u:H1 P.'Ul ti;, lc-choi cc s t.:l:'.!:' . .:iry sta.tis t:i c.s (output assessment) 

(i) Cognitive itcrrs 

1973 1971 M.C. Facility (Discrimination)*~* 
Objective Examination Qucstic.;:-i Quei;t:.on Content** October 1973 October 1974 

Nur..ocr llurrber (I~ = 9 2) (N = 74) 

I(A) 101 C 8 C 7 M 75(15) 83(04) 101 Cl2 ClO F 55 ( 5 7) 52 (35) 101 C25 C23 w 45(37) 71(42)* 
102 C 9 Cll M 73(40) 71(35) 
102 ClB C23 w 67 (40) 73 (46) 

I (B) 101 Cl8 Cl7 F 52(70) 52 (27) 
101 C23 C25 w 53 (4 3) 63(38) 
102 C 8 Cl.0 M 62(50) 6 9 ( 31) 
102 Cl9 C22 w 55(17) 60(50) 
102 C 3 C27 F 52(43) 48(50) 

I (C) 101 C21 Cl9 F 52 (4 7) 52(50) 
101 C26 C24 w 40 (27) 46 ( 31) 
102 C 7 C 8 M 48 (37} 56 ( 4 2) 
102 ClO Cl3 M 4 2 ( 30) 52(65) 
102 Cl5 Cl6 F 55 (23) 52(42) 

II (A) 101 C 3 C 3 M 77 ( 33) 69(46) 
101 C 4 C 4 M 87 (27) 42(23)* 
101 C22 C20 F 50 (60} 60 (50) 
102 C22 C25 w 4 8 ( 70) 42(38) 
102 C27 C30 w 53(6G) 52 (58) 

II (B) 101 Cl3 Cl3 F 52 (37) 50(54) 
101 Cl6 C21 F 52 (57) 4 4 ( 50) 
102 Cll Cl2 M 48 (43) 67(42)* 
102 C20 Cl4 w 40 (27) 50 (62) 
102 C21 C24 w 38 (37) 46 (31) 

II (C) 101 C 7 C 6 M 17 (-12) 52(35)* 
101 C 9 C 8 M 38(30) 42(62) 
101 C24 C27 w 25(37) 25 ( 4) 
102 C 4 C 7 F 30 (33) 25(35) 
102 Cl4 C 9 F 53 (4 7) 62 ( 31) 

III (A) 101 ClO Cll M 43 (27) 35 (31) 
101 Cl5 Cl5 F 13(13) 21 (27) 
101 Cl7 C22 F 20 (40) 17(27) 
101 C27 C26 w 23(13) 29 (27) 
102 C24 C26 w 35(50) 46 (54) 

III (B) 101 Cll Cl2 M 28 (37) 37(35) 
C26(102) C29(101) w 42 (37) 38 ( 8) 

102 Cl6 Cl9 M 57(47) 67 (58) 
102 Cl7 C20 F 78(23) 73(38)* 
102 C28 C29 w 30(33) 35(31} 

III (C) 101 C 5 C 9 M 42 (30) 33(12) 
101 Cl4 Cl4 M 62(10) 56 (-3) 
101 C20 Cl8 F 60(47} 71 (42) 
101 C28 C28 w 25 (23) 27 (31) 
102 C 5 C 5 F 50(53) 69 (23) 

IV(A) 102 A 2 (b) BlO w 
102 B 5 B 7 GEN 
102 A 1 (b) B 5 M 

IV(B) 102 B 4 A 3(b) w 
102 A 2 (c) Bll F 

IV(C) 102 A l(c) A 1 (a) M/F 
102 B 6 A 3 (al w 

IV(D) 102 A 3 (al A l(b) F 
102 Dll B 6 F 
102 A 2 (al A 3(c) w 
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1973 19'14 M.C. Facility (Discrimination)*** 
Objective Examination Qu0c.ti.on Quc~t.ion Content•" 

NudJer Numbc:,r October 1973 October 1974 
(N = 92) (N = 74) 

IV(El 102 C29 C 1 GEN 63 (27) 69 (38l 102 C30 C 2 GEN 48(37l 42 (23) 
102 C23 C 6 GEN 68(43l 54 ( 31) 
102 Cl2 Cl5 GEN 48(70l 52(88) 
102 C25 C28 GEN 67(33l 58(54l 

IV (Fl 102 B B A 2 (bl M 
102 Bl0 IJ 9 F 

V(Al 101 C 6 C 5 M 57 (33l 52(12l 
C29 (101) Cl7(102) F 62 ( 3 7 l 40 ( 4l 

102 B 9 A 2(cl M 

V (!3) C 6 (101) C30 (102) GEN 88(17l 35(15l* 
C30 (101) Cl8(102) F 55(30) 69(46l 

102 Bl2 !312 GEN 

VII (A) 101 C 2 C 1 GEN 65(57) 62(38) 
101 C 1 C 2 GEN 83(20) 75(50l 
102 C 2 C 3 GEN 50 (53l 52(50)* 
102 C 1 C 4 GEN 87 ( 2 7 l 65(31) 
102 Cl3 C21 GEN 57 (60l 38(46l 

Objective Test Part Question 1973 - 1974 

V(C) Questionnaire B 3, 8, 13, 18, 22, 26, 30, 33, [35] 

VI(Al Questionnaire B [ 2 J , 5, 7, 11, 16, 19, 24, 27, 31 

VI (Bl Questionnaire B 4, 9, 12, 15, 20, 23, 28, 34,(36] 

VI{C) Questionnaire B [ 1 J , 6, 10, 14, 17, 21, 25, 29, 32 

[] items not included in total score 

Content Examination Question Number 1973 Question Number 1974 

Mechanics 101 Part C 3, 4, 5, 7, 8, 9,10,11,14 3, 4, 6, 7, 8, 9,11,12,14 

102 Part C 7, 8, 9,10,11,16 8,10,11,12,13,19 

Fields 101 Part C 12,13,15,16,17,18,20,21,22 10,13,15,17,18,19,20,21,22 

102 Part C 3, 4, 5,14,15,17 5, 7, 9,16,20,27 

waves 101 Part C 23,24,25,26,27,28 23,24,25,26,27,28,29 

102 Part C 18,19,20,21,22,24,26,27,28 14,22,23,24,25,26,29,30 

* sorre modification made from 1973 to 1974 to align question more with teaching and 
objective. 

** M - Mechanics, F - Fields, W - Waves. 
*** Discrimination over all M.C. questions including V(Al and V(B) multiple choice. 
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Supplementary 73.101 questions. 

Objective Examination 1973 1974 Content Question Nurrber Question Number 

Section B - Si1ort questions 

I (A) 101 B 10 13 10 w 

I (13) 101 B 7 B 7 F 

I(C) 101 B 6 B 6 M 

II {A) 101 B 9 B 9 F 

II (B) 101 B 4 B 4 M 

. II (C) 101 B 12 B 8 w 

lll(A) 101 B 5 B 5 M 

III{B) 101 B 8 B 11 F 

III {C) 101 B 11 B 12 w 

section A - Long questions 

I - III 101 A l A l M 

I - III 101 A 2 A 2 F 

I - III 101 A 3 A 3 w 
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L. 2 'I'he output questionnaire including attitudinal items, 1974 

UNIVERSITY OF WAIKATO 

Final Personal Questionnaire 

At the hepinninp of this year you were asked about your 
aim in takinp- courses 73.101 and 73.102, and about your 
attitude toward asoects of physics. For comparison, now at 
the end of the course, we would appreciate your honest 
answers to these same questions. All individual answers will 
be treated confidentially. 

PART A 

1. In MARCH you were asked where you were living during the 
term. As this may have chanred, please specify which of 
the following cate£ories of accommodation applied to you 
for the major part of the academic year. 

Accommodation 

Home (parents or married) 

Bryant Hall Accommodation during 

(i) 

(ii) 

(iii) 

(iv) 

(v) 

Student Village the term \Vas ••••••••••••••••• 

Private board Accommodation during the 

Flatting 
vacations was mainly ........ . 

2. In MARCH you were asked what was your aim in terms of the 
final results for physics courses 73.loI773.102. The options 
were 

(i) to get something out of the course although I am not 
sure I will be able to pass 

(ii) to just gain a pass (C- - C) 

(iii) to pass 1 n_ ( c+) comfortab y u 

(iv) to pass with a good mark~ (B) 

with very high marks~ (A) (v) to pass 
73.101 73.102 

As far as you remember what was your aim in MARCH? 

What do you really feel is your present aim? 

P.T.O. 



1. 

2. 

3. 

4. 

5. 

G. 

7. 

8. 

9. 

10. 

- 2 

PART B 

The purpose of the following statements is.to find your 
opinion about a number of things related to physics. 

is 
There are no "right" or "wrong" ans~ers. \-lhat is wanted 

an opinion which you should give as auickly and as accurately 
as you can. 

Your opinions to the statements should be given by choosing 
one of the following and marking the appropriate square on the 
answer sheet provided. 

Mark Column -. SA - if you stronglv a'?;ree with the statement 
A - if you agree with the statement 
D - if you cfisaiiree with the stater.1ent 

SD - if you stron~lv disa~ree with the statement 
N - if you cannot decide whether you agree or 

disa~ree with the statement. 

I sometimes think of a solution to a problem in 
physics when I~~ doing something quite unrelated 
to physics. 

Calculus is not really much use to a physicist. 

Physicists will never run out of new areas of 
investigation. 

Physics fascinates me. 

The use of mathematics in physics tends to make a 
relatively simple idea in physics seem much more 
complicated than it actually is. 

I often study topics in physics outside the syllabus. 

I fi~d it.very convenient ~o be able to express 
physical ideas as mathematical equations. 

There is no place in physics for hunches and guesses. 

I find the physics we study very relevant to my 
interests. 

I consider it a 
latest theories 
other aspect of 
physics course. 

~aste of t~me findin8 out about the 
in geophysics, astrophysics or any 
physics not directly related to my 

SA A 

1. 

2. 

3. 

4. 

5. 

6 . 

7. 

8. 

9 . 

10. 

N 

11. If mathematical terms were not used in physics h 
subject would be much more enjoyable. t e 

11. 

12. I find learning physics most enjoyable. 12. 

13. An imaiinative and creative sort of 0 ~~r 0 h 11 b t • r.:,. ,;;, n S OU r 
eco~e.an ar 1st or writer but certalnl• t 

physicist. Y no a 
13. 

D SD 

-

-
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14, l!ucle2r p:.ys i cs is an unintcrcstinr; subject which, 
if I_wcre free to choose, I would wish to know 
nothinz c:11.>out. 

15. Physics is not r~<,lly important to me. 

16, I find it conveP.icnt to use mathematics in physics. 

17. One irr.porta:1t r1c;2.son why I study mathematics is that 
I know_it will be helpful in understanding physics. 

18, Physics is basicc1J.ly a "finished and dead 11 subject. 

19. Physics is hour,d to he more difficult if ideas are 
expressed in mathematical terms rather than words. 

20. Physics is an imoortant subject to me as I consider 
it such a fund~~cntal science. 

21. I am not interested in tryin?, to apply my knowledge 
of physics to the understanding of things that I 
observe or read ubout durin~ the vacation. 

22. In general, physicists fir-d that an answer to a 
problem usually produces at least one other question. 

23. I find physics a most unsatisfying subject. 

24. The precise relationship between physical quantities 
is much more obvious if the relationship is 8Xpressed 
a_s a mathematical equation. 

25. I read a wide variety of physics books purely for 
interest. 

26. There will be no interesting and worthwhile investi­
gations left to do in physics by the year 2001. 

27. I find mathematics of considerable help in solving 
problems in physics. 

28. Physics is a very satisfying subject to study. 

29. 

30. 

I hardly ever read the physical science articles in 
popular magazines, for example "Time" or the local 
newspaper. 

Physicists find that their subject is very.satisfy­
ing because it provides plenty of opportunity for 
creativity. 

31. I find it hard to understand ideas in physics if 
these ideas are expressed as mathematical equations. 
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I SA A N D SDI 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

2 3. 

24. 

25. 1-, 
26. 

27. 

28. 

29. 

30. 

31. I I I 
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32. I never study physics except just before a test 
or exa.m. 

33. Physicists have had some of their most cherished 
ideas shattered by discoveries in Physics 

311. The physics we study is not relevant to my 
particular interests. 

35. Scientific processes lead to absolute truth. 

36. Physic~ is one of the least important subjects 
I study. 

PART C 

SA A N D 

32 

33 

34 

35 

36 

1. Since this time last year, would you consider your attitudes, 
towards physics =.is a subject (i.e. considering it as interesting, 
satisfying and useful as against boring, unsatisfying, and useless), 
have become 

(a) much more positive 
(b) more po::iitive 
(c) re~ained the same 
(d) more negative 
(e) much more negative, 

Answer . ............ . 

2. In general have your physics test marks been higher or lower 
than you anticipated in MARCH? 

(a) much higher than expected 
(b) higher than expect£d 
(c) more or less as exoected 
(d) lower than expected 
(e) much lower than expected 

Answer . ............ . 

3. In 1975 you will most probably 

"· 

NAME: 

(a) 
(b) 
(c) 
(d) 
(e) 

Major in pJ:iysics or B.Sc. (Tech) in Physics. 
Continue ~ith some_se~ond year physics courses. 
Transfer to a specialist degree BA c t' · - - . rch, B.Eng.etc, 

~n inu~ with a B.Sc. without physics above 1st year, 
Discontinue university study at least for the time 
being. 

Answer . ............ , 

SD 



L.3 The theoretic.:i.l ,,xz-irn.ination, 1973 

73,101 PHYSICS 

('rir.ie f,llovcd: Three hours) 

This paJJc:r consists of three sections. Marks may be 
gained fron; all CJ.tll:stions attempted. 

C.-rndidi!tcs :-:1;iy bring "Physics" by Alonso and Finn or 
II ru ' . , l. • • j"l' • • II nt,,11,.-~:1.:.:i..1. m1.v2r~J.ty ny~~J.cs , Vol. I and II, into the 
examintttio:-i roor:1. 

. The usc_of log_tables, slide· rules and drawing 
1nstrur.,s2r.t s 1.s pc,r:i,1. t tcd. 

'lrrIS PK'[R I ;l_".:iT rn:: llfND"SD IN' TitD TO t,NS'.\'f,R BGOKIET. 

SECTIOH A 

This section consists of THREE questions. Each question 
is wor·th 12 marks. 

SECTION B 

This section consists of NINE short questions. Each 
questions is worth 4 marks, 

SECTION C 

This section consists .of THIRTY multiple choice questions 
and is worth 36 marks. 

All answers to this section are to be recorded on the 
special answer sheet provided. Select the best answer from 
the alternatives provided. 

( con tir.ued) 

TURN Oi'ER 
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continued - 2 -

SECTION A 

1. 

2. 

A solid cylinder of uniform mass density, has total mass M, 
and radius Rand rests on a horizontal surface. It is 
attached to two opposing springs, as shown, via a light 
framework of negligible mass. 

When the system is displaced a distance ~ from its equili­
brium position the force on the cvlinder is -kx, where k 
is a constant. The cylinder rolls and does not slip on 
the surface. 

(a) If the cylinder is rolling with a velocity of centre 
of mass, v, write down (in terms of v, Mand R) an 
expression for 

(i) 
(ii) 
(iii) 

the angular velocity of the cylinder 
the rotational kinetic energy of the cylinder 
the total kinetic energy of the cylinder. 

[4 marks) 

(b) From a consideration of the total energy of the mass 
spring system, or otherwise, show the period of 
oscillation of the system will be 3rr s, if M = 3 kg 
and k = 2 N m- 1 • 

[IJ marks) 

(c) Discuss the assumptions made in the above about 
friction 

(a) 

(i) between the axle and the frame 
(ii) between the cylinder and the horizontal surface. 

Is it reason~ble _to assume conservation of mechanical 
energy in this system? Why? 

The Faraday-Henry 

-d.JB 

dt 

Law is 

[4 marks] 

(Question 2 continu•d 
ne.:rt page) 



continued 

where 

- 3 -

= r 
js B 

= f L i: • dt 

( i) • DP.fine and explain all terms in these three 

(ii) 

:riuat i 0,1s, incl1.1ding the !:leaning of the 
:...nter;r,~l signs. 

Is the integral 

the same as Is ~-dS? Explain. 

[6 marks] 

Cb) A current of I per turn flows in a long solenoid of 
n turns per unit length. A square loop of one turn 
only and of side bis placed inside the solenoid 
and so orientated that the normal to the plane of 
the loop makes an angle a with the axis of the 
solenoid. 

(i) Obtain an expression for the flux passing 
through the loop, in ter~s of the above symbols. 

(ii) 

[4 marks] 

Show that the mutual inductance between the 
loop and the solenoid is M = ~0 nb 2 cos a. 

12 mad~s] 

3. Under ccFtain conditions, the speed of waves on water is 
given ar,proximately by v = lgn, where h is the depth of 
the water, and hence the wave equation becomes 

where y represents the surface 

<lisplacer:-ient. 

(a) 

(b) 

( i) 

(ii) 

Write a s6lution for this equation for 
sinusoidal waves of wavelength>.., moving 
along the negative x direction. 

Why ar·e waves of this type referred to as 
"simple harmonic" waves? 

[ [4 marks] 

Waves from a straight wave gene~ator, in.a ripple 
tank pass over a boundary ab be~ween regions of depth 
0.3 cm, and 0.2 cm as sketched. 

(Questions3 - continued 
next page) TURN OVER 
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straight 
wave 
generator 

- 4 -

h = 0.3 cm b 

h = 0.2 cm 

Will the waves be refracted toward or away from 
the normal? Explain briefly. Determine the angle 
of refraction of the waves from the boundary. 

[I+ marks] 

(c) A more accurate expression for the velocity of water 
waves is 

for h<<). 

In a particular ripple tank 

T = surface tension= 10- 1 N m- 1 

P = water density= 10 3kg m- 3 

and A= 2rr x 10- 2 m 

(i) Is the expression v = lgn an adequate 
approximation in this case? 

<ii) Will waves with a speed adequately represented 

by v = /gn 

and/or 
v =/h[g +{2lT)2'.!:.] exhibit dispersion? 

). P 
Explain. 

[I+ marks] 

( continusd) 
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continued 
- 5 -

SECTION B 

4. f.: plank of we ~~ht l'J0 k~f and length 10 m is supp,')rted at 
its centre po:nt. A weight of 20 kgf is placed aT. one end 
of the plank and a second weight is applied at a point 
2 m on the oooosite side of the support. If the magnitude 
of the second weight is adjusted to give equilibrium, 
determine the magnitude of the reaction on the support. 

[4 marks 1 

5. The acceleration of a particle in general curvilinear motion 
is known to be 

3t u + 2u -x -y 

However, an observer claims that at t = 2 s the magnitude 
of the centripetal acceleration is 8 ms- 2 • Give reasons 
why this claim cannot be correct. 

{4 marks] 

6. A particle of mass m, experiences a force I, and has a 
velocity~- If FT is the component of the force in the 

7. 

direction of~' and FN the component of the force perpen­

dicular to~• the~ 

FT = 

where 

(i) 

(ii) 

(iii) 

R 

mo dv 
and FN 

mo v2 
v2 % = v2 ½ 

(1- c7> dt Cl- cT) R 

is the radius of curvature. 

At what speeds do these relationships apply? 

What are the analogous relationships to 
these in Newtonian dynamics? 

What is one significant difference betw~en 
the acceleration produced by I, as predicted 
by Einstein, and by Newton? 

[4 marks] 

A geophysicist suspects that the earth has a core ~f 
radius Ri, and density p 1 , DIFFERENT.from the density P2 
of the rest of the earth, (total radius R2). 

(Question ? - continued 
next page) TURN OVER 
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He can apply Gauss' Law to show theoretically th~t_IF the 
core exists, the field can be expressed as a function of 
radius r by the equations 

-y 4 CR1 3 (p1-P2) + r 3 p2) u for R 1 <r<R2 
G = - 1T -r 

r2 3 

-y 4 (R1 3 (p1-P2) + R2 3 P2) u for r>R2 
G = 1T -r 

r2 3 

These equations reduce to the followinr sinple 
expressions when there is no distinguishable core 

G 
4 for r<R 2 = -y 3 1Tpr u -r 

G ..l 4 Rl for r> 'Q 2 = - "J 1T p ll 
r2 

2 -r 

By measuring the variation of G with r very accurately 

(i) 
(ii) 

just below the surface, 
just above the surfcce 

and 

can the geophysicist expect to be-able to verify if 
there is a core, on the basis of the above equations? 
Explain. 

(4 r.arks] 

8. The following is a slightly modified extract from the text 
Alonso and Finn "Physics"; p.436, deriving the capacitance 
of a parallel plate capacitor. 

"A typical capacitor is formed by two parallel plane 
conductors separated by a distanced, with the space. 
between them filled by a dielectric (Fig. 19-28). 

19.28 Parallel-plate capacitor. 

(Question 8 - continued 
ne.:rt page) 



continued 

9. 

10. 

- 7 -

~he e~~ctric field in the space between the conductors 
is u~iform: If_c is the surface charge density, 
the pctential difference between the plates is 

Ed = od 
C 

If Sis the area of the metal plates, we must have 
O=oS. ,, 
Therefore C = cs 

d 
Ca) Which state~c~ts in this derivation are, in fact, 

annroximations or assu~ntions? 

Cb) Under what conditions might these assumptions be 
reasonable? 

[4 marks] 

A cyclotron has a radius of 1 m and a variable magnetic 
field of ~~ximum value 1.8 T. The maximum~attainable 
frequency for the accelerating field is ~ x 10 7 Hz. 

iT 

Determine the magnetic field required if protons are to 
be acceler<.1ted to maximum energy. \-.'hat is the maximum 
energy that a proton may be accelerated to? (Take e 0 = 
1.6 x 10- 19 C, m = J..6 x 1 □- 27 kg and give the proton· 

p 
energy in e.V.) 

[4 marks] 

Explain briefly how Peinrich Hertz in an expe~iment (some­
times known as the Hertz experiment), first obtained an 
experimental value for the velocity of propagation of 
electrornag0ctic waves. 

[4 marks] 

11. Two principles of physics which are related to wave motion 
are 

I 
II 

Two phenomena 
diffraction. 
principle, or 

Ci) 
(ii) 

The Principle of Superposition 
Huygen's Principle. 

observed with waves are interference and 
In a very brief outline, indicate which 
principles (if any), are necessary to explain 

interference 
diffraction, 

Indicate by your answer w~ether you consider interference 
and diffraction to be basically identical, similar,or 
different. [4 marks) 

TURN OVER 
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continued 

12. 

- 8 -

A space ship approaches the earth at high speed. 
sends out radio signals to the control centre on 
using a frequency of 1.0000 x 10 6 Hz. The radio 
at the control centre can detect signals only in 
(1.0000 ± 0.0100) x 10 6 Hz. 

It 
Earth, 
receiver 
the range 

( i) Why might communication between the incoming 
space ship and Earth be impossible? 

(ii) Estimate the maximum allowable speed of the 
space ship if communication is to be maintained, 

(4 marks] 

(continued) 



continued 

1. 

2. 

3. 

4. 

- 9 -

~I:CTION C -------

All answers are to be recorded th • on especial 
ANSWER Sii[ET provided. 

Given the three vectors 

A = 7u + 4u -x -z 
B = -Su + 7u -x z 
C :: u -x 

ther: the product C (A X B) is 

( A) 14 (B) Bu z (C) 6 (D) 0 (E) -12. 

The cosine of the angle between the vector 4u + Bu + Bu 
and the x-axis l. s -x -y -z 

(A) 0.25 (B) 0,33 (C) 0.43 (D) 0.55 

( r.) 0.63. 

The three forces F1 :: Su + 4u (N) 
-x -y 

F2 :: -7u -x + 2u (N) 
-y 

f3 :: 2u - 2u (N) 
-x -y 

act concurrently at the point 3u + Su (m). The torque -x -y 
with respect to the point 2~x + Suy (m) is 

(A) 

( D) 

2u Nm -z 
(B) 4u -z Nm (C) l0u Nm -y 

12u Nm (E) lSu Nm. 
-x -z 

of a particle moving in a circle The an8;ular displacement 
is given by e = 3t 2 + t. Its angular acceleration after 
5 seconds is 

(A) 30 rad 5-Z (B) 20 rad s-2 

(C) 15 rad s-2 (D) 12 rad s-2 (E) 6 rad s-2 . 

TURN OVER 
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5. Some of "the basic princi!)les of particle motion are 

I Conservation of l-':omentum 
II Newton's 1st Law 
III Newton's 2nd Law 
IV Newton's 3rd Law 
V Conservation of Angular Momentum 

(where momentum is defined as m~, and angular nomentum as 
r x mv). - -
Some of these principles can be consi~~r~d. fundamental,i.e. 
based on experimental evidence and derinitions, and others 
can be derived from these fundamental ones. 

A sufficient and complete set of fundar!'.ental principles 
to cover all the pri~ciples (I - V) would be, 

(A) I and III only 
(B) I and II only 
(C) II and V only 
(D) I only 
(E) V only. 

6, Consider the following statement. 

"Basic principles of mechanics, for example conservation of 
momentum, are never observed exactly in any experimental 
analysis in the laboratory. It is therefore rather unscien­
tific to have such principles called basic principles." 

Which of the following replies show a good uncerstanding 
of the nature of physics? 

I "The basic principles are just theory and 
therefore it does not matter what happens 
in reality." 

II "The basic principles are not observed in the 
laboratory merely because of inaccurate 
measurements of physical quantities (e.g. 
mass and velocity for conservation of momentum)•" 

III II p • • _ri~ciples of physics are idealizations and 
it is <:1lmost impossible to observe phe.nomena 
under ideal conditions." 

(A) I only 
CB) II only 
(C) III only 
(D) I and II only 
(E) I and III only. 

(continued) 



continued 
- 11 -

7. To deterr.ine the S!)eed of a bullet, mass m, it is fired 
into a blork, Mass M. which forms a ballistic pendulum. 
The bloc~ rises to a heifht h, after the bullet is embedded 
in it. ,,ssur..ini: the r..ass of the bullet is not negligible 
co~rCTred to t~e Mass of the block, the speed of the bullet 
can best ~e obt~ined from the equation, 

( mv) 2 ' " (A) 2m = Mgh ' ' ' ,, 
(mv) 2 '" (3) = Mgh r~)..., 

211 I l V .... - - - I 

(C) \;mv 2 (M + m) gh 
C!Zl, h 

= m 1 
( D) ½mv 2 = (M + m)gh 

(U 
( mv) 2 

2111+m) =- 01 + m)r,h 

8. A cycloidal pendulum has a period which is, 

9. 

(A) dependent on the mass of the pendulum 
(B) in~cpendent of amplitude 
(C) ir:de>pencent of the pendulum length 
(D) ince~endent of temperature variation 
(L) independent of the gravitational field g. 

Two cqutil mass "moonlets" or rocks 07:bit the moon. They 
collide 2.t p and combine, as shown in the subsequent . 
diagrc1.rn. 

---18 

--1~~----cd--s 

' Koc/cs 

.Moon 

The value of V is 

1 (B) 
2 (C) Vo ( D) 

3v0 

(A) 3 VO 3 VO 
2 

(E) 
5 
3 

V 
0 

TURN OVER 
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10. Which of "the following graphs best represer.ts the moment 
of inertia I, of two disks supporte~ by a light horizontal 
rod rotated about its centre, versus the distance d. (The 
vertical wire is of negligible thickness, x can be assumed 
negligible, and the moment of inertia of the horizontal 
rod ignored. ) 

11. 

vertical 
wire~ 

i----d---- d~ 

I ® © 

I@ 

The relationship P: 

torsional pendulum. 
2n /f applies for the period of a 

This relationship onlv applies for 
I 

II 

III 

s~all angular displacements e,·where 
sine= e ' 

negligible friction 

~ituations where the 
is constant. moment of inertia, I, 

(Que st ion 11 - aontinued nezt 
pag9) 

d 



continued 

12. 

13. 

- 13 

Of the al:)ovf' 

(A) ! onlv is valid 
(R) III only is valid 
{C) I and II only are valid 
(D) II and III onlv are valid 
{[) all of the above are valid. 

Accordin~ to the text Alonso and Finn the distance between 
the st.:rf :J.C''. o.• tc,r, +h d h ' ----,----=-~--~--e-:;...:,~r. , an t e centre of the moon 
(assu~ed constctnt) is ------~~~~~ 

(A) 1. 74 X 10 6 rn 
( B) 2. 5 3 X 10 6 r., 
(C) 3. 72 X 10 8 r.. 
(r;) 3. 7 8 X 10 8 m 
(E) 3.82 X 10 8 m 

A bodv of nass rn released from rest a distance 3R from 
the centre of t:-.e earth will reach the earth's surface 
with a spc!ed 

(C) 
2yMm 

3R 

where Mand Rare respectively the mass and radius of the 
earth. 

14. The gravitational force was found by Newton to be 

396 

(a) 
(b) 

a central force, and 
a force that varies as 1 

r2 
(an inverse square law force) 

15. 

Newton was 

(A) 
(B) 

(C) 
(D) 

(E) 

able to deduce both these facts from 

Keplers second law only 
the observation that all falling bodies have 
the same acceleration 
Keplers third law only 
the observation that planets moved in 
aoproximately circular orbits 
Keplers second and third laws. 

Two small electrically charged spheres, mass m1 and m2 and 
charges q 1 and q 2 respectively, are suspended by insulating 
threads of eoual length and repel each other so that the 
threads make ·equal angles with the vertical. 

(Question 15 - continued 
next page) TURN OVER 
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Which of the following statements about the masses and 
the charges must be true. 

(A) m1 = m2 and q1 = qz 

(B) m1 = m2 but q1 is not nzcessarily equal 

(C) q1 = qz but m1 is not necessarily equal 

(D) ~ = m2 
q1 q2 

to q2 

to m2 

16. A long straight filamentary conductor produces a magnetic 
field at a radius d from its axis of 8 0 • If the mean 
velocity of the electrons responsible for this field is v, 
the number of electrons, ( charge e), per unit length of the 
conductor would be 

(A) µoBd 

2rrev 

(E) Bdev 

(8) µoBdv 

2,re 
(C) 2n8d 

µoev 
( D) Bd 

ev 

17. A current I is unifor•mly distributed over the cross-section 
of a cylindrical conductor of radius R. 

A<:cording Ito Ampere's Law, ~he circulation of the magnetizing 
field (j ~-~1) around a circle, concentric with the axis 
of ·the conductor (r<R) is 

(A) µor I 
Rz 

' rz. / 
(B) -I / 

Rz. / 
/ 

/ 

(C) µor 
I 

21rR2. 

(D) I 

(E) uaI 
2irr 

( con tinu,d) 
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18. Gau:.::; :...aw is wri tt~n 

co J ~ . u,, dS Js _,, rq 

19. 

E in this equation is 

s 

(A) the electric field, which is always the same 
at all points over the Gaussian surface. 

(B) the normal component of the electric field 
at the surface element dS, due to all charges. 

(C) the electric field at the surface element dS, 
due to all charges. 

(D) the normal component of the electric field at 
the surface element dS, due to all ~harges 
within the surface S. 

(E) the electric field, which is always the same 
at all point~ over the Gaussian surface due 
to charges within the surface. 

u dS is the flux of the electric field through a -N 

close:d surface. A uniform electric field passes through 
a spherical surface as shown. 

E 

The flux of the electric field over the total surface of 
the sphere would be, 

(A) 

(E) 

zero ( B) 2nRE 

2 Frequently the electric fields near 0. 

(i) an isolated charged sphere 
(' ") a long line of charge 

and ctti) an infinitely large charged 
can all be found easily using Gauss' Law. 
Gauss' Law can be 

plate, 
This is because 

(Question 20 - continued 
next page) TURN OVER 
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(A"J 

(B) 

(C) 

- 16 -

applied to find the field near any distribution 
of c!larges provided the charges all have the 
same sign 

easily applied to find the electric field 
near any relatively sir.'!ple charge distribution 

often aoplied to find t:1e electric field near 
charge distributions which have symmetry 
properties 

(D) easily applied to find the electric field 
near any charge distribution 

(E) only apply to the three physical situations 
described in (i), (ii) and (iii). 

21. The diagram shows a number of concentric field lines 
surrounding a tube of material. 

( If the field lines represent a magnetic field, this field 
could have been caused by a steady electric current in 
the tube XY.) 

If the field lines represent an electric field, which of 
the following could have caused the field? 

(A) 

(B) 

(C) 

(D) 

(E) 

Tube XY carries a steady electric current 

Tube XY contains a constant maenetic field 
parallel to XY 

Tube XY contains a changing electric field 
parallel to XY 

T~be ~y has a positive electric charge 
distributed uniformly along its length 

Tube XY contains a changing magnetic field 
para.llel to XY. 

( con tinuBd) 
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2 3. 
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The P::C!"f,'/ s•_o:-ec. in t:1e IT'.u.rnetic field of 
lJ Tf' t'r•e ~nl-'"; 1 -• -· • -""'---:--nauc-:ance of the circuit 
the curr~nt ~lowing in the circuit is 

(A) ( I3) lA (C) 7A 

(E) SO/\ 

an inductor is 
is 2 x 10- 2 H, 

CD) lOA 

Two p:-ofres::;::.vr:; :,.H.'.'.. wave trai'ns. as h • , sown, Move with 
the s~~e s~ee~ (2~s- 1 ) to the right. 

0 

-f 

If the equation of wave train (1) is y = sin (nx - 2nt), 
the equation of the wave train (2) will be 

(/\) 'I = sin n(x 2t) 

(B) y = sin n(x 2t - 0. 1) 
' 

(C) y = sin (nx 0.1 - 2t) 

( D) ':I = sin n(x 2t + 0.1) 

(E) V = sin (nx + 0.1 - 2t) 

24. The graph of an~ular fr~que~cy, w, versus wave vector k, 
for sound waves travelling 1.n a solid is of the form shown 

in the figure. 

w 

(Question 24 - continued 
next page) TURN OVER 
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.-i.... ..,. 

¼ 

~ 
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25. 

• • aoh of 9 hase velocity v, and group 
The c'?rresponding gr,_ - ld be best shown by which of the 
velocity v, versus~, wou . g 
following graphs. 

J Vand Vi 
V 

Vand !Jg ...... .., 
~ 

~ 
~ 

® © k k 
~ 

® V 

A beam of plane polarized light is incident on a sheet. 
of dichroic material, and no light is transmitted. This 
is because the energy in the incident beam is 

(A) reflected back along the original direction, 

(B) scattered out at right angles to the original 
direction. 

(C) rotated into a plane perpendicular to the 
original plane. 

(D) absorbed in the material as heat, 

CE) transformed into the energy of the ejected 
photoelectrons. 

26. Brewster's angle for glass is 56°. Plane polarized light 
is incid~nt '?n a_glass surface at this angle and the plane 
of polarization is rotated about the incident beam. The 
intensity of the reflected light 

(A) 

(B) 

(C) 

(D) 

(E) 

is always zero. 

varies between a minimum and a maximum value. 

remains constant. 

varies between zero and am x· value. a 1.mum 

is sometimes g~eater than that of the 
incident beam. 

( continusd) 
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_windo~~ as_sho~n.in the plan 
•1 t.7 c .c:nk: :_s visible to an outside 
s as in~icated by the ray diagram. 

Note 

sin 64° 1. 3 = r.s-
sin 49° 1 = T:3" 

sin 42° = 1 
r.-5" 

- ---~;r--;;,;,-,;.,7_ z~:r_-=-//~~~,.;~~/~✓~~~r 

If it were rn~~~ble for Ow to have any value in the 
-90 to +3Ct, t'.,cn the observer could see an object range 
\..'here ir. t:1c t.J.:i':. any-

(A) T'l-1 i ,; is possible, but 0v must vary between 
➔• 9 0 ° and -90° 

( 5) ':'!1 i S is po,;sib1e, but 8v must vary between 
+64° and -64° 

( C) This is possible, but 8v must vary between 
+49° and -49° 

( D) This is possible, but 8v must vary between 
+42° and -42° 

(l~) This is impossible. 

28. In which of the following situations can the interaction 
of electromagnetic radiation with matter only be explained 
in terms of tile photon concept. 

I Photoelectric effect 
II Radiation pressure 
III Optical Activity 

(A) I only 
(B) I and II only 
(C) I and III only 
(D) II and III only 
(E) I, II and III. 

The following information refers to questions 29 and 30 

In an experimental investigation of a particles deflected 
by a thi~ foil of gold, Rutherford found that only one 
particle in 10,000 was_deflect~d.more than a.few degrees. 
In an attempt to explain the m1.n1.mal_deflection of a particles 
by a gold foil_Rutherford proposed his.model of the atom. 
Further, assuming the nucleus was a point change, and 

TURN OVER 
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coulomb's.Law could be used to determi~e !he force between 
the nucleus and the a particle, a pred7ction was made that 
the number of particles with a scattering angle between~ 

~ <P 
and <P+d~ was proportional to cosec ~. 

d • • th " <P In pre icting _ e cosec 2 relationship, Rutherford assumed 

that Coulomb's Law (F = giq 2 ) would apply at very small 
47TEor 2 

distances for which it had never been tested before. Which 
of the following statements about Coulomb's Law would have 
been the basis for making this assumption? 

(A) Coulomb's Law is based on experimental 
eviden~c about forces between charges and 
therefore it must hold at any distance whatever 
between charges. 

( B) Coulomb's Law does not explicitly state any 
limitations on the distanc~ between charges. 

( C) Coulomb's Law is a basic principle of physics 
hence must apply at all distances. 

(D) It was not unreasonable to exoect Coulomb's 
Law to hold at small distance~ and there was 
no evidence to the contrary. 

30. Rutherford's initial ideas about the atom lead to a 
prediction which could be checkec e:-:perimentally. Which 
of the following opinions about Rutherford's method of 
investigation shows the best understanding of scientific 
methods. 

(A) 

(B) 

(C) 

(D) 

CE) 

Rutherford should have obtained all the 
experimental evidence possible before inventing 
any theory, or ideas, to explain his results, 

Scientific ideas should not really be used to 
make predictions. 

Rutherf?rd p~oceeded in a rather unsci~ntific 
manner in using his initial results to invent 
a model, or theory, of atomic structure. 

Scie~ti~ic ideas are most useful if they make 
predictions, 

As Ru!herford's initial ideas were based on 
e~per~mental evidence, there was no need to 
experimentallv check hi's p~ d' t' - ~e ic ion. 



L.4 The experimental examination 1973 

Or ...-.a.IKA':'O 

1'3, 102 PHYSICS 

(Time alloved: Three hcurs) 

This paper consists of three .sections. Marks may 
be gained fro~ all questions attempted. 

Candidates May bring any books into the ex~rnination 
roor,, and <'.!re e:-:I)ected to bring "Physics" by Alonso and 
Finn, "Expcrir:'.ental Physics", and laboratory notebooks. 

The use of lor, tables, slide rules and drawing 
instruments is permitted. 

Appropriate graph paper will be provided. 

Laboratorv notebooks must be handed i'l at the end 
of the examination. 

THIS P..AFER MUST BE H.ANDED IN, TIED TO ANSWER BOOKLET. 

SECTIO~l A 

This section consists of THREE questions. Each 
question is worth 12 marks. 

SECTION B 

This section consists of HI!IE short questions. 
Each question is worth 4 marks. 

SECTION C 

This section consists of THIRTY multiple choice 
questions and is worth 36 marks. In each case choose 
the best alternative from those provided. 

400 

(Up to FIVE marks will be awarded for the completeness 
of your laboratory notebook,) 

NOTE: 
It is not anticipated that you will use all the 
graph paper supplied. 

(continued) 
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1. 

SECTION A 

(a) A complex syste::i of burr.pcrs is <:1esigned_to provide a 
barrier for tne testing of cars crashin8 at high spe7ds. 
The compression, x, of the bumper s:1stel"!'I versus applied 
force, r, is given in the table below. 

Applied Force F(N) 

100 
200 
1~00 
800 

1600 
3000 
4500 

Cor.pression x(m) 

0.06 
0.10 
0.15 
0.25 
0.40 
0. f3 0 
0.80 

I • t d tl t t' ~ rela~L.1·onsh1."p bP_tween F and xis t 1s suspec ·e . Fl • 11c 

of the form F = kxn. 

By plotting a suit2blc ~raph show that the relationship 
between F and xis of the form F = kxn and, hence, 
determine k. 

(4 marks] 

(b) An exoeriment is carried out to determine the suit~ 
bility of a~ air track, photocell gate, electric clock 
srstem for the measureraent off usin~ the relationship 
v =:= 2g sin0x, where v is the velocity of th~ glider after 
accelerating a dist~cnce x from rest. 

Consistently with the particular apparatu5 used, a value 
of g of 7.Cm s-z is obtained. 

Give at least three possible reasons which might account 
for this large syste,,,atic error, Jnd which vou think should 
be investigated if the systematic erro 1~ is to be eliminated, 
{Do not assume this apparatus is exactly the same as you 
used:J Mention very bl'ie:fly why you consic.er your reasons 
would lead to a low value of g. 

[4 marks] 

Cc) To determine the spring constant using a glider on 
an air track, a weight is f;uooorted bv the sprin8 over an 
air pulley, k is required- to 5%. The following readings 
are ob·tained. 

(Question l(a) - continued 
~!ext p,1.ge J 
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F C !O x(m) 

0 0.1005 
1 X 10- 2 0.1515 
2 X 10- 2 0.2010 
3 X 10- 2 0.2905 
4 X 10- 2 0.3015 
8 X 10- 2 0.5000 

16 X 10- 2 0.9015 

Criticize the data that has been collected. 

(4 marks] 

2. (a) The wavelength of microwaves can be deter·rr.ined 
u'3i_nr, a !'.ich"L~cin - Interferometer. Expla.in brif:fly how, 
once vour af,'.:,ir•c.1-~us was set up (see ~xper:i.m.entctl Physics, 
p.119) you ojt0ined your results. List all readings and 
explain how the wavelength A, was determined from these 
results. Inclu~e, with your value for A, your error 
analysis. 

[4 marks] 

(b) A new nicrowave experiment is developed, where 
the problen is to determine the possible shape of metal 
objects (or a ~etal object) inside two different poly­
st;rene boxes, bv analyzing the intensity and polarization 
of microwaves transmitted through the boxes. 

Th~ following are some preliminary results, using the 
following apparatus. 

Transmitter lfox 

(Question 2(b) 
ne:z:t page) 

continued 
TURN OVER 
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Polarization 
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Box A 

Box B 

Vertical t 
Porizor.tal 

Vertical i 
Horizontal ~ 

/ 

Polarization vector 
0 ota.ted 45° (as shown) 
an,i dir:.i ni shec 1n 
int ens 1. t '' 

Polarization vector 
Rotated 45° (a.s shown) 
with minir.a:i.. intensitv 
chanre 

Suggest what might be in the boxes to prorluce these 
results. If the incident Dolarization v~ctor is now 
orientated at an angle of 4s 0 to the vertical, oredict 
for each bo:x: the final direction of the r,clarizat1on 
vector and comment on its final intensit~. 

(4 ;:iarl<s l 

(c) A student studying "electron diffraction" does not 
believe electrons have an associated wav~len~th. Rather 
he considers that the pattern is due to X-r2~ diffraction, 
since X-rays would be produced when electrcms collide with 
the crystal, and these X-rays '.-:ould be diffracted by the 
crystal, as suggested in the clic1;:r'a;n. 

. _x-rag pattern 
J/C scr~ctt 

{(?uestion 2(a) continued 
n e :c t p .;~ er,; J 



contin~cd 
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r_lis lo., t!-ieo~<,· could be disproved because of the <..!ifference 
l~ ~chav1nur of electrons and of electroma~netic waves 
c1ther electric or mArnetic fields. Ex 9 1a{n how 
you would, in ?ractice, cxperi~entally ~erify that the 
pattern on t~c screen is produc0d ~v electrons and not 
electro~a[n~tic ~c:1ves (3uggest twc procedures). 

[4 J'T!arks] 

402 

3. (a) In t}1e '.J.C. circ:uits exner'1r:,,:,nt, the values for trie 
r,~::;istanci,::; ~'1, ~2 .=i.nd ~:3 were cxpcrimentall'/ obtained. 
:rcr::e t:1e:-,r- n'S'Jlts the combined resistances c:<= the three 
r,,sistor:-; in (i) series c:1nd (ii) par;.1llel Wt.:T•2 presicrea. 
Tr· r se ''t:::0-.ecr'et ical" values were c:,-1ecked exDerimen·c:all y. 

Co~v a.n(_! c.'~-rl 0 -t-e the folJ.owing tat,le Eivi1,g vour values 
foi,· this E:::-:i:.•·r1.r:'.•.2nt. 

RroT/·.L 
series 

I --7 

~heoretical resultjExperimental result! 
1------------~---------

I 

~--- --+--- ·------------

RroTAL parallel 

i 

Give very approximate error estimat~s in each case, and 
hence conclude if your results confirm, or not, the 
theoretical equations for adding risistors in series and 
in parallel. 

[4 marks} 

(b) It is required to provide maxiIT',Um nower output from 
a small heater of 200n when connected as 1.n the f1.~ure, 
with a d.c. suoply. 

D. C. 
s-uppty 

cOCJ./Z fuat~r 

Several d.c. power supplies all of lOV e.m.f. are 
available, however they have a variety of internal resistances. 

Supply A has 1n interna~ resistance while supplies B,C,D, 
and E have internal resistances of son, loon, 200n and 
400Q respectively. 

(Question 3(b) 
next page) 

- aoritinued 
TURN OVER 
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It is suggested that, as maximum power tran~fer occurs 
when the internal resistance of the supply is equal to 
the external resistance in the circuit, the "D" supply 
should be used to obtain maxirru~ power transfer. Can 
you explain why this is not a reasonable suigestion? 

(4 rr.arks) 

Cc) An a.c. voltage V = Vo sin wt 1.s applied to an 
R-L-e series circuit, as shown. 

C 

L R 

The components are pure (e.g. the resistance of the 
inductor is negligible). 

Sketch the rotating vector diagram to roughly represent 
the amplitude of the voltages across each component in 
the circuit VL, Ve, VR and Vo. Include on this representa-

tion the rotating vector to represent the current I. 

If Ve= 700V, VL = 300V and VR = 300V, determine the 

amplitude of the applied voltage V0 • Also determine the 
phase angle between the applied volta6 e and the current. 

(4 marks] 

(continued) 
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4. It is .deciccc to ~:asurc t~e wavelength of sound, f;'.'equency 
3000 H~, hv analysinr the interference pattern produced by 
two ad~n:=cnt, anc1. '.'ync:1ronous s0 1,md sources (loudspeakers). 
In add1t~on to the spcQkers, an oscillator a microphone 
and a C.~.J. ar~ av~ilable. The sneed of ;ound is known 
to be u:,out 33'.Jr:-. s- 1 , but the interference pattern is to 
be used to provide a precise ~easure of wavelenr,th. 

With a sc~e~atic dia~ram, show ho~ you would set U? the 
abo•,e a,:,;-,a rat us. Deterrr.ine suitable values for source­
source, and source-detector distances (show working) and 
include these valu~s on your did~ran. 

[4 r:iarks) 

5. A physicist working for a publishing firm is asked to 
SUEgest a continually repeatable ~ethod for measuring the 
thicknc:; ·; of ,;inblc sriccts of paper. The paper varies in 
thickness, not in density, and the method suggested must 
be adaptable to remote reading in a distant control room. 

6. 

He sugrests using a radioactive source and detector system, 
or a P.:ech,,nical (::-'.'CJ:,otc control) TcLicrometer device. His 
radioactiv~ty sugbestion is outlined in the diagram. 

I 
I 
I 
I 
I 
I 

£adro-czcf.ri1e I 

?t:.1Nc,h[ Tn~ ;.,te,.,"ty cf r...lJ,c..t.o.-,. .a.ti~e 
de fee.tor dej,~d..~ or- Jure.- -tJ,.ickMS) 

~-! ~/>:'•~ 

.Petutor 
_ SOT!-YCC _ _ p~~vYt...,!_~l:,!:'.~~[~=-=S:__. -------------,-,...--,=======,,..., 

Suggest ( frci:1 your }:-nm1led¥e of. physical phenomena . 
considP.rcd in experiments in this '?ourse (or othen~ise) ) 
two alternative r.:ethods for meas:3-ring the paper thickness 
that-m"ght be feasible and practicable, (one sentence 
only f~; each method explaining briefly the principle 
involved). 

[4 marks) 

To determine the wavelength of microwaves, a two slit 
interference pattern is to be analysed using the relation-

(n-½) A 
a ship sine= for the angular position of the 

nodal lines. 

With the apparatus set up (and not subsegu~ntly altere~) 
two students obtain r~sults, fortll.e position of the first 
nodal line, and the distance, d. 

(Question 6 - continued 
next page) TURN OVER 
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Student I 9 l = 3 2 °-, 3 0 ° ' 2 7 ° , 31 ° , 30° 

d = 6.0 ± 0.1 cm 

Student II 8 l = 3 2 ° ' 28° 
I 

61 = 2 3 ° , 21 ° 
d = 6.0 ± 0. 5 cm. 

State which student has the most useful set of results. 
Explain briefly. 

[4 marks] 

7. An electron moves in a circular path in a magnetic field 
of 10- 2 tesla. 

The radius of the electron path 
total energy of the electron (to 

is 0. 5 0 m. Determine the 
one significant figure). 

(4 marks] 

8. In Exp. 4, a photographic analysis was made of the collision 
of a magnetic puck with an equal mass stationary magnetic 
puck. Is the loss of energy in this experiIT:ent ner,ligible 
compared to the other errors or uncertdintics involved 
in this experiment and in the photo8raphic analysis? 
Explain briefly and clearly, supporting your argument with 
numerical data where possible. 

[t1 marks] 

9. One of the basic laws of physics is the conser•:ation of 
momentum - "the total momentum of an isolated system of 
particles is constant". 

~ith relatio~ to !he ab~ve ba~ic law explain (one sentence) 
in what way it (i) is an idealization 

(ii) is a generalization 
Cfii) is an experimental observation 
(iv) can be used as a basis for prediction, 

[4 marks 1 

( aon tinued) 
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A st~dent is 2.tte~otinr, 
s~in • ' to verify the A~pere Law relation-

. ..., 

f R.dt = u 0 :n 

by ~easurin~ th ~ ~arnetic field alonr the axis of a solenoid 
of 10~ tur~s, c~rryin[ a current of 5.00A. 

•50cm 

UsinG a Hall orobe the field is measured from -50 cm to 
+50 cm as shown. 

The area shaded on the graph (/B.d1) is determined to be 

(5.4 ± 0.3) x 10-~ m kg c- 1s- 1 

while ~ 0 NI is equal to 

(5.00 ± 0.01) x 10-~ m kg c- 1 s- 1 

What conclusion would you make from these results? Do 
you suspect a systematic error? 

[4 marks] 

State the values you obtained for the~ ratio of the m 
electron using J.J. Thompson's method. Include the values 
for the electric and magnetic fields used for each analysis. 
When you compared your value of ffi with that given by the 

text Alonso and Finn, what was your conclusion about the 
possibility of systematic error? 

[4 marks) 

TURN OVER 
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12. De Broglie in 1924, merely fro!':'\ consideration of the particle 
• • h" >.. h' h nature of lif,ht, and the relations ip = p .or p otons, 

suggested that particles (e.g. electrons) might have a 
• • 1 h • • ' h wavelike nature wit~ a wave enf,t. ~~ven oy A= p 

As De Broglie, had no experinental evidence to support 
this proposal at t:-iat time, :,ut ~er~lv i.nventec t~e idea 
(probably because nature is str~~inplv sy~~etric in cany 
other ways) it is suggested by a st~cent that this was a 
most unscientific proposal. 

In general would vou consider a tentative proposal like 
De Broglie's to be unscientific? Very brieflv give your 
reason Cone or two sentences onl'l). 

(4 marks I 

( aon tinued) 



continued 

1. 

- 11 -

S:CCTIOH C 

Answers to be recorded on the special 

A!:SWER SHEET provided. 

The following table shows a set of results obtained for 
ncasurina the o_criod of ab 11 • < a rolling on a spherical dish. 

x. - I 
X, - X (x. - x) 2 i i i 

1. 9 
2. 2 
2. 5 
2. 1 
2 . 3 

-X: 2.2 

405 

The error in the mean value, / 
~(Xi - x)2 _is approximately 

2. 

n(n-1) 

(A) 1 X 10- 1 s 
( 13) 2 X 10- 1 s 
(C) 3 ~ 10-ls 
( D) 4 X 10- 1 s 
(E) 5 X 10- 1 s 

The percenta~e error of a product is given by /p 2 +P 2 
A B 

hence if the curr~nt through a resistor is 2.0 ± 0.1 mA 
and if the potential difference across the resistor is 
1.00 ± 0.05 V, then the resistance of the resistor 

(f) is best expressed as, 

(A) (5 ± 1) X 10 2 :1 
(B) ( 5. 0 ± 0. 5) X 10 2 n 
(C) ( 5. 0 ± 0. 4) X 10 2 n 
( D) (5.0 ± 0. 2) X 10 2 n 
er:) (5.0 ± 0 .1) X 10 2 n 

3. 

b"ght 

l l l 

SO 100 ISO eoo 

Fig.Ca) 
Fig. (b) £ipht rntensll!f (/u.r) 
(Question 3- - continued 
next page) TURN OVER 
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Fig. (b) shows the current generated in this circuit at 
different light intensities and with different resistances 
R in the circuit. The light intensity is given in lux, 
a common unit for this quantity. 

If the resistance of the "external" resistance R was 
reduced to zero,what current would you predict for a light 
intensity of 200 lux; 

(A) greater than 300µA• 
(B) about 280µA. 
(C) between 160 and 250µA. 
(D) it is impossible to predict from the 

information given. 

4. A battery of internal resistance, 3~, and three liv,ht bulbs 
(each of constant resistanc2 1.5 ) can be connected 
together in various ways. If the light er.1i tted fro1:1 the 
bulbs is proportional to the power dissipated in the bulb, 
which of the following would give the total maxi1:1um output 
of light? 

S. From a_the~retical point of view, Kirchhoff's Laws for 
D.C. circuits are best described as 

(A) 

(B) 

(C) 

(D) 
(E) 

fundamental laws of physi'cs • b • . . , i.e. asic 
principles of physics. 
pur~ly e~pe:imental laws, unrelated to any 
basic P:inciples of physics. 
laws which can be derived f b • . . rom asic conservation laws. 
laws which can be derived f 1 h' h rom Ohms Law. 

aws w ic can be derived from Coulomb's Law. 

(continued) 
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6. A pr·e~ictio~ is made regarding the outcome of a novel 
ex~cr1.r.,ent 1.n plr1sics. Possible reactions of the 
e>:,)erimenter if the resuJt is not as anticipated might be: 

I 

II 

III 

IV 
V 

"?redictions should not be made before 
attempting a:-i exneriment." 
"If the experiment is repeated a sufficient 
number of times, the anticipated result will 
be obtained." 
"The observations will need to be checked, 
and the experir.,ent possibly improved." 
"The prediction may need reconsideration." 
"The equipr:~ent rr.ust be i@proved so that the 
anticipatec: result is obtained." 

The scientifically acceptable reactions would be 

(A) I and III 
(B) I, III and IV 
(C) II and V 
(D) I, II and V 
(E) III and IV 

7. Two magnets are attached to the adjacent ends of two 
gliders so that they attra~t rather than repel. One 
glider is placed in the centre of the track and is initially 
stationary. The second glider has an initial velocity of 
2 m s- 1 • The two gliders are of equal mass and on collision 
they naturally 'stick' together. What is their combined 
velocity after collision? 

(A) 

(C) 

(D) 

The final combined velocity will be 1 m s- 1 , 
as conservation of momentum will apply. 

As the magnets attract the initially stationary 
glider will be moving toward the other glider 
before collision so that the final combined 
velocity will be less than 1 m s- 1 • 

As the magnetic potential energy is lost on 
collision the final K.E. will be greater 
than that obtained by a putty collision and 
therefore the final velocity will be greater 
than 1 m s- 1 • 

The final combined velocity will depend on 
the velocity of the two gliders just before 
collision and this is not known. 

TURN OVER 
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8. The mathematical relationship 

lo _,. dx 
X --dt - O.lx 

represents a particle moving in 

(A) simple harmonic motion 
(B) damped motion under a constant force 
(C) forced oscillations with damping 
(D) forced oscillations without damping 
(E) damped harmonic motion. 

9. A solid cube mass M, ed8e length b, has a long thin rod 
driven through the centre of one face, and perpendicular 

10. 

to it, as shown. The rod is therefore an axis of symmetry 
of the cube. The moment of inertia of this cube about this 
rod will be 

(A) Mb 2 

"Tl 
Mb 2 

r· 
(B) I -r 
(C) Mb 2 b -r 
(D) Mb 2 l. J 

h--b~b (E) zero 

The above collision is anal'". '"d ,, , 
lational kinetic ener• ·' '" --- 1d .l.J.rte.J.1' rr.omentum, trans-
all found to be conse~~~d ai:~ angul_:1~- m.J;n,·ntum (about P), are 

h . l. 1 ma c iH' • 1 v r · · · ,. , If t e magnetic pucks are now r~ ·,, _······ ,,,cr.s <;1ce usea, 
which of the above quantitie;plac~d 0 ~ pldstic pucks (Q<O) 
conserved? would you now expect to be 

(Queation 10 - continued 
next page) 
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(A) 
(B) 
(C) 
(D) 

(E) 
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Anguldr momentum (about P) only 
Linear momentum only 
Ancul2r and linear momentum 
An~ular momentum, linear momentum and 
translational kinetic energy ' 
An~ular momentum, linear momentum and 
total kinetic energy (rotational plus 
trans lat ion al). 

407 

11. An isolated frictionless plastic ouck has a mass of 0.1kg, 
a radius of 2 x 10- 2 m, and is rot~tinv. at 4 rad s- 1 as shown. 

+-----Olm 

O·cms-1 

The centre of ~ass of the puck is moving at 0.2m s- 1 , and 
the moment of inertia of the puck is given by ½mr 2 • 

The spin (internal angular momentum) of the puck is 

(A) 8 X 10- 1 kg rn2s-1 
(B) 2 X 10- 2 kg m2s-1 
(C) 8 X 10- 3 kg m2s-' 
(D) 2 X 10- ~kg m2 S- l 

(E) 8 X 10- 5 kg m2s-· i 

12. A physicist attemp~s to_find the inte~si!Y (I) versus 
distance (x) relationship for the variation of sound 
intensity directly in front, and relatively near a large 
loudspeaker. A log-log graph is plotted of the results, 
as shown. The consecutive ''power of ten'' intercepts are 
equally spaced on the tw<; axes, ind the str•aight 
line intercepts the x-axis at 45 

Jog I 

log x 

According to the above_graphical results the relationship_ 
between I and x (~ssuming k and_c are constants), over this 
range of values, is best summarized 

(Question 12 - continued 
next page) TURN OVER 



continued - 16 -

(A) I = -kx + C 

(B) I = -kx 2 + C 

(C) I 
k = 3<2 

(D) I 
k = 
X 

(E) I = k 
x2 

+ c. 

13. The force distance relationship between two magnets is 
given by 

F(x) = 6 x 10- 2 x- 1 • 5 N 

where xis the distance bet~een the magnets in metres, 

As F(x) = - dEE, the ma~netic potential energy between 
dx 

magnets (assuming Ep = 0 at infinity) is given by 

(A) Ep(x) = 1. 2 X 10-1x-o•s 

(B) Ep(x) = 2 • I~ X 10-2x-2•5 

(C) Ep(x) = 9 X 10-2x-0,s 

(D) Ep(:x) = 9 X 10-2x-2,s 

(E) Ep(x) = 3 X 10-2x-O•S 

14. A space craft, P, moves purely under the gravitational 
attraction of a double star along the path X'X shown (no 
rockets). The two stars arc a distQnce 2a apart. (The 
rotation of the two stars about their centre of mass in 
the time taken for the sp2ce craft to move from X' to X 
is negligible.) 

x--·---
p 

:J.a.-·- --- - - - • - - x' 
~ -------1 ~ x ---1 Spacecraft 

The p9sition x a! which the space craft p would 
experience a maximum acceleration alone XX' would be 
when xis equal to 

(A) ffa (B) a (C) ( D) a • ✓2 (E) zero. 

(continued) 
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continued 
- 17 -

15. The follow::.r.r; diagram represents the interaction of an 
alpha rarticle with_a_heavy gold nucleus. The diagram 
represents the collision from the frame of reference of 
the eold nucleus. 

ex partic{e 
--i:-~~--.;;;;.---0-,,0 

b 
__ _L_ 

Assu1~.inr, the £~old nucleus is very much heavier than the 
a-pilrticlc the diagram is quite an incorrect representation 
of the collision. Possible reasons for this are: 

I the impact parameter is incorrectly defined 
II ~he scattcrir.g angle is incorrectly defined 
III angular n~menturn could not possibly have 

been conserved according to this diagram, 
but it is conserved in theory. 

Of the above, 

(A) I and II only are valid, 
(B) I only is valid. 
(C) II only is valid. 
(D) III only is valid. 
(E) I, II, and III are valid. 

16. Certain as surnptions are made in derivbg the period of a 
si1~,ple pendulum 

17. 

p = 21T~ 

Some of these assumptions might be; 

I the pendulum has a small ampli tudc motion, 
II the tension in the string is negligible, 
III the string obeys Hooke's Law (F = -kx), 
IV the damping of the pendulum is-negligible. 

The necessary assumptions are, 

(A) I and IV only. 
(B) I, II and IV only. 
(C) I, and III only. 
(D) I, II and III only. 
(E) I, III, and IV only. 

In developing the relationship for the deflection of an 
electron beam in a simple cathode ray tube, 
D = L Vx i which of the following was the most drastic 

2Vd 
assumption made? 

(Question 17 - continued next 
page) TURN OVER 



continued 
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(A) The electron is deflected only slightly by 
the electric field, 

(8) The gravitational field could be ignored, 

(C) The earth's magnetic field could be ignored, 

(D) The electric field beyond the plates was 
negligible, 

(E) The screen was flat rather than curved. 

18. What category of electromagnetic waves has a wavelength of 8mm? 

(A) Radio waves 
(8) Microwaves 
(C) Infrared light 
(D) Red light 
(E) Garama rays. 

19. In Experimental Physics p, 100, a rraph is provided of 
frequency and velocity of water waves at a given depth. 
Referring to this graph, what would be the most suitable 
depth of water so that ~here would be as little range 
of wave speed over the entire frequency range 1 Hz to 100 Hz 
as possible? 

(A) very deep 

(E) 0. 2 cm, 

(B) 2 cm (C) 1 cm ( D) 0. 4 cm 

20. A loudspea~er emits a_sound of fre1uency f, near a solid 
wall. A line of soldiers stand in a line at ribht angles 
to the wall as shown. 

t------------lOOm --------------i 
I 
X 

4m 
l.cj Not to sea.Ce 

@So(azer fr.ears no sound 
X 

The soldiers stand 1 m apart and (ar ~ho· n) 0 . f 1 . h . '° .., ~, ne in our c aims e is unable to hoar t"- d 
1 h f h . - .1e soun . 
engt o t e sound emitted by the spe ,_ 

(A) 0, 04 m 

(D) 2.0 m 

. a~er must 

(B) 0,H m 

(E) 4,0 m. 

(C) 0,32 m 

soldier 
The wave­
be 

(continued) 
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continued 
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21. A liEh~ source, converging lens, and a screen are set upon 
an ?Ptl.~al_Lench, as shown, and a clear image of magnifi­
cation .. , 1.s obto.ined on the screen. 

light oou.rce lone screen 

If the distt:rnc~ from lens to screen is q, the focal length 
of the lens is 

( A) l~M 
(B) ~ ( C) 

(l+M)o 
) M 

( D) 
(l+M) (E) 

l+M 
Mq 

--q 

22. A convex lens of focal length 0,2 rn is placed in contact 
with a concave lens of focal length -0.4 m. The focal 
length of the cornbined lens would be 

(A) -0. 2 m (B) -0.4 m (C) 0.1 m (D) +0.4 m 

CE) +2.5 m. 

23. The relationship between two physical quantities, y and 
x, is investigated and the following graph plotted (note 
axes). 

y 

This graph suggests that, provided k and n are both positive 

kxn CB) k ( C) ke-nx 
(A) y = y = y = xn 

(D) ke nx (E) y = n-kx. y = 

TURN OVER 
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24. A lens is placed between a lip.ht source and a screen. 
The distance between source and screen is 4m and no 
position of the lens can be found so that a clear irrage 
of the light source is for~ed on the screen. Assurring 
the lens is a thin lens i.e. the focal length is long 
compared to the lens thickness, the fact that no clear 
image is obtainable suggests that possiblv the lens is 

I concave ( di veq,;inr) of focal length less 
than lm. 

II convex (conveq,:inf) of foc.:i.l lenp-th less 
than lm. 

III concave (diverrin[') of focal lenp-th 
greater than J.m. 

IV convex ( con ve rr: inr:) of focal lenrth 
8Y'eater than lm. 

Of these scggcst.ions the reasonable ones are 

(A) I, II, and III onlv 
(B) II and III only 
(C) I and III only 
(D) III and IV only 
(E) I, III and IV onlv. 

25. The following graph represents a set of results plotted 
on semi-log graph paper. The maximum value of A at t = 0 
is 0.5 m) 

Log A 

The best expression for the 

(A) A = 0,5e0.3tm 

(B) A = 0.5e-0.3tm 

(C) A = 0.3e+0,5tn 

(D) A = 0,3e-0.Stm 

(E) A :: o 3t- 0 • 5 • m. 

slope = L0 r; A 1 - Log A 2- _ 0. 3 
t1 - t2 

t 

relationship between A and t is 

(continued) 
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Interfere~ce patterns are produced by two in-phase periodic 
s~urccs 0 - waves, a distanced apart. If Pis on a nodal 
line then 

sine - (n-½P-- d 

The relationship ~av only apply 
under certain conditions, for example 

I S1P is Much r,reater than S 1S2 
II sine~ o • 
III dis very nuch rreater 

than>. 

Of the above conditions, 

(A) neither I, II, nor III is necessary. 
(B) I only is necessarv. 
(C) II oniy is necessa~y. 
(D) II and III are both necessary, 
(E) I, II and III arc all necessary. 

27. The work function of a metal is 3 e,V. Planck's constant 
is 6.63 x 10- 3 "Js and the electron charge is -1.6 x 10- 19 C, 

The threshold frequency of the above metal is 

(A) 7.2 X 10 1 "Hz 
( B) 4 . 8 X 10 1 "Ez 
(C) 4.1 X 10 1 "Hz 
( D) 2 . 5 X 10 1 "Hz 
(E) 1.6 X 10 1 3Hz 

28. In studying the photoelectric effect, in Exp. 12, a 
'reverse' current is found to result for large retarding 
potentials. Theoretically, this is not expected but it 
occurs because 

the filters do not pass a well defined 
wavelength of light. 

410 

(A) 

(B) 

(C) 

the large photosensitive surface recaptures 
all the photoelectrons emitted from the surface. 
the amplifier, and additional circuitry, 
produce a spurious reverse current for low 
output currents. 

(D) 

(E) 

some ultraviolet light is emitted by the 
light source. 
the collector emits photoelectrons which are 
collected by the large photosensitive surface. 

TURN OVER 
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The following information refers to auestions 29 and 30 

Spheres are allowed to fall vertically through a tank of 
water, and are timed between fixed points 1 m apart. 

The time of fall for spheres of various radii and densities 
are given in the following table. 

I 

Density of sphere I Radius of sphere ' 
'T". to fall lrn ' • irr.e 

I I I 

Ps r t 
(kg m- 3) (m) (s) 

4 X 10 3 1.00 X 10- 2 9 
4 X 10 3 0.75 :x 10- 2 16 
4 X 10 3 ! 0.25 Y. 10- 2 144 

I 

7 X 10 3 I 0.25 X 1 'J- 2 72 
10 X 10 3 0.25 X 10- 2 

I 48 
! 

Density of water = Po = 1 X 10 3kg m-3 i 

Which of the followin~ graohs would be most useful in 
predicting the time to fall 1 metre for spheres all of 
fixed density 4 X 10 3 kg -3? m . 

(A) t versus r2 

(B) t versus 1 
r 

(C) t versus 1 
r2 

(D) t versus r3 

(E) t versus 1 
r3 

Which of the 
graph? 

following graphs would be a straight line 

(A) t versus PS 

(B) t versus 1 
PS 

(C) t versus 1 
p +p 

S 0 

(D) t versus Ps-po 

(E) t versus 1 
PS-po 
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SECTIOU A 

2'hic section consistc of THREE questions. Each question 
is worth 12 marks. 

SECTION B 

This section consists of NINE short questions. _Each 
queotion is worth 4 marks. 

SECTION C 

T1zis scctfon consists of TlIIR'fY multiple choice questions 
and is worth 36 marks. 

All answers to this section are to be recorded on the 
• ~ ~·•er sheet vrovided. Select the best answe~ from speci.a L- an.,w , ,. d 

- the alternatives provi.de • 
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SI:CTION A 

1. (a) rx:,lain what is meant by a conservative force. 
Give two eYrlnples of conservative forces and two 
~xan~le~ of non con3ervative forces. 

412 

(4 marks] 

(b) A hicvcJe and rider have a total mass M. The two 
\,h,:,•:1'.; cc1:-1 ::,(" treai:ed as uniform density discs each of 
ma."~ r:, i!nr! rac.:ius R. If the rid,~1• leaves the top of 
the l".iJJ, .·'., frm,, rest, what will be the velocity of 
the r:i ,l,.'r at B ass urning he does not pedal? 

H 

• ~ -~ 
- -- -- -- -- -- -- -- -- ~----=---x ---------

B 

[4 marks] 

(c) Discuss the assumptions you have made in the above 
about 

( i) 

(ii) 

the frictional forces between the axle and the 
frame 
the total force provided by the slope on the 
bicycle. 

Is it reasonahle to assu~e conservation of mechanical 
energy in this system? Expla1n. 

[4 marks] 

TURN OVER 
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2. (a) The 

V~ 
L 

whe1,e 

<PB 

V E 

(i) 

(ii) 

Faraday-nenry Law is 

= 

= 

= 

-d~B 
dt • 

Is P, • C: 
~"fa'"' 

f E dt 
L 

De.fine and expL,;_in all t, 0 crr:~ :i.n t;1es0. three 
equations, inciud i.ng th,-•. ,·,,; :rn:;_ng of the 
integral signs. 

Is the integral 

the_ same as f S B.dS? Explain. 

(6 marks] 

(b) A current of I per turn flows in a lon~ solenoid of 
n turns per unit length. A square loop of one turn only 
and of side bis placed inside the solenoid and so orientated 
that the normal to the plane of the loop makes an angle a 
with the axrs--of the solenoid. 

(i) Obtain an expression for the flux passing 
through the loop, in terms of the above symbols. 

(ii) 

(4 marks] 

Show that the mutual inductance between the 
loop and the solenoid is M = µ 0 nb 2 cos a. 

(2 marks] 

Continued 
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3. (a) A wave is represented by the equation 

( = 0 • 2 sin 2~(r-10t) r 

What is 

( i) 
(ii) 
(iii) 
(iv) 

the 
the 
the 
the 

shape of the wavefront of the wave, 
velocity of the wave (include direction), 
wavelen~th of the wave, 
frequency of the wove. 

(4 marks) 

(b) A steel rod of lensth lra is dropped vertically onto a 
concrete floor. It rebounds resonating at a number of 
di f fct'ent frerJlicncies s iraul taneously. If YounE' s modulus 

413 

for the rod is 2 x 10 11 t! m- 2 , and the densitv of steel 8 x 10 3 

k~ m- 3 , deter~ine the lowest frequency likeiy to be heard. 
(State any assumptions you make). 

(4 marks) 

(c) A physics textbook states, 

"Jn the case of electromagnetic radiation, shock 
waves result in what is known as Cerenkov radiation". 

Critical of this statement, a reader comments: 

To obtain a shock wave,the speed of the 
source must be greater than the wave 
speed. As electromagnetic waves travel 
at the speed of light, and according to 
relativity theory nothin8 travels faster 
than the speed of light, shock waves 
produced by electromagnetic waves cannot 
occur. 

D. the comment gi·ven in the box~ For examn_. J.e, is iscuss ~ 
it reasonable or has some point been overlooked? 

(4 marks) 

TURN OVER 
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4. A boy and a man sit on a seesaw which_con~ists of a 
plank of mass 50kg, and length Sm, \,;ruch ,.s. supported 
at its centre point. The boy, r.:ass 30.k:r;, sits at the 
extreme end of-the plank 3nrt the ~an sfts on_t~e . 
opposite side of the support. To obtain ~'~ 11 1lJ.br1um 
the rr.an sits lm froL~ the SU?port. D2terrn:i.ne the 
magnitude of the reaction on the support. (Assume g= 10 N kg- 1 ), 

[ t~ Darks J 

5. The acceleration of a particle in ~eneral curvilinear 
motion is known ·to be 

6. 

a = St u + 5 u -x -y 

However, an observe~ claims that at t = ls, the particle 
had a velocity of 3m s- 1 and was mo·✓ing in a circular 
path of radius lm. Give reasons why this claim cannot 
be correc·t. 

(i) 

(4 marks] 

Give a kinematic definition of simple harmonic 
motion. 

(ii) Explai~ clea~ly what is meant by anr,ular simple 
harmonic motion, and state how the oeriod of such 
a motion is related to the initial ~isplacement. 

(4 marks] 

Continued 
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7. A r,cophysicist suspects that the earth has a core of 
radius R1 and density p 1 , DIFFERENT from the density P2 
of the rest of the earth (total radius R2). 

Surface 

Core 

Earth 

(i) Theoretically he can show, using Gauss' Rule, 
th~t rr the core exists, the field within the 8arth 
(R 1 <r < R2 ) can be expressed as a function of radius r 
by the equation 

G = -~ 11T ( R 1 3 

( P 1 - P 2 ) + r 3 P 2 ) ~r 

If the core does not exist 
LI 

G = -y •trr pr u -r 

On the basis of the above equations, can the geophysicist 
expect to be able to verify if there is a core, by very 
accurately measuring the variation of G with r just below 
the surface? Explain. 

(ii) Above the surface of the earth (r > R2 ) Gauss' Law 
leads to 

414 

G = if the earth has a core 

and 

G = if the core does not exist. 

On the basis of these equations would it be possible to 
d ·ct 1·r the earth had a core by carefully measuring pre i • . 

th; variation of G with r Just above the earth's surface? 
Explain. 

[4 mar>ks J 
TURN ov1rn 
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8. A high speed space ship approaches the earth. It SE_'!nds 
out radio signals to the control centre on earth using a 
frequency of 2.0000 x 10 6 Hz. T~e rarti~ receiver at the 
control centre can only detect signals in the range 
(2.0000 ± 0.0010) x 10 6 Hz. 

What is the maximum allowable speed of the space ship if 
communication with the earth is to be maintained? Explain 
clearly the reasons for your answer. 

[4 marks] 

9. The :maximum attainable .frt3quency for the accelerating 

6 field of a cyclotron is~ x 10 7 Hz. Determine the 

magnetic field required if pro-tons arc to be acce lPrated 
in the cyclotron. If the D<lximum radius of the cyclotron 
is lm, determine the m<lxirnum energy tJ-:at a proton- cdn be 
accelerated to. (Take ep = 1.6 x 10-19c, 

mp= 1.6 x 10- 27 kg and give the proton energy in eV,) 

[4 marks] 

10. Explai~ briefly how Heinrich Hertz in an experiment 
(sometim~s known as the Hertz experiment) first obtained 
an experimental ~alue for the velocity of propagation 
of electromagnetic waves, 

[4 marks] 

Continued 
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11. The following is a slie,htly modified extract from the text 
Alonso and Finn "?hysics", p.436, deriving the capacitance 
of a parallel plate capacitor. 

"A typical capacitor is formed by two parallel plane 
conductors separated by a distanced, with the space 
between them filled by a dielectric (Fig. 19-28)~ 

E 

19.28 Parallel-plate capacitor. 

~ '!, 

+Q~' 
-Q 

;.____:------
-d 

415 

The electric field in the space between the conductors is 
uniform. If a is the surface charge density, the potential 
difference between the plates is 

ad 
V 1 - V 2 = Ed = -

£ 

If Sis the area of the metal plates, we must have Q = 
£S 

Therefore C = a " 

(a) Which statements in this derivation are, in fact, 
approximations or assumptions? 

(b) Under what conditions might these assumptions be 
reasonable? 

[4 marks) 

as. 

12. Two principles of physics which are related to wave motion are 

I Huygen's Principle .. 
II The Principle of Superposition. 

observed with waves are interference and Two phenomena . 1 . • • • 
diffraction. In_a ':ery brief out ine, indicate which 
principle, or principles (if any), are necessary to explain 

(i) interference 
(ii) diffraction. 

. t by your answer whether Indica e • 11 ~'ffraction to be basica y and ul. 

different. 

you consider interference 
identical, similar, or 

[4 marks) 

TURN OVER 



Continued -8-

ST::Cl'ION C 

A z_ z. answe.'t's are to be recorded on the spe,~iri. Z. A~JS'.-!ER SHEET provided, 

1. The cosine of the ane;le betweP-n the vector 8~:< + 4~~y + 8!:!.2 
and the x-axis is 

A. 0.25 B. 0.43 C. 

2. Given the three vectors 

A :: 

B = 

C = 

then the 

A. -8 

3. The three 

u -x 
-5u -x + 2u -z 
7u + 3u --x -z 
product 

B. 0 

forces 

A. ( I3 X C) 

C. 6 

F1 = Su + -x 
F2 = 2u -x 
!:_3 = -2u -x 

0.55 

is 

D. 

2u -y 
Cu -y 

+ 6u -y 

7u -z 

D. 

(N) 

(N) 

on 

0.67 E. 0.82 

E. +8 

act concurrently at the point 4u + 7u ( n). The torque -x -y 
with respect to the point l~U + 6u (m) is -x: -y 

A. -Su mN B. 2u mN C. 4u mN -z -z -x 

D. 12 u mN E. 15u mN -x -z 

4. The angular acceleration of a disk about its axis is 

a= 8ms- 2 • If at t=O, w=O, the number of revolutions 
between t = fi, and t = 4fi is 

A. 10 B. 20 c. 30 D. 60 E. 80 

Continued 
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5. Consic!cr the fol~owinP.; staterr.ent. 

6. 

"Basic ririnciples of mechanics, for examole conservation of 
rnom~ntu!~, are never observed exactly in ~ny experimental 
analy" :_ s in t::c L1boratory. It is therefore rather un-
scicf'. ti f ic to have such principles called basic principles." 

Hhic:1 of the followinR replies show a good understanding 
of the nature of p:1ysics? 

I ''The basic orincioles are just theory and 
therc:ore it does· not matter what hap·pens 
in rc<7lity." 

II ''The basic principles are not observed in the 
laboratory merely because of inaccurate 
mcc.1suy•i:.:r:·,cnt~, of physical quanti·ties (e.g. 
mass and velocity for conservation of momentum)." 

III "?rincinles of physics are idealisations and 
it is a·lmost impossible to observe phenomena 
unc.r.r i<.lqa.l conditions." 

A. 1 end III only. 
B. I and IJ only 
C. I only 
D. II only 
E. III only. 

An e.:,pty frei['ht car. of mass i:io (kg) coa~ts ~:ong ~ hor~zontal 
f ).. --i·on1ess track with ve]ocity Vo at tJ_me c.-0. Sand is 

r_ cc • 'non,ner above the car verticallv with respect fall:i.n" from a _ .- J _ 

to thc-[',round. 

If the sand 
the mass of 
per second, 

A. vo 

Sandp 

ii 
_:•lt=Ol~=== 

-FrTctionless track and bearings. 

hits the floor of the car with velocity 
nd in the car accumulates at the rate 

sa • • 11 b the speed of the car at time t wi e 

B. 
movo 2 

mo + At 

E. 

c. movo + AtV 
mo + At 

movo 

D. mo + At 
mo + At 

V, and 
of :\ (kg) 

TURN OVER 
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8. 
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A cycloidal pendulum has a period which is, 

A. 
B. 
C. 
D. 
E. 

d t th "' mass of the pendulum. deoen en on "' . . · -d 
in~ependent of the vravitation~l [ici g. 
• d ,.., ni· 0 -r- -+- 0~mr)cratu.re variation. in epen'-'e . ... '-'" .. , 

1 
indeoendent of the pendulum lenit~. 
inde~endent of amplitude. 

'.T! eou"] •oass "rnoonlets" or rocks orbit the moon. They ,wo -- '-' - '·- · t' hrcnuent coll{de at p and co~,ine, as shown in ne su. ~ 1 

diagram. 

The value of vis 

A. 5 
J Vo B. 3 

f Vo c. Vo D_. 2 J Vo E:. 1 
J Vo 

9. Some of the basic principles of particle motion are 

I Conservation of Momentum 
II Newton's 1st Law 
III Newton's 2nd Law 
IV Newton's 3rd Law 
V Conservation of Angular Momentum 

(where momentum is defined as m7-, and angular momentum as 
r :X lTI:!)• 

Some of these principles can be considered fundamental, i.e. 
based on experimental evidence and definitions, and others 
can be derived from these fundamental ones. 

A sufficient and comolete set of fundamental principles 
to cover all the principles (I - V) would be, 

A. I only 
B. V only 
C. I and III only 
D. I and II only 
E. II and V only 

Continued 
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10. Accordin~ to the text Alonso and Finn, the distance between 
the sur~~ce of t~e earth, and the centre of the moon 
(assumed constant) is 

A. 3.82 X 10 8 m 
B. 3.78 X 10 8 r:t 

C. 3.72 Y. 10 8 r:t 

D. 2. 5 3 X 10 6 m 
E. l. 74 X 10 6 m 

11. Two discs arc supported by a light horizontal rod which is 
free tc, rotate about its centre on a vertical wire. Which 
of the followinE ~raphs best represents the moment of 
inertia I of the system about the vertical wire, versus the 
cistance d. ( Ti1e vertical wire is of negligible thickness, 
x can 1.i~, c1.ssurr.cd ncr'.ligible, and the moment of inertia of 
the horizuntal rod ignored). 

I ® 

0 d 

Vertical 
wire 

I 

0 

I 

X 

-n-

d 

I 

o'---------~ 
d 

© 

d 

TURN OVER 
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12. The relc1-t.:ionship p = 21T /i applies for the period of a 

torsional pendulum. This relationship only ~oplics for 

I situations where the moment of inertia, I, 
is constant 

II negligible friction 

III small angular displacements, 8, where 
sin3 "' 0. 

Of the above, 

A. I only is valid. 
B. I and II only are valid. 
C. II and III only are valid. 
n. III only is valid. 
E. all of the above are valid. 

13. A body of mass m released from rest a distance 3R from 
the centre of the earth will reach the earth's surface 
with a speed 

c. 2yMm 
-----nr D M§ • I w 

E ;§E! 
" / 3R 

where Mand Rare respectively the mass and radius of the 
earth. 

14. The gravitational force was found by Newton to be 

(a) 
(b) 

a central force, and 
a force that varies as 1 

r2 (an inverse square law force). 

Newton was able to deduce both these facts from 

A. 
B. 

c. 
D. 

E. 

Kepler's second and third laws 
the observation that planets m;ved • 
circular orbits. in dpproximately 
Kepler's third law only. 
the observation that all falli~g bodies have the 
same acceleration. 
Kepler's second law only. 

Continued 
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15. Two small electrically charged spheres, mass m1 and m2 and 
char~es Q1 and q2 respectively, are suspended by insulating 
threads of equal len~th and reoel each other so that the 
threads nakc equal anflcs with-the vertical. 

16. 

Which of the followin8 8tatements about the masses and 
t·},e charpc::; r•ust he true. 

/\. m1 = m,_ and Q1 = q2 

B. T'.l l = m 2 but Q1 is not necessarily equal to q2 

c. q1 = q2 but m1 is not necessarily equal to m2 

D. ml_ = m 2 

q1 q2 

d ~ 's ~he flux of the electric field throug._h a ~N .::,J_ -

c:Lo:-;ed surface. A uniform electric !ield passes through 
a spherical surface as sho,m, of radius R. 

Uniform 
electric field, E 

The flux of the electric field over the total surface of 
the sphere would be, 

A. B. D. 21rRE 

E, zero. 
'1.'URN OVER 
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17. Gauss' Law is written 

£0 f s 
E ~N dS = Eq 

E in this equation is 

A. 

B. 

c. 

D. 

the electric field, which is Rlways the same at 
all points over the Gaussian surface due to 
charges within the surface. 

the normal cornµr.)nent of the e1-ect·~~.c field at 
~he surface element dS, due to all char~~3 within 
the surface S. 

the electric field at the surface element dS, due 
to all charges. 

the nonnal component of the electric field at 
the surface element dS, due to all charges. 

E. the electric field, which is always the same at 
all points ever the Gaussian surface. 

18. Frequently the eJ.ectric fields near 

(i) an isolated charged. sphere 
(ii) a long line of charge 

and (iii) an infinitely large charged plate, 

can all be found easily using Gauss' Law. This is because 
Gauss' Law can be 

A. easily applied to find the electric field near 
any charge distribution. 

8. easily applied to find the electric field near 
any relatively simple charge distribution, 

C. applied to find the field near any distribution 
of charges provided the charges all hu.ve the 
same sign. 

D. often applied to find the electric field near 
charge 1istributions which have symmetry 
properties. 

E. only apply to the t~~ee physical situations 
described in (i), (11) and (iii). 

Continued 
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19. The diaF,ram shows a number of concentric field lines 
surrounding a tube of material. 

20. 

21. 

X y 

(If the field lines represent a magnetic field, t~is field 
could h~vc hc,-,n caused by a steady electric current in 
the tu~,e Y.Y.) 

If th,., field lines represent an electric field, which of 
the followinr: could have caused the field? 

A. Tube XY ha~ a positive electric char~~ distributed 
unifor.TJ,ly aloni,; its length. 

n. Tuhc Y.Y ca~ries a steady electric current. 

c. Tube XY contains a constant magnetic field parallel 
to XY. 

D. Tuhe XY contains a chanr;ing mar;netic field parallel 
to XY. 

E. Tube XY contains a changing electric field parallel 
to XY. 

The enerr,y stored in the mannetic fi~ld ?fan inductor is 
2J. If the self-inductance of the circuit is 4 x 10- 2 H, 
the current flowing in the circuit is 

A. 50A B. lOA C. 7A D. lA 

A lonr: straig,ht filamen~_ary c<;mductor produces a magnetic 
field at radius r from its axis of B. If the mean 
velocity of the electrons responsible for t~is field is v, 
the number of electrons, (charge e), per unit length of the 
conductor would he 

Br c. 21TBr D. µoBP 
A. Brev B. ev µoev 21TeV 

E. 
µ 0 Brv 
-2Tre 

TURN OVER 
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22. 

2 3. 

• • f ~1 dic-~ 1,j butecl over the cross--section A current I is uni orL, Y O L - • 

of a cvlindrical conductor of radius R. 

_ • th /'r.ipere, s Law the circulation of the 
By-ana~ol?y w:i_;;i ld"- (J. H d9,) uround a cirr.lc, concE!ntric magnetlSlng lie r ~•-
Wi;h the axis of the conductor (r<R) is 

A. 

B. 

C. 

D . 

.t .• 

110I 
2Tir 

I 

A beam of plane polarised ligl1t is incide,1 t on d sheet 
of <lichroic mat2ri2.l, ancl no li::;ht is transr:ittcJ. 'P1is 
is because the energy i.n the inciclent beam is 

A. absorbed in the material. 

B. transformed into the energy of the ejected 
pho·toelectrons. 

C. rotated into a plane perpendicular to the 
original plane. 

D. scattered out at right angles to the orieinal 
direction. 

E. reflected back along the original direction. 

24. Brewster's angle for glass is 56°. Plane polarised light 
is incident on a glass surface at this anple and the plane 
of polarisation is rotated about the incident beam. The 
intensity of the reflected light 

A. is sometimes greater than that of the 
incident beam. 

B. varies between zero and a maximum value. 

C. remains constant. 

D. varies between a minimum and a maximum value. 

E. is always zero. 

Continued 
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25. Two progressive SHM wave trai·ns, as h · 
sown, move with the same speed (3ms- 1) to the ri£ht. 

y 
+2 

-2 

I 
X 

If the equation of wave train (1) is y = 2sin (1Tx - 3nt), 
the equation of the wave train (2) will be 

A. 

B. 

C. 

D. 

E. 

y = 2sin 1T(x 

y = 2sin (irx 

3t) 

0. 2 

y = 2sin (nx + 0.2 

3t) 

3t) 

0. 2) y = 2sin 1r(x 

y = 2sin n(x 

3t 

3! + 0.2) 

26. A water tank has a glass window, as shown in the plan view 
below. An object in the tank is visible to an ouiside 
observer if li,vht travels as indicated by the ra.y diagram. 

Note 

sin Gt:. o 1. 3 - 1----:S 

sin 49° 1 :: 
1~3 

sin 42° 1 :: r:s 

If it were ~ossible for 0w to have any value in the range 
-90° to +90 , then the observer could see an object any­
where in the tank. 

A. This is impossible. 

B. This is possible, but ev must vary between +42° and -42°. 

c. This is possible, but 0v must vary between +49o and -49°. 

D. This is possible, but 0v must vary between +64° and -64°. 

E. This is possible, but ev must vary between +goo and -90°. 

TURN OVER 
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27. The graph of angular frequency, w, versus wave vector k, 
for sound waves travellin8 in a solid is of the form shown 
in the figure. 

2 8. 

w 

k 

The c~rresponding graph of phase velocity v, and group 
velocJ.ty v,,., ve1'sus k, would be best shown by which of the 

" following ~raphs. 

® ® 
>, 

~ ..... 
u 
0 

~ 
(lJ (lJ 

> > 
le 
> 

>,. v and ...... -+--
u u 
0 0 
(lJ (l) 
> @ > ® 

In 
of 
in 

which of the followin~ situat· 
1 t . . - ions can 

e ec romagnetic radiation wi·th 
f matter 

I 
II 
III 

terms o the photon concept. 

Optical activity 
Radiation pressure 
Photoelectric effect 

A. III only 
B. I and II only 
C. I and III only 
D. II and III only 
E. I, II and III. 

© 
>-, ....... 
u 
0 
(1) 

> 

V, 

the interaction 
only be explained 

Continued 
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29. Interferc~~e patterns are produced by two in-phase periodic 
S<?urce!; c., r •..:aves a distance d apart. If p 1• s on a 
line then nodal 

sin O = Cn-½H 
d 

The rcl~ti~nship may only apply 
under ccr~~in conditions, for 
exal:lple 

I cl i '.; very much r:reater than ). 
II ~in C:, 0 
III S1i' i:; r..uch rreater than S 1 S 2 

Of the atnve conditions, 

A. I, 11 and III are all necessary. 
B. I 2n~ II are both necessary. 
C. II only is necessary. 
D. III ~nly is necessary. 
F.. neith~r I, II, nor III is necessary. 

30. The visible spectral lines of hydrogen have been confirmed 

421 

1 7 ( 1 1 to be riven experimentally by I= 1.09677 x lD ~ - ~ 2 ) --I 

A theo~y was developed by Bohr which predicted that the 
spectral lines of hydrogen are Riven by the equation 

~ = 1.09131 x 10 1 c! - l > -.-II 
" 4 n 2 

On the L2.sis of equations I and II it would appear that, 

A. there is complete agreement between experimental 
observation and theory. 

B. there is a slight discrepancy between experiment and 
theory but it best be ignored. 

C. an attempt should be made to modify the theory to fit 
the experimental results more closely. 

D. as the theory is so close to the experiment it is 
obvious that the experimental resul~s are slightly 
incorrect. 



L.6 The experimental examination 1974 

u:nvr:r:s r·n OF W/1IK/\'l'O 

.(3.10~! PHYSICS - Expc.:rim':·ntal Phy1,ics 

( Time ullowe:d: Three hours) 

?'h{c paper co12r,ists o_r t:lzree sections. MaPkc may be 
gailled f1·01:1 all q1icot1:ons altemptecl. 

Cnnd·:'.dat:en ,,,c.y br-z'.n.7 any bool~o 7'.nto tJzc exc.mination 
l'Ocn·,, u1:d uz'c CJ:,,cctcd tn. bJ'illr, "Pl111c·icc II bu Ii lonso and 
f'im1, "J;:,:pe1'imc1,t.al Phynicr, ", ~nd Z.~:boratory notebooks. 

'.i'J!c vsc of lo;1 table:;, elide rulcv and d"£'a1,11:ng 
i1!stru;,1:-;,ts is pe1°ni-Ztted, 

Laboratory notebooko muat be handed in at the end 
of tJze c:··o.ndnat·t01z. 

SECTION A 

This secf;ion consistu of THREE questions. Eacli 
questio11 is worth 12 marks. 

SJ:CTION I3 

This section consists of NINE short questions. 
Each question is worth 4 marks. 

SECTION C 

This section connists of THIRTY multiple choice 
questions and is 1J0Pth 36 marks. In each case choose the 
best aitcrnative from those provided. 

(Up to five marks 1,n:ll be awarded for t7ze completeness 
of your laboratory notebook). 

NOTE: It is not antioivatad that you will use all the 
g1•aph pape1• supp.lied. 
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1. (a) To d~termine the • 
f 11 · resi stance, R, of a resistor the 

0 ~ owing circuit • d is ~se • R is required to 5%. 

D.C. 
Power 
Supply 

20V 

The followinz. readin[,S are obtained. 

V (Vc]t) I (rr,illiarnpere) -
0 0.05 

1 5.15 

2 10.10 

3 19.05 

4 20.15 

8 40.00 

lG 80.15 

Criticise the data that has heen collected. 

[4 marks] 

(b) In the D.C. circuits experiment, the values for the 
resistances R1, R2 and R3 were experimentally obtained. 
From these results the combined resistances of the three 
resistors in (i) series and (ii) parallel were predlcted. 
These "theoretical" values were checked experimentally. 

Copy and complete the following table giving your values 
for this experiment. 

423 

Theoretical result Experimental result 

RTOTAL series 

RTOTAL parallel 

Give very approximate error estimates in each ca.se, and 
hence conclude if your results confirm, or not, the 
theoretical equations for adding resistors in series and 
in parallel. 

[4 marks] 

(Question 1 - continued next page) TURN OVER 



Continued -2-

1. (c) A 50 Hz, 12 V (r.m.s.) ac supply is connected in 
series to an inductor, of resistance 1000 and 
inductance 0.32H, and a capacitor. 

12 V 
(r.m.s.) 

50 Hz 

a· 

If the r.m.s. current in the circuit is 120m.l\ what is 

(i) the value of C, 

(ii) the phase angle between the potential across ab 
and the current in the circuit. 
(Assume TI 2 = 10 and 0.32TI = 1). 

[4 marks] 

Continued 
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2. ~~)a An_~xperimental buffer system is provided at the end 
r ai_way track to stop trains (when necessary!). The 

~om~ressio~, x? of ~he buffer system versus applied 
orce, F, 1s ~iven in the table below. 

Appl.ied Force F(N) Compression x(m) 

1. 3 X 10" 0.02 
2. 1 X 10" 0.04 
3. 0 X 10" 0.06 
5. 0 X 10" 0.10 

8.0 X 10" 0.20 

1.5 X 10 5 0.40 

2.0 X 10 5 0.60 

It is suspected that the rela~ionship between f and xis 
of the form F = kxn. 

By plottinr a suitable graph show that the relationship 
bett-;een r and x is of the form F = kxn and, hence, 
determine k. 

[4 marks] 

(b) In Exp. 4, a photogr~phic analysis was made of the 
col]ision of a rr.ar;netic puck with an equal mass stationary 
mavnetic puck. Is the loss of eneq,;y. in this experiment 
ncrliflible compored to the other errors or uncertainties 
involved in this experim~nt and in the photographic analysis? 
Explain briefly and clearly, supporting your argument with 
numerical data where possible. 

[4 marks] 

(c) One of the basic laws of physics is the conservation of 
momentum - "the total momentum of an isolated system of 
particles is constant". 

With relation to the above basic law explai? (one sentence each) 
in what way it 

(i) 
(ii) 
(iii) 
(iv) 

is an experimental observation, 
is an idealisation, 
is a generalisation,_ 
can be used as a basis for prediction. 

[4 marks] 

TURN OVER 



Continued 

3. ~ 1 • j n a new diffraction (a) To determine t~ie number o~ ~ 1-nes - .. . _: .,., .-, 
• d"f-F ction Ddttcrn fer a kno,,.n iJ,t\,,.l_ngth of 

f?'ating, a l ,.r':1 1·c-\1,a·,,Te tube is to be ,:malysed 1 "ht from a helium ri~c, Lt - , _ .. 
ii',• •. , • :l ·n-0 - n> fo.,... the anPu.Lar position using the relat~onsnip. r SJ. ·- , • ~ 0 

of the diffraction maxima. 

--- --- -- --- -- ----[ f 0. bserver e -~ ---- =-~ Light-:. !.-¥----.....:>~-------=i8, __ I :...~ 

------ -- -- Gra~ing 

--
With the basic apparatus set up (and not. s~1bsenuently ':ltr.red) 
two students"obtain results, for the position ~f the fi~~~ 
order strong yellow helium line (wavelenr.;th "' !.:, • 876 x lu m) • 

Student 1 x = 26.1, 26.4, 26.2, 26.0, 26.3 

Student 2 

L = 2.000 ± 0.005m 

X = 26.1, 26.3; X 1 = 24.3, 24.8 
L = ·2.00 ± 0.02m 

State which student has the most useful set of results. Explain. 

[4 marks] 

(b) It is decided to measure the wavelength of sound, frequency 
3000 Hz, by analysing the interference pattern produced by two 
adjacent; and synchronous sound sources (loudspeakers). In 
addition to the speakers, an oscillator, a microphone and a 
C.R.O. are available. The speed of sound is known to be 
about 330 ms- 1 , but the interference patt~rn is to be used 
to provide a precise measure of wavelength. 

With a schematic diagram, show how you would set up the above 
apparatus. Determine suitable values for source-source, and 
source-detecto~~istances (show working) and include these 
values on your diagram. 

[4 marks] 

(c) The wavelength of microwaves can be determined using a 
Michelson Interferometer. Explain briefly how, once your 
appa:atus was set up (see_Experimental Physics, p.119) you 
obtained your results. List all readings and explain how 
the wavelength A, was determined from these results. Include, 
with your value for A, your error analysis. 

[4 marks] 

Continued 
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4. 

SECTION B 

"r: • f x~tehr1P1ental Physics" g~ ves two different relationships 
or e standard error, i.e. 

and 

0 = i i 
;r.n. (x.-x)2 

N 

a = 
Ln. X. -X 2 

i i 
n(n-1) 

Explain clearly the basic differ~nce in these two formulae 
by sti1tini', clct1rly •:he situation for which each one applies. 

(4 marks) 

5. An cxpc~iDcnt is carried out to determine the suitability 
of an a1r track, photocell pate, electric clock system for 
the i::,,a::::urcr~er:t of r using the relationr,hip v 2 = 2o- sin0x 

.. • • • • t.:, , 

6. 

wnei:·c v J_s the vcloci ty of the r,lJ_der after accelerating 
a distance x from rest. 

Consistcntlv, with th~ particular apparatus used, a value of 
~ of 7.Um s~ 2 is cbt~ined. 

Give at lc,7 st th;~en. possible reasons which might account for 
this lar;•e sy'.>temc-tic error, ar,d which you think should be 
invcstirnted if the systematic error is to be eliminated. 
(Do not-a~sume this aooaratus is exactly the same as you 
used) ___ ~!~ntion very b~iefly why you consider your reasons 
would lead to a low value of g. 

(4 marks) 

State the values you obtained for the~ ratio of the - m 
electron usinfl J.J. Thompson's method. Include the values 
for the elect;ic and magnetic fields used for.each analysis. 
When you compared your value of~ with that given by the 

m 

text Alonso and Finn, what was your conclusion about the 
possibility of systematic error? 

(4 marks) 

TURN OVER 



Induced 
Voltage 

Continued -6-

7. A physicist working for a publishing firm is asked.to 
suggest a conttnually repeatable method for rneasuri~g t~e 
thickness of single sheets of paoer. The paper varies in 
thickness~ not in density, and the method suggested must 
be adaptable to remote reading in a distant control room. 

He suggests using a radioactive so~rce and dete~tor system, 
or a mechanical (remote control) micrometer device. His 
radioactivity suggestion is outlined in the diar,ram. 

CONTROL ROOM I I 
I I 

I I OETECTOR RADIOACTIVE SOURCE 
1------I 1 ~' -----CJ CJ (~ PARTICLES} 

METER 
II II ~PAPEK 

I I I 
Pl(/NCIPLE: The inten5Jfy of radiation at detector depends upon 
paper th/ckness (obsorphon of f3 particles). 

Suggest (from your knowledge of physical phenomena 
considered in experiments in this course (or otherwise)) 
two alternative methods for measurinp: the paoer thickness 
that might be feasible and practicable, (one· sentence 
?nly for each method, explaining briefly the principle 
involved - rough sketch if appropriate). 

[4 marks] 

8. The in~uce~ voltage produced by a coil rotating in the 
m~gnetic fie~d o~ a horseshoe m<lgnet is shown in the 
diagram (solid line). 

\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ I 
'J 

I 
I 
I 
I 
I 
I 
I 

I 

Time 

According to theory 
the induced voltage 
can be shown to be 
sinusoidal with 
amplitude BANw 
(dotted line). 

Ci) What simplifying 
assumptions are made 
to theoretically 
predict the sinusoidal 
relationship? 

(ii) By considering 
which of these 
assumptions may not be 
valid, attempt to 
account for the shape 
of the induced voltage­
time graph obtained in 
practice. 

[4 marks] 

Continued 



426 

Continued 
-7-

9. A student is attempting to verify the Ampere Law relationship 

. +co 

= J B.d.t = i.ioNI 

by measurinp the magnetic field along the axis of a 
Helr:holtz coil urranpement. Each coil has 50 turns, and 
carries a current of 4.00 A per turn. 

Axis 

B 

Usinp; a l!all nrobe the fielcl is measured from -25cm to 
·n-own- The area shaded on the graph +25cm ass • 

cf ~-il) is calculated to be 

(4.40 ± 0.01) X 10-" m kg c-1 s-1 

while µcNI is calculated to be 

( 'L O D + D . 0 1 ) x 10 - " m kg C - l s - l L ___ ~_.:..5.~_:~~~.!___:..-=.'.:_ _ _.'..:'.._::.k~~f~r-o-m~t~h~e~s~e~:r=e~s~u~l~t~s~?~~D~o:you 
What conclusion wo~ld you ~a e 

Ct a systematic error. suspe · 

[ 1~ marks] 

TURN OVER 
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10. A new microwave experiment is developed, where the 
problem is to determine the possible shape of metal 
objects (or u metal object) inside two different poly­
styrene boxes, by analysing the intensity and polarisation 
cf m3.crowaves transmitted through the boxes. 

The diagram shows the apparatus used, and then some 
preliminary results follow. 

TrrJnsmitter Box Detector 

Results lnitia! Final 
Polarization Polori..,ot;on ~ -· -

Bo 

Horizontal ~ ~ X A 
Polarization vector 
Rotated 45o (a.s r.hown) 

~ ~ 
with minimal intensity 

Vertical 
change 

Bo 

Horizontal ~ ~· Polarization vector 
X B Rotated 45o (as shown) 

~ ~) 

'> and diminished in 

Vertical 
intensity 

Su est w gg . hat might be in the boxes t 
If the incident polarisation . ~ produce_these results. 
a.-ri angle of 45 o to the vert. v~ctor l~ now orientated at 
final direction of the pol- i~a ,_predict for each box the 
·t f" . arisation vec .... o d is 1.nal intensity. ~ran comment on 

[ 4 marks] 

Continued 
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11. A student c,tudyi 11 1 • • 
1 • ~ ng e ectron diffraction" does not belie 

e ec~rons have an associated wavelength. Rather he ve 
c~nsiders that th~ pattern is due to X-ray diffraction 
s:~~e X-r•.J.ys wcula be produced when electrons collide ' 
~l th e crystal, and these X-rays would be diffracted 

Y the crystal, as SU£gested in the diagram. 

6·3V 
A. C. --~----

X-rays produced 
here 

Electron 
beam 

2-5 kV 
O.C. 

X-ray diffraction 
pattern on screen 

Diffracted X-ray 
(elect rornagnetic) beam 

His theory could be disproved because of the oifference 
in behaviour of electrons and of elcc"!:romagnetic waves in 
either electric or n~Enetic fields. Explain how you 
would, in practice, exoerirnentally verify that the 
pattern on the screen is produced by electrons and not 
elcctrom2Enetic waves (suggest two procedures). 

[ 1f marks] 

12. De Broglie in 1924, merely from consideration of the particle 

nature of light, and the relationship A=~ for photons, p 
suggested that particles (e.g. electrons) might have a 

wavelike nature with a wavelength given by A= h. p 

As De Broglie had no experimental evidence to support this 
proposal ;t that time, bu! mere~y_invented the,id~a 
(probably hecause nature is strikingly symmetric in many 
other ways) it is sugRested by a student that this was a 
most unscientific proposal. 

In general, would you consider a tentative proposal like 
De Broglie's to be unscientific? Very briefly, give your 
reason °(one or two sentences only). 

[4 marks) 

Tl/RN Ot'ER 
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1. 

2. 

SEC'!'TON C 

'.fhe following inform,1.tion refers to ouesti.ons 1 an(! 2 

Spheres are allowed to fall vertically throu~h a tank of 
w~ter, and are timed between fixed points l m apart. 

The time of fall for spheres of various radii and d~nsities 
are given in the follm;ing table. 

Densi.ty of sphere I Radius of sph,,re I Time to fall 
I 

PS r 
I 

t 

(kg m- 3) (m) ! ( s) 

10 3 10- 2 ' 4 X 1.00 X I 9 
lf X 10 3 0. 7 5 X 10- 2 

I 
16 

4 X 10 3 0.25 X 10 •• 2 144 
7 X J.O 3 0.25 X ]_ 0 - 2 72 

10 X 10 1 0.25 X 10- 2 48 

Density of water = 1 10 3 kg 
. -3 

Po = X m 
-

Whic~ o! the following £raphs would be most useful in 
predicting the time to fall 1 metre for spheres all of 
fixad density 4 x 10 3 kg m- 3 ? 

A. t versus r2 

B. t versus 1 
r 

C. t versus 1 
r2 

D. t ,.,ersus X' 3 

E. t versus 1 
i-,"3 

Which of the followina h graph? o grap s would be a straight line 

A. t versus PS 

B. t versus 1 

PS 

c. t versus 1 
ps+po 

D. t versus ps-po 

E. t versus 1 
Ps-po 

lm 

Continued 
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3. 

4. 

5. 

The percentage error of a quotient is given by/PA2+p8 2, where 

PA and Pg represent individual percentage P.rrors. Hence 

if the current through a resistor is t+.O ± 0,2 mA and if 
the potential differen~e across the resistor is 0.20 ± 0,01V, 
then the resistance of the resistor 

(f) is best expressed as, 

A. ( 5. 0 ± 0. 1) X 10 1n 
B. ( 5. 0 ± 0. 2) X 10 1n 
C. ( 5. 0 ± 0. 4) X 10 1 n 
D. ( 5. 0 ± 0. 5) X 10 1n 
E. ( 5 ± 1) X 10 1n 

TI1e followinB table shows a set of results obtained for 
mcasur5ng the focal length of a spherical mirror. 

f. f. - f (f. - f) 2 
l l l 

20.5 
l '? . 9 
13. 5 
20.5 
19.B 

Assuming f = 2C.O, the error value of n(n-1) -- is 

approximately, 

A. 1 X 10- 1 s 
B. 2 X 10-· 1 s 
c. 3 X 10-IS 
D. 4 X 10-IS 
E. 6 X 10-IS 

From a theoretical point of view, Kirchhoff's Laws for 
D.C. circuits are best described as 

A. 

B. 

c. 
D. 
E. 

laws which can be derived from basic conservation 
laws. 
purely experimenta; laws, unrelated to any basic 
principles of physics: 
laws which can he derJ __ ved from Ohms La":. 
laws which can be derived from Coulombs Law. 
fundamental laws of physics, i.e. basic 
principles of physics. 

'J.'URN OVER 
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5. The relationship between two phys~cal quantities, y and 
• • t' t·el a"d the r~ollowinc graph plotted (note x, 1s inves iga (. ·" - c. ~ • 

axes). 

y A 

5 

2 

------------~ 
10- 1 1 

5 

2 

10-?. 1 
~ 

2 4 6 8 X 

This graph su2gests that, provided~ and n are both positive 

k c. ke nx B. y = y = n 
X 

D. y = ke-nx E. y = n.c.k:x. 

7. A batter-y of internal resistancr.~, 3St, and three light bulbs 
(each of constant resi2tance 1.SQ) can b~ connected 
together in various ways. If the li;--;ht ,,;:1itted frcrn the 
bulbs ia proportional to the power dissipa~ed in the bulb, 
which of the following would cive the maximum total output 
of light? 

® 

Continued 
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8 • Tw'? mapnets are attached to the adj a cent ends of two 
Rl~ders_so that t½ey attract rather than repel. One 
~lid~r is placed in the c~ntre of the track and is initially 
stati~~ary. ~he scc~nd ~lider has an initial velocity of 

9. 

2 ms . The two r;liders are of equal mass,and on collision 
they naturally 'stick' to~ether. What is their combined 
velocity after collision? 

A. The final comhined velocity will be 1 m 
conservation of momentum will apply. 

-1 s , 

B. As the mafnetic potential ener~y is lost on 

as 

collision the final K.E. will be greater than that 
obtained by a putty collision and therefore the final 
velocity will be greater than 1 m s- 1 • 

C. ThP final cornhined velocity will depend on the 
velocity of the two gliders just before collision and 
this is not known. 

D. As the magnets attract the initially stationary 
Elider will be moving towards the other glider 
before collision so that the final combined velocity 
will be less than 1 m s- 1 • 

A space craft, P, moves purely under the gravitational 
attraction of a double star alonf the path X'X shown (no 
rockets). The two stars are a distance 2b apart. (The 
rotation of the two stars about their centre of mas~ in 
the time taken for the space craft to move from X' to X7 

is neglir,ible). • 

~Star1 

~t 

x-' _spraft - ---~---:- +--
~------- X b 

-x 

~i 
~Star2 

The position x at which the sp~ce craft P would 
expe~ience a maximum acceleration along XX' would 
when xis equal to 

be 

A, zero 
b c. 2 D. b E. 12b 

TURN OVER 
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10. The mathematical relationship 

8 F lo - 3 9x O 4 - • ) X . dt - • X 

represents a particle moving in 

A. damped harm0nic motion 
a. damped motion under a constant force 
C. forced oscillations with damping 
D. forced oscillations without damping 
E. simple harmonic motion. 

11. A solid cube mass M, edge len~th a, has a long thin rod 
driven through the centre of one face, and oern~ndicular 
to it, as shown. The rod is therefore an axis· of symmetry 
of the cuhe. The moment of inertia of this cube abo•_1t this 

12. 

rod will be 

A. zero 

R. Ma 2 

C. 

D. 

E. 

Ma 2 
-3-

Ma 2 

-r 
Ma 2 

I2 

l 
a 

l 
Cylinder A 
(mass M, radius R) 

A uniform cylinder A 
(mass M, radius R) is 
dropped from rest onto 
a freely rotating uniform 
density cylinder: B (mass 

A. 

D. 

Cylinder B 

Mo, radius R0 ) which had 
initial angular velocity 
Wo. After A has dropped 
onto B, the combination 
rotates with an~ular 

(mass Mo. radius R0 ) 

velocity w. Th~ radius R 
of the dropped cylinder 
is equal to 

[Mo Ro 2 ( w o -w)] ½ 
Mo1 

MoRowo 
Mw 

B. 

E. 

[ MoRo 2 w0 ] ½ 
M(w+(J10 ) C. 

[ MRow 0 2 ] ½ 
Mw 

MoRo(oJ-wo) 
Mw 

Continued 
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13. 

The ajove collision is analysed and linear momentum, 
tranf,lational kinetic enerr;y, and angul&r momentum (about P), 
are all found to be conserved if maEnetic pucks are used. 
If th,:> rr .. 7 a;,,,t ic pucks are now replaced hy plastic pucks 
(Q<0) which of the above quantities would you now expect 
to Le conserved? -

A. An~ular momentum (about P) only. 
TL Lin2ar mor:,entum only. 
C. Anrular and linear momentum. 
D. Anr;ular momentum, linear momentum, and 

translational kinetic energy. 
E. An~ular momentum, linear momentum and total 

kinetic enerzy (rotational plus translational). 

14. A loudspeaker emits a sound of frequency f, near a solid 
wall. A line of policemen stand in a line at right angles 
to the wall as shown. 

L.m l ,,,, ,,. ,,. ,,,, c ,,,, ,,,. ,,,, 

·D Loudspeaker 
X 

,·---r 

x Sm 

©·J_ 
X 

&.::--------- 200 m ---------:;;> 

(Not to scale) © Policeman (hears 
no sound). 

The policemen stand 2 m apart and (as shown) one policeman 
in four claims he is unable to hear the sound. The wave­
lcnrrth of the sound emitted by the speaker must be 

b 

A. 4. 0 m B. 2. 0 m c. 0.32 m D. 0 .16 m 

E. 0.04 m 

TURN OVER 
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15. A physicist attemp!s to_find the inte~si!Y (I) versus 
distance (x) relationship for the variation of sound 
intensity directly in front of, and relatively near, a 
larpc Joudspc~ker. A lo~-log rraph is plotted of the results, 
as s'h,)wn. Consecutive "powers of t0.n" are ec1ualJy spaced 
on the two axes, and the straight line intercepts the x-axis 
at i~S 0 • 

log 1 

log x 

According to the above graphical results the rAlationship 
between I and x (assuming k and care constants), over this 
range of values, is best summarised 

A. I k + = -2 C 
X 

B. I k = 
X 

c. I = k 
-2 
X 

D. I = -kx 2 + C 

E. I = -kx + C 

16. The followinB diagram represents the interaction of an 
alpha particle with a heavy gold nucleus. The diagram 
represents the collision from the frame of referen~e of 
the gold nucleus. 

Gold nucleus 
----- - -- _T ______ -----

b ,,,,,,/ 
/ 

@----➔ --L--.c--~----
0( particle ,,,,,, ¢ 

(Question 16 _ t· con ~nued next page) 
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17. 

Assumi1:1g the r:old_nucleus is very much heavier than the 
a-particle, the dia~ram is quite an incorrect reoresentation 
of the collision. Possible reasons for this are· 

I the scattering angle is incorrectly defined 
II the impact parameter is incorrectly defined: 
III angular momentum could not pos~ibly have been 

conserved ~ccording to this diagram, but it is 
conserved in theory. 

Of the above, 

A. I and II only are valid. 
B. I only is valid. 
C. II only is valid. 
D. III only is valid. 
E. I, II, and III are valid. 

The followinp information refers to questions 17 and 18 

In an experimental investipation of a particles deflected 
by a thin foil of rold, Rutherford found that only one 
particle in 10,000 was deflected more than a few degrees. 
In an attempt to explain the minimal deflection of a particles 
by a po]d foil Rutherford oroposed his model of the atom. 
Further, assumin~ the nucleus was a point charge, and 
Coulomb's Law could be used to determine the force between 
the nucleus and the a particle, a prediction was made that 
the number of particles with a scattering angle between t 

. 1 .. ct, and ~+d¢ was proportiona to cosec 2 . 

• • th " t In predicting e cosec 2 relationship, Rutherford assumed 

that Coulomb's Law (F = 4°1 ~ 2 ) would apply at very small 
TTE:or 

distances for which it had never been tested before. Which 
of the following statements about Coulomb's Law would have 
been the basis for making this assumption? 

A. 

B. 

c. 

D. 

It was not unreasonable to expect Coulomb's Law 
to hold at small distances and there was no 
evidence to the contrary. 

Coulomb's Law is based on experimental evidence 
about forces between charges and therefore it must 
hold at any distance whatever between· charges. 

Coulomb's Law does not explicitly state any 
limitations on the distance between charges. 

Coulomb's Law is a basic principle of physics and 
hence must apply at all distances. 

TURN OVER 
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18. Rutherford's initial ideas about th~ atom led to a 
pr·ediction whi_c!1 ccn1ld be checked exocrimentally. Which 
of the following opinions about Ruth~rf?rd's ~et~od ?f. 
investigation shows the best understanding of scientific 
methods. 
A. Scientific ideas should not really be used to make 

predic-tions. 

B. Rutherford shou~d have obtained all t~e ~x~crimental 
evir:lence possible J::efore inventing cmy "cheor•y, or 
ideas, to explain his rcsu].ts. 

C. Ruther.'ford proc(:ecect in a rat~~1er unscientific manner 
in using his initial results to invent a model, or 
theory, of atomic structure. 

D. As Rutherford's in i tia 1 ideas \•lere based on cxoerirr,ental 
evidence, there was no need to ex?erim~ntally ~heck his 
prediction. 

E. Scientific ideas arc most useful if they make predictions. 

19. Certain assuVtptions are made in cieri ving the period of a 
simple pend 1.1lum 

- IT p - 21T g 
Some of these assumptions might be. 

I 
II 
III 
IV 

the 
the 
the 
the 

ten~ioh in the string is negligible, 
string obeys Hooke's Law (F = -kx) 
damping of the pendulum is-negli~ihle, 
pendulum has a small amplitude motion. 

The necessary ass11mptions are, 

A. I, II and IV only. 
B. I, III and IV only. 
C. II and IV only. 
D. II, III and IV only. 
E. III and IV only. 

20. In developing !he re~ationship for the deflection of an 
electron beam in a simple cathode ray tube, 

L Vx R. 
D = 2Vd the unstated assumption has been made that 

th~ accelera!ion_due to the gravitational field is negligible. 
This assumption 1s reasonable because 
A. 
B. 
c. 
D. 

the cathode ray tube is mounted vert' 11 
th . . 1 . ica y. 

e gravitat1ona field in a vacuum· 
th 1 . is zero. 

e acce eration of the electron due • · 
field would be much les~ th _}o the gravitational 

. . u an 10 ms 
the electric field produces accele t· • 
greater than 10 m 5 -2 ra ions very much 

Continued 
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21. The force distance relationship between two magnets is 

given by F(x) = 8xl0- 3x- 1 • 5 N 

where xis the distance between the magnets in metres. 

As F(x) = - df.D , the magnetic potential energy between 
dx 

mar,nets (assuming Ep = 0 at infinity) is given by 

A. E (X) 
p = 4 X 10-' x- 0 • 5 

B. L ( X) 
p = 1. 2 X 10- 2 x- 2. 5 

c. E (x) 
p = 1.2 X 10- 2 x-o.s 

D. F, (x) = 3. 2 X 10- 3 x-2. s 
p 

L. 1: (x) = J.. 6 X 10- 2 x-o.s 
p 

432 

22. In Experimental Physics, p.106, a graph is provided of 
frequency and velocity of water waves at a given depth. 
Referrinp to this praph, what would be the most suitable 
depth of.water so fhat there would be as little range 
of wave spced,over the entire frequency range 1 Hz to 100 Hz, 
as possible? 

A. 

D. 

0.2 cm 

2 cm 

B. 

E. 

0.4 cm 

very deep. 

c. 1 cm 

23. What category of electromagnetic waves has a wavelength 
of Bmm? 

A. Gamma rays. 
B. Red lir,ht. 
c. Infrared lir,ht. 
D. Micrm-.,aves. 
E. Radio waves. 

TURN OVER 
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24. A light source, cor1 verging lens, and ~ s 7rc:n 
t • ~, bench as shown, and a clear 1ma 0 e an op lC=~ - , 

t • M 1·s obtained on the screen. ca ion , • 

are set upon 
of magnifi-

·~ --~ .:; ------q ------:;> 

Light 

Scre~m Lens 

If the distance from lens to screen is q, the focal len~th 
of the lens is 

C. (l+M) D. 
q E. (1 +M)q 

M 

25. A convex lens of focal length 0.2 mis placed in contact 
with a concave lens of focal len~th -0.4 m. The focal 
length of the combined lens would be 

26. 

A. 0. 1 m B. +0.4 :n C. +2.5 m D. -0.2 m E. -0.4 m. 

A lens is placed between a light source and a screen. The 
distance between source and screen is 4m and no oosition of 
the lens can be found so that a clear image of the light 
source is formed on the screen. Assuming the lens is a 
thin lens, i.e. the focal length is long compared to the lens 
thickness, the fact that no clear image is obtainable suggests 
that possibly the lens is 

I concave (diverging) of 
II convex (converging) of 
III concave (diverging) of 
IV convex (converging) of 

focal 
focal 
focal 
focal 

length 
length 
lcnr:th 
length 

less than lm. 
less than lm. 
greater than lm. 
greater than lm. 

Of these suggestions the reasonable ones are 

A. I and III only 
B. I, II, and III only 
C. I, III and IV only 
D. II and III only 
E. III and IV only. 

Continued 
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27. A photovoltaic cell will generate a small current in a 
circuit as shown in Fig (a) when light is incident on it. 

Photovoltaic cell 
R=3Il 

R=300fl 
R=500fl 
R= 1000fl 

28. 

Fig (a) 

Milliometer 
{Ncg/191 ble 

re sis lance) 

~0-6 
E 
c O·f+ 
a, 
L­
'--

c.30-2 

1/v 

~7 
./ c::---~ 

~ 
/ 

-----
i--'-

b?-' I---~ -L--

I~ 
i.--

,,v 

50 100 150 200 250 
Light intensity (lux) 

Fig. (bl 

Fir:. (h) shows the current r;enerated in this circuit at 
diffcr~nt liRht intensities and with different resistances 
R in the circuit. The light intensity is given in lux, 
a co~mon unit for this quantity. 

If the 1°csistance of the "external" resistance R was 
reduced to zero, what current would you predict for a light 
intensity of 200 lux? 

A. r,rcater than 600µA. 
B. ahout 560µA. 
C. between 320 and SOOµA. 
D. it is impossible to predict from ~he information 

given. 

The following graoh uepresents a set of results plotted 
on scmi-108 graph-paper. The maximum value of A (at t = 0) 
is 0.3 m. 

Log A 

The best expression 

a.st -0.3 
A. A = 

B. A = 0.5e 
-0.3t 

c. A = O.Se +0.3t 

D. A = 0.3e 
-0.St 

0.3e 
+O.St 

E. A = 

for the 

m. 

m. 

m. 

m. 

m. 

slope = Log A 1 - Lop; A 2 = 
t l - t2 

t 

-0.5 

relationship between A and t is 

TURN OVER 
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25. In studying the photoelectric effect, in Fxn. 12, ~ 
'reverse' current is found to r~sult for large ?~tarcting 
potentials. TheoreticaJ.ly, this is not expected but it 
occurs beca.u:,e 

30. 

A. the filters do not pass a well dcfi~ed wavelength 
of light.-

B. the large photosensitive surface recaptures all 
the choto~l0ctrons emitted fron the surfac~. 

C. the amplifier, i.c.nd a.deli tiona.l c.ircui. try, p:coduce 
,:>. spurious r:everse current for low l)1~tput curr.::nts. 

D. srJme ultravi.ole·t light is e::1itted 0:1 the li6 '.1t 
SOUl"'Ce • 

E. ·the collecto1~ el7'1.i ts r-ho·toelectrons which are 
collcctzd by th,3 large p!-1o·tosensi·ti.vc stu•face. 

The work function of a. rr.etdl is 4 cV. Pl~nck's constant 

is 6.63 x 10- 3 'Js and the electron charz~ is -1.5 x 10- 19 c. 

The threshold frequency o:f t11e above JT1etal is 

A. 9.6 X 10 111 Hz 
B. 6.4 X 10 1 If Hz 
C. 4.1 X 10 l If Hz 
D. E. . 5 X 10 1 .. Hz 
E. 1.6 X 10 l 11 Hz 
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FURTHER ASPEC1'S OF ATTITUD1c - MEASUREMENT 

In a stuay associated with the work described in Section 8.3, 

434 

Tennent (1972), as part of ~n undergrad t · t · h · 
~ ua .e proJec in p ysics super-

vised by the author, investigated the use of the semantic differential 

techni4uc (Csgood, 1957) as an alternative method of attitude measure­

ment. Ile dc-veloped a semantic differential instrument and compared it 

with the Lib,~rt scale instrument of Section 8. 3 by using both 

instruments with 147 undergraduate and seventh form students. 1 

The semantic differential instrument analyzed the concepts of 

PHYSICS and the USE OF MATHEMATICS IN PHYSICS with respect to bipolar 

adjectives associated with Objectives V(C), VI(A) and VI(B) of the first 

year physics courses. A factor analysis yielded the factor loadings 

shown in Table M.1. 2 

Correlations between the totals obtained from each set of four 

semantic differential bipolar adjectives (Table M.l) and the totals 

obtained for each objective using the Likert items are shown in Table 

M.2. In the latter table the correlations which were expected to be 

high in tenns of face validity are underlined, and the results provide 

some support for the validity of the Likert totals. 

The analyses of Tables 8.1 and 8.2 suggested that: 

(i) Objective V(C) is not a unidimensional objective in that 

factor loadings for this objective in Tables 8.1 and 8.2. 

were not all on the same factor. This view is supported by 

lThese students were not the students used in Tables 8.1 and 8.2. 

2Four bipolar adjectives used in this analysis but not of consequence 
to the work of Chapter 7.3 have been omitted from the table. 
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'l'able M. l Fact:?_~ zmalysis* of Semantic Differential Scales in 1972 

(N =~ l '17) (7 forn ancl unclcn.,r~d·uat·.e 11· • , ~ nysJ.cs students) 

~ ~ _ _ ac or Loadings ~0.5 Coric".p•/c-n ~~l_>olc1r ,l\djectivcs_ [an_ d / F t 
) 0 ., s lb 1 y he 1 at Cd Ob J e ct l. ve o/;---1------:--2--:----3-_,;.---=---=---4..:...:.~~=--5--' 

PllY~I_CS [Obicctivc! V (C)] 

Finalized - Tentative 

Closed - Open 

Stable-Ch,ingeable 

Complete-Unfinished 

USE OF MNl'ilS IN Pl!YSICS 

[Objective VI(A)] 

PHYSICS 

( i) 

Bad-Goocl 

Nice-Awful 

Unsatisfying-Sdtisfying 

Unpleasant-Pleasa11t 

(ii) 

Worthless-Valuable 

Unimportant-Important 

Useless-Useful 

Irrelevant-Relevant 

[Objective VI (B) ] 

(i) 

Dull-Sharp 0.7 

Pleasant-Unpleasant O. 7 

Satisfying-Unsatisfying 0.7 

Uninteresting-Interesting 0.8 

(ii) 

Inconvenient-Convenient 

Irrelevant-Relevant 

Unimportant-Important 

Worthless-Valuable 

0.6 

(0. 4) 

( 0. 4) 

0.6 

0.6 

0.8 

0.7 

0.5 

0.6 

0.5 

0.6 

0.6 

0.6 

0.6 

0.7 

0.8 

(0. 4) 

0.6 

0.6 

(0. 4) 

* Factor analysis using multiple correlation coefficient in the 

diagonals of the correlation matrix. 



'l'uLlc M. 2 ~~1:'n'l ,1tions bct\-:ccn LikP.rt Scales Subtotals and 

Sei:.:,nlic Djffc'.rcntL1.l Subtotals, Tennent (1972) 

(N =-= 11,7) 

Like rt Scales 

V (C) VI (A) VI (D) VI(C) 

I V(C)s 0.21 0.09 -0.01 0.13 --
VI (A) (i) s 0.20 0.67 0.44 0.22 

Semantic 
Di ffcn~ntial VI(A) (ii) s 0. 36 0.46 0. 36 0.23 --
Subtotals 

VI (13) (i) s 0.46 0.41 0.69 0.40 

VI (B) (ii) s 0.45 0.42 0.58 0.29 --

Expected high correlations underlined 
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(ii) 
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the low correlation between the Likert score on this 

objective and th 1 ere evant Semantic Differential score 

(r=0.21).3 

Objective VI(A) is unidimensional and quite distinct 

from the other objectives in that all Objective VI(A) items 

in Tables 8.1. and 8.2. loaded on a single factor. However, 

the Semantic Differential analysis suggests that the "useful" 

aspect and the "satisfaction" aspect of this objective (in 

Table 5.1) may be two distinct aspects of this objective. 

(iii) Objective VI(B) is unidimensional. Although the Semantic 

Differential analysis of Table M.2 indicates two aspects of 

the objective, the totals of VI(B) (i)s and VI(B) (ii)s were 

highly correlated ( r = O. 71). a. 

(iv) Objective VI(C) is not a unidimensional objective in that 

in Tables 8.1. and 8.2. the factor loadings on this objective 

were not all on the same factor. This objective was not 

considered appropriate for a semantic differential procedure 

and was not investigated fully by Tennent. However, it is 

interesting that the Likert total for Objective VI(C) 

correlated most highly with the Semantic Differential Total 

VI (B) (i) s. 

. d th t the semantic differential concept of PHYSICS 
3rt is now appreciate a · bl M 2 • 1 adjectives of v(C)s 1.n Ta e •• was 
with respect to the bipo ~r d as "Physics I am taught" or "Physics of 
ambiguous. It could be viewe 
the Physicist". 

. VI(A) (i)s and VI(A) (ii)s was 0.53 in comparison. 
a.The correlation between 
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SUBJECTIVE ASSESSMENT OF STUDENTS BY TEACHERS 

N.l Letter to the headmaster 

N.2 Information for teachers on subjective assessment of fonner 
physics students 

N.3 Seventh form physics subjective assessment 

N.4 Seventh form physics teachers opinion survey 
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N.l Letter to the headmaster 

Dear 

A~ part of an intensive research project in physics 
e?ucation, I a~ studyin~ the proeress of all University of Waikato 
first year physics students through their first year of study. For 
example, I wish to relate the students' back8round and school 
achievement, their external examinations results, and their uni­
versity environr..ent and progress, to their final achievement in 
physics at the end of this year (1973). 

Naturally the information on examination results can be 
obtained directly from students, but this has been found unreliable 
wher·e it upplies to achievement a number of years prior to univer•­
sity matriculation. I would be most grateful if the S.C. ~arks of 
the students listed on the enclosed sheets could be supplied from 
your records. 

In addition to the above it would be most relevant to our 
work to obtain frora the students' 7 form physics teacher a subject­
ive assessment of each student's abilitv and achievement. I 
consider a teacher usually acquires, ov~r a year's teaching a 
reasonably GOOd assessment of his pupils with respect to a number 
.of academic and non-academic areas, and th~t this subjective asses­
sment, in addition to external examination performance, may well 
improve the prediction of university success. 

. The information the 7 form teacher could supply would be held 
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in strictest confidence, would not bE:! made known to other university 
staff or to the students, and individual schools or pupils would in 
no way be identified in any research papers resulting from this 
study. Information supplied by schools would not be studied until 
after the university results are known in December. 

I appreciate that this request will place an extra burden on 
your already busy physics teacher. However, I do feel that consi­
deration of the different aspects of physics education as outlined 
in the following sheets, may be in itself a worthwhile exercise 
and that the study itself is very relevant to the present educational 
climate. 

If you are unsure about any point, please contact me, or 
Professor P.S. Freyberg, Dean of Education, who is supervising 
this project. Thank you. 

Yours sincerely, 

R.J. Osborne 
Senior Lecturer in Physics 
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I The Assess~ent of Students 

~n ~n_inte~sive study of first yea~ ~h~sics at Waikato, 
an atter.pL is being made to study the abilities of students 
over a vari~ty of physics educational objectives. In addition 
~o !he tes~inG of student abilities at the beginning of 1973 /74. 
it 1~ cons1cered that a stucent's former 7 form teacher could 
provide cJ useful su'.)jective assessment of particular abilities. 
fhese co':1ld not only ee used to c!1eck on the validity of the 
tests which have been devised, but in addition could well be 
useful predictors of university success in themselves. 

• I would be most appreciative if the requested information 
could be supplied by the former 7 form physics teacher of each 
student listed. In each case a number of abilities, interests~ 
etc. are Gpecified and a seven point scale provided, e.g. 

Academic Ability HIGH:_:_:_:_:_: _ _ :LOW 

In assessing the scale a cross should be placed at the 
point where you consider the student would be located if a 
reliable and valid test for the scale was available. As far 
as possible compare the student vii th other New Zealand 7 form 
Bursary candidates assuming the following national distribution 

HIGH:5% :10%:20%:30%:20%:10%:.§!_:LOW 

II Classification of Interests ~nd Abilities 

Suitability for /\cadem:i_c work in general 

Academic ability a student's general intellectual ability 
\-nth regard to 7 form work in so far as it can be separated 
from his scholastic achievement, e.g. reasoning ability, 
ability to ask intelligent questions and provide thoughtful 
answers to questions. 

Academic Industry a student's academic industry in the 7 
form, e.g. effort put into homework, study habits, atti­
tude toward study, questioning of doubtful points, etc. 

Maturity/Stability this scale indicates a student's 
independence and stability of purpose. A student high on 
this scale would not be unduly influenced by other students 
or affected by change to a new environment, e.g. university. 
The scale is independent of academic ability or the level 
of purpose (e.g. low or high achievement aims). 

Knowledf,e and Ability in Physics 

Comprehension of the Conc~pts in 7 ~orm P~ysics an under-
' standing of the basic ideas or physics as presented by 

direct teaching, or from textbooks. A student low on 



this scale would ha".'e little useful knowledge of physics 
and probab~y a cons ide~able munber of misconceptions, e.g. 
under0tanding of centripetal force and acceleration, 
Gauss Law, Ampere's Lm-1, etc. 
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fl.bilitv to~applv uhy:,ics to 3i.mnle standard nroblems a student's 
ability to apply theory to problem situations, e.g. an 
ability to do homework problems and to solve applications 
prob~ems in tests and exams. (Although this ability is 
not independent of comprehension of physical ideas, some 
students show a particular facility for this aspect of 
physics despite sone r:iis conc0.ptions about physics while 
alternatively some students comprehend the ideas but have 
difficulty applying them.) 

Ability to cr:i. ticullv 2nalvse and cvaluc"te ideas in physics a 
student's ability to think criticall½ to realize the full 
implications of derivations, and to critically analyse 
apparently satisfactory state~ents in physics, e.g. a 
student's critical study of material presented to him, 
and the perceptive enquiry of points which are not clearly 
presented. 

Abili t¥ to carry out exoeriraenta} work a student's ability 
in the laboratory, e.g. ability to set up an experiment, 
interpret inst1·uctions in terms of equipment provided, 
practical ability, ~tc. 

Abili t~ to pl'ocess expc1.'imentaJ. data and draw conclusions 
includes the ana.!.ys:G of ~raphs, interpretation of results, 
and drawing conclusions from the results. A measure of 
this scale would be the \·:or•k in a student's laboratory 
notebook particularJ.y as it relates to detailed analysis 
of results and conclusions. 

Positive attitude t2__pJ:i.2_sics . a student's apparent satis­
faction with school physics, e.g. a teacher's subjective 
impression as to whether the pupil found physics enjoyable 
and satisfying. 

It is appreciated that it will be difficulty to make 
reliable judgements on some of the above scales, particularly 

.on a national basis, and in retrospect. However, it is the 
author's view that even teachers I subjective impressions of 
these different aspects of physics may, in spite of this, be 
useful indicators of further academic success. 

If you feel you can participate in this exercise, I 
thank you for your time and assistance. 

R. J. Osborne 
March 1974 
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N ") 
• .J Seventh form physics subjective assessment 

7 FORM PHYSICS SUBJECTIVE ASSESSMENT* 

School: • • • • • ......................... Name of Pupi" l • ..................... 
Teacher: ........................ . 

Sui tabili tv for University Work (as compared wi·th an average 
New Zealand 7 form pupil) 

Academic Ability 

Academic Industry 

Maturity/Stability 

HIGH:_:_:_:_:_:_:_:LOW 

HIGH: : : : : : : :LOW -- -- -- -- -- -- --
HIGH: : : : : : : LOW ____ __.__ _____ _ 

AbiJ.i ty in Physics ( as compared with an ave1'age New Zealand 7 
form pupil) 

(In completing the following please attempt to base your 
subjective assessment on internal school study and not 
be influenced by the student's Bursary of Scholarship 
results.) 

Comprehension of the 
concepts in Physics HIGH: _:_:_:_:_:LOW 

Ability to apply Physics 
to simple standard 
problems HIGH: __ : __ : __ : __ : __ : __ : __ :LOW 

Ability to critically 
analyse and evaluate 
ideas in Physics HIGH: __ : __ : __ : __ : __ : __ : __ :LOW 

Ability to carry out 
laboratory work in 
Physics HIGH: : : : : : : :LOW 

Ability to process experi­
mental data and make 

-- -- -- -- -- -- --

conclusions in PhysicsHIGH: __ : __ : __ : __ : __ : __ : __ :LOW 

Positive atti ttide toward 
Physics HIGH: : : : : : -- -- -- -- -- -- :LOW 

Relationship between Bursary mark and Physics ability 

Compared with other pupils' marks in the 1973 Bursary exam, 
do you consider the mark obtained by this student in the Bursary 
exam to be much higher or lower than you would have predicted. 
(NOTE: This is in comparison to other pupils and not to any 
absolute scale, i.e. ignoring the fact that all students may have 
achieved a higher mark than expected.) 

MUCH HIGHER: . . . . . . . . --------- __ :MUCH LOWER 

*see information sheet for details of categories and distribution 
assessment. 



N.4 Seventh form physics teacbers opinion survey 

7 Form Physics T2achcrs Opinio.1. Survey 

Optional and anonymous if you prefer {to be anonymous, 
please return under separate cover!) 

This sheet has been included to provide physics teachers 
with an opportunity to state their view of the importance in 
teaching of the P:,ysics objectives outlined in this study. 
Space is providP.d to qualify, if desired, any views, and to add 
other objectives which are considE!red i~nportant in physics 
teaching at this level, but which have not been included in this 
study. 

What importance to you consider should be given to the 
following Phisics objectives in teaching at (A) 7 form level 
{B) 1st year University level). 

Comprehension of basic concepts (A) 
(B) 

Problem Solving Ability (A) 

(B) 

Critical Evaluation of ideas (A) 
(B) 

~xperimental Procedure Skills (A) 
1B) 

Processing of Experimental Data (A) 
(B) 

Attitude toward Physics (A) 

(B) 
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