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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 literature).

(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
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 commitment 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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Table 6.1 Perceived emphases, in the teaching activities of the

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

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

¢———— 73.101 »le— 73.102 ————»
Evaluation . Laboratory

Lectures Sessions Tutorials Work
I (a) X X X X X
I (B) XX X X X
I (C) XX X X X X
II (A) X X X X X X
11 (B) X X X X X X
11 (C) X X X X X X
III (A) X X X
111 (B) X X X
III (C) XX X X
v (a) X X
IV (B) X X
Iv (C) X X
Iv (D) X X
IV (E) X X X
IV (F) X X X
vV (a) X X X X
v (B) b:4 X X X
Vv (C) X X X X X
VI (Aa) X XX XX
VI (B) X X X X
VI (C) X X X X
VII (a) X X X X X




Table 6.2 Possible variations in instructional models®

Time and
Achievement

Nature of Objectives

Basis for
Dif ferentiation

Nature of Curve

Amount of
Differentiation

Specificity of
Instructional
Objective

1. Time units fixed,
achievement varies
among students

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

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.

1. Normative
referenced level of
achievement

2, Criteria
referenced level of
achievement

1. Normal curve
assumed.

2. Normal curve
required.

3. Normal curve
neither assumed nor
required.

1. Maximum
including failure

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

1. Very specific
objectives with
behavioural referents

2. General objectives
with no preidentified
behavioural referents

3. Vague or no
instructional objective

* pndapted from Mueller (1973)

E€TC
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Table 7.1 Student percentage response concerning the textbook in
1970 and 1971.

Percentage Response
October October
1970 1971
|y = 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
How 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,

Percentage Response

June October
1970 1970

(N = 80) (N = 70)

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. 68 45
B. A poor idea because you learn best by

copying 12 7
C. A poor idea because you find you do not

concentrate in lectures 9 18

D. A poor idea because you do not find the
text particularly easy to follow 11 28

Table 7.2 (b) Student percentage response concerning lecture notes
1971 and 1972.

Percentage Response

October** October
1971 1972

(N = 80) (N = 85)

Do you consider the idea of writing
lecture notes

A. A poor idea because you cannot
concentrate on lectures while taking
notes. 18 8

B. A good idea because you learn best by

copying out notes 18 17
C. A good idea because you find it helps

you concentrate on lectures 44 21
D. A good idea because you do not find the

textbook particularly easy to follow 17 5
E.*A good idea as it gives an alternative

reference system - 48

* 1972 only

** 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 rcom 1970, 1971 and 1972.

Percentage Response
October | October | October
1970 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 learn the details of
formula 68 76 68
C. A doubtful privilege 29 23. 24

Table 7.4 Student percentage response concerning 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 10
D. Only in the third term 7 3 1l

(Note: In 1970 one tutorial a fortnight was held.
In 1971 - 1972 one tutorial a week was held.)

216
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Table 7.5 Changes in responses to an experiment from 1971 to 1972.

Assigned | Percentage Response
Scale 1971 1972
value (N = 80) | (N = 85)
(a) what time did you spend on the
experiment in post laboratory
study
A. 0 -1 hour 0 3
B. 1 - 3 hours 0 10
C. 3 - 6 hours 19 14
D. 6 =12 hours 25 38
E. >12 hounrs 56 20
(b) How interesting did you find the
experiment
A. Extremely interesting (5) 0 13
B. Very interesting (4) 28 29
C. Interesting (3) 33 25
D. Average (2) 16 29
E. Dull (1) 22 3
¥F. Boring (0) 0 0
Mean Scale Value 2.7 3.2
Change in mean®* +0.5
(c) Bow informative did you find the
experiment
A. Very informative (5) 20 10
B, Informative (4) 75 64
C. Iearnt little new (3) S 26
D. Iearnt nothing new {2) 0 0
E. Waste of time (1) 0 0
Mean Scale Value 4.1 3.8
Change in mean* -0.4

* For both (b) and (c) the change in mean value for an unaltered
experiment from 1971 to 1972 (Expt 5) was -0.2, and the above
changes are statistically significant p < 0.05.
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Table 7.6 Bipolar adjectives used to study attitudes towards

experiments (7 point scale)
Enjoyable Unenjoyable
Relevant Irrelevant
Complicated Straightforward
Clear instructions Vague instructions
Unsatisfying Satisfying
Important Unimportant

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
Varied

Adequate apparatus

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
Monotonous

Inadequate apparatus

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

ranking for analysis purposes.



Table 7.7 Principal components analyses of semantic differential scales in 1973 (N = 265) and in

1974 (N 240) with loadings 0.5 shown.
I Iv h?

1374 1973 1974 1974 1973 1974
Enjoyable 0.71 0.78
Pleasant 0.68 0.76
Nice 0.72 0.7u4
Exciting 0.71 0.80
Varied 0.71 0.55
Interesting 0.70 0.70
Satisfying 0.62 0.63
Informative 0.5 0.52 0.40
Relevant .8 0.65 0.66
Important 8 0.72 0.65
Valuable . 0.60 0.64
Useful 0.8 0.64 0.68
Adequate Theory 0.5 0.49 0.30
Straightforward . 0.8 0.57 0.60
Lab work easy 0 0.61  0.60
Clear Instructions 0.42 0.41
Straightfwd Theory 0.56 0.58
Write up easy . . 0.53 0.55
Few Calculations 8 0.58 0.61
fon Mathematical .8 0.66 0.73
Technological .5 0.44 0.29
Short 0.5 0.38 0.38
Precice 0.31 0.28
Familiar 0.5 0.5 0.30 0.30
Adequate 0.24 0.30
Open -0.6 | o.un 0.1u

Enjoyment

Value

Laboratory
Difficulty

Analysis
Complexity

Low
Communality
Bipolar
Adjectives

Y44



Unenjoyable
Unpleasant

#tAwful

#%Dull

*#%#Monotonous
Uninteresting
*Unsatisfying

Uninformative
Irrelevant
Unimportant
Worthless

Useless

Inadequate theory
Complicated
*%¥Lab work difficult
Vague instructions
*Complex theory
*Difficult to write up
*%*Many calculations
*%*Mathematical
*%*ITheoretical
Long
Approximate results
Unfamiliar theory
Inadequéte apparatus

Closed experiment
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o Enjoyable

Pleasant

Nice

ﬁxciting

Varied
‘Interesting
Satisfying
Informative
Relevant
Important
Valuable

Useful

Adequate theory
Straightforward
Leb work easy
Clear instructions
Straightfwd theory
VWirite up easy
Few calculations
Non mathematical
Technological
Short

Precise results
Familiar theory

Adequate theory

J

* Significant at the 0.05 level
** significant at the 0.01 level
*** significant at the 0.001 level

}

6Open-ended experiment

(analysed between
experiment 1 & 2 only)

Fig 7.7 Experiment 1, 2 and 4 mean score profiles in 1973 (N = 53)
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Unenjo&able
Unpleasant
Awful
‘Dull
Monotonous
Uninteresting
Unsatisfying
Uninformative
Irrelevant
Unimportant
Worthless

Useless

Inadequate theory
Complicated

Lab work difficult
Vague instructions
Complex theory
Difficult to write up
Many calculations
Mathematical
Theoretical

Long

Approximate results
Unfamiliar theory

Inadequéte apparatus

Closed experiment é——l———l—obz;

Fig 7.8 Experiment 2 profile in 1973 (N

? Enjoyable
Pleasant

Nice ‘
ﬁxciting

"Varied
Interesting
Satisfying
Informative
Relevant
Important
Valuable

Useful

Adequate theory
Straightforward
"Lab work easy
Clear instructions
Straightfwd theory
Write up easy
Few calculations
Non mathematical
Techﬁological'
Short

Precise results
Familiar theory

Adequate theory

1

6

53) and in 1974 (N = 80)

Open-ended experiment
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? Enjoyable

L 1 l./ 1 1 2

Pleasant

Nice

Exciting

Varied
Interesting
Satisfying
Informative
Relevant
Important
Valuable

Useful

Adequate theory
Straightforward
Lab work easy
Clear instructions
Straightfwd theory
Write up easy
Few calculations
Non mathematical
'technological
Short

Precise results
Familiar theory

Adequate theory

2 3 4 5

Jé Open-ended experiment

Fig 7.9 Experiment 1 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 20.5 shown.

Objective/ Factor I Factor II| Factor III Factor 1V 100h?
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

Vvi(c) [ 11§ (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) 0.5 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 locadings 30.5 shown.

Objective/ Factor I Factor II Factor III Factor IV

Question| A B C A B C A B C A B C

v(C) 3 0.6 0.5| 0.6
8 0.5 0.5

13

18 0.5{0.5 0.5

22

26 0.6

30 0.6

33 0.5

[35] 0.5/-0.5

o (=N~}
)
(-2} LN RN
o
.
~3

via) [ 2]
5

7
11
16
19
24
27
31

CO0O0CO0OO0CO0O0OO
e 6 o 0 6 o 0
ONNNIYINONY
[eYeN-NoNoNoNoNa)
R
OUVANINI®D

VI(B) 4
9

12

15

20

23

28

34

[(36]

[=X-NoN-N-N-N-NN-)
« o o 0 0 s o 4
(S, X- N RN Y- W, RN N N
o CO0OO0OOO0O0O

o o & o 0 8 0
© Ny oonug o
[~XeNoNoNaNoNoNal-]
S 6 o s e o 8 e o
COOARNOIIY

vic) [ é] 0
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o

.
wn

14
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Table 8.3 Principal components analyses of objective scores - output 1973 (N = 92) and 1974 (N = 74)

with factor loadings 30.5 shown.

A Factor Percentage
. . Question i Percentage 2
Objective| ™ pype I II 1II v Mean g:z‘i‘gggn 1oon

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
I1I(B) M.C. 0.6 0.7 50 49 26 24 48 59
III(C) M.C. 0.71(0.3) 0.5 51 54 24 20 53 34
I(a) M.C. 0.5 0.7 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. 0.5 0.5 0.5 57 59 28 30 52 55
VI(A) Likert 0.7 0.7 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) Likert 0.7 0.6 75 81 9 8 62 50
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

TE€C



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

factor loadings 30.5 shown.

Percentage
Question Factor Percentage | Standard 100h?
Objective |™“pype I II II1 v Mean Deviation
1973 (1974 {1973 | 1974 | 1973 |1974 }1973 (1974 ||1973 | 1974 | 1973 | 1974 | 1973
1(B)/ (C) M.C. 0.6 0.5 41 41 25 217 61
1(B) M.C. 0.5 0.8 45 54 28 25 44
1(c) M.C. (0.4)](0.2) 0.5 k}:} 54 23 28 56
111 (A) M.C. (0.3)] 0.5 0.5 35 41 25 30 46
111 (B) M.C. (0.4)] 0.6 217 32 25 27 33
I11(C) M.C. 0.5 |(0.2) 0.7 43 50 25 27 39
IV(E)* M.C. 0.5 0.7 37 54 28 31 36
V(A/B) * M.C. 0.6 0.6 49 58 25 18 50
VI(A)®* | Likert (0.4) | 0.6 73 73 13 13 47
II(A) M.C. 0.5 0.7 (0.2) 48 50 30 28 45
II(B) M.C. 0.6 0.6 35 33 27 25 47
II(C)* M.C. 0.5 0.6 28 33 25 26 27
Iv(a) (i) S.Q. 0.7 0.7 35 45 25 21 54
IV(A) (ii) S.Q. 0.7 0.8 49 48 31 23 68
IV(B) S.Q. 0.7 0.6 39 51 29 29 67
IV(C) \ M.C. 0.6 (0.0)] 0.6 33 41 23 25 36
IV(F) s.Q. 0.8 0.6 45 50 32 29 71
v(C) Likert 0.7 0.6 79 81 8 8 51
VI (B) Likert 0.9 0.8 72 74 12 11 82
VI(C) Likert 0.9 0.8 70 72 11 10 75

* Loading on a different factor from output tests

zec
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Table 8.5 Principal components analysis of objective scores

= 7 form output tests - October 1974 (N = 213) with
factor loadings 20.5 shown.

Objective ng;;ion . F;;torIII Perﬁ:::age Egggégggze 100h2
I(B/C) M.C. 0.6 46 24 37
I(B) M.C. 0.5 49 28 41
I(C) M.C. 0.5 52 28 34

I11(A) M.C. 0.5 31 26 35

I11(B) M.C. 0.5 32 26 37

III(C) M.C. 0.5 49 25 25
IV(E) M.C. 0.6 54 34 42
v(A/B) M.C. 0.5 52 22 25
VI(A) Likert |(0.3) 0.5 68 15 32
II(A) M.C. 0.6 48 28 41
II(B) M.C. 0.7 39 26 43
II(C) M.C. 0.6 33 25 33
Iv(a) (1) S.Q. 0.8 51 20 70
Iv(a) (ii) S.Q. 0.8 52 22 70
IV(B) S.Q. 0.7 42 28 59
IvV(C) M.C. 0.4) 38 26 16
IV(F) -8.Q. 0.6 45 32 44
v(C) Likert 0.7 77 9 44
VI (B) Likert 0.9 65 15 73
VI(C) Likert 0.9 64 13 71
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Table 9.1 Means of Attitude Scores in 1973 N=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
YC 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
VIA Subtotal 29.75 | 28.35 -1.40 29.33 1 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*
VI8 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*
VIC Subtotal 28.15 | 26.55 -1.60 29.11 | 26.73 -2.38%*

* Significant difference (p < 0.01)
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Table 9.2 Explicit attitude change to physics as a subject*

Percentage Responses
1972 (N = 81) { 1973 (N = 91) | 1974 (N = 78)
Much more positive 3 8 S
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 Octcber 1974 sample in schools.

Attitude Mean Scores
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 30.8
VI (A) 29.3 28.0 27.1
VI(B) 30.1 27.1 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(a) 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 (W = 78).
Percentage of Attitude Mean Scores
Students in
Each Group v(C) VI (A) VI (B) VI (C)

1973 | 1974 197311974 ||1973 {1974 |{|1973|1974 ||1973!1974
More Physicg 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 ||28.1 |27.6 ||26.2|26.1
No More 2|24.5
Physics 39 33 30.0(31.5(({26.3|25.8 ||24.0 |23.8 | |25.




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

A.
(1)

(i1)

(iid)

(iv)

(v)

(vi)

experimentally from statistical analyses of

output results (Table 8.3)

Understandings of Theoretical Physics Number

238

Subjective Course in which
Objective Assessment Objective

Category

Emphasized

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

Obtain an understanding of the facts, princ-
iples and theories of physics (as specified
in the courses). 1(C)

Develop an appreciation of some of the major

themes and unifying concepts of physics

(including the relationship between funda-

mental and derived laws). III(C)

Develop a critical attitude towards, and an

ability to analyze, idealizations, approx-

imations and assumptions in physical theories. IIXI(B)
Develop the ability to critically analyze

problem situations and evaluate information. IXII(A)
Develop the ability to apply theory to

relatively unfamiliar problem situations. II(C)

Pl

Pl

P3

P3

P3

101/102

101/102

101

102
101

101

B.
(1)

(11)
aip
(iv)

(v)

(vi)

Skills of Applied Physics

.Develop the ability to extract information

(from scientific literature). I(aA)

Develop the ability to manipulate and use the .
mathematical language of physics. VII(A)

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

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

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

Develop the attitude that mathematics is a

useful, convenient and precise language, and

that the use of mathematics in physics is a

satisfying activity. VI(A)

P2

P2

P2

101/102

101
101
101

102

101/102

C.
(1)
(ii)
Giid)

(iv)

(v)

(vi)

Skills of Experimental Physics

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

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

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

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

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

Develop an awareness of the function and

limitation of physical laws, and the relation- vV (aA/B)
ship between experimental observation and

theory. : )

P4

P4

P4

P5

P5

102
102

102

102
102

101/102

(1)

(ii)

Gid)

Appreciation of Physics

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

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

Develop a commitment to actively searching

for an understanding of physical phenomena

and for theories by which they may be

explained. VI (C)

P6

P6

P6

101/102

102

102

* Refer section 5.4



Table 10.1

(i)
(ii)
(iii)
(iv)

(v)

Correlations of Bursary Physics total mark with output

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

1974 (N = 74).

Bursary Physics Total

1973 1974
Final theoretical paper 0.78 0.77
Final total theoretical course mark 0.83 0.80
Final experimental paper 0.78 0.80
Final total experimental course mark 0.77 0.78
University Grand Physics Total* 0.82 0.82

* (v) = (idi) + (iv)
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Table

10.2 Input variables.

Variable

Background abilities

1.
2.
3.
4.
5.
6.

Spatial aptitude

Abstract reasoning aptitude
Mathematical ability

Literary ability

Prior physics achievement
Prior mathematical achievement

Background factors

1.

Academic industry
Stability

Aim 73.101

Aim 73.102

Parent education
Sex

Physics input attainment

1.
2.
3.
4.
5.
6.

Input theoretical factor
Input applied factor

Input experimental factor
Input attitudinal factor
Bursary free format total
Bursary multiple choice total

240

Measure Symbol
Spatial relations test
Abstract reasoning test }APT
School certificate mathematics SCMATH
School certificate english - SCENG
Bursary physics total BPHS
Bursary mathematics total BMAT

Teacher's assessment
MOTIV
Teacher's assessment

Questionnaire (Appendix K) INAIM

Syt gt

Questionnaire (Appendix K)
Questionnaire (Appendix K) PARENT

Female 1/Male 0

Input test subtotal
Input test subtotal
Input test subtotal
Input test subtotal
Examination subtotal
Examination subtotal

Physics content achievement (objectives I - III)

1.
2.
3.
4.
5.
6.

Input test mechanics score
Input test fields total
Input test waves total
Bursary mechanics total
Bursary fields total
Bursary waves total

Input test subtotal
Input test subtotal
Input test subtotal
Examination subtotal
Examination subtotal
Examination subtotal

SEX

INPUT THEORETICAL
INPUT APPLIED
INPUT EXPERIMENTAL
INPUT ATTITUDINAL
BURSARY FREE FORMAT
BURSARY M.C.

INPUT MECHANICS
INPUT FIELDS
INPUT WAVES
BURSARY MECHANICS
BURSARY FIELDS
BURSARY WAVES



Zg

Pe1
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Fig 10.1 Hypothetical example where 2y is dependent on 2,
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to 2,

Table 10.3 Comparison of beta weights and regression factor structure
coefficients.

Normalized
Beta Weights
1973 1974
Variable (N=92) | (N=74)
1] 0.26* 0.09
2} 0.08 0.16
3] 0.23 0.03
41-0.02 0.05
5]-0.03 -0.08
6] 0.36%* 0.50*
7] 0.11 0.15%*
Multiple R| 0.74 0.73

*

k&

Regression
Factor Structure
Coefficients
1973 1974
Variable (N=92) |(N=74)
1] 0.73**| 0.70%*
21 0.27 0.53*=*
3] 0.63**| 0,50**
41-0.04 -0.01
51 0.05 -0.20
6] 0.88*%*| 0,90*%*
71 0.47*%*%| 0.44**
Pultiple R| 0.74 0.73

Significant Beta weights in the regression

Significant simple correlations between variable and

criterion
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Table 11.1

244

Estimates of the coefficients of reliability for input

and output totals using the Spearman-Brown formula.

INPUT:

THEORETICAL
APPLIED

E XPERIMENTAL
ATTITUDINAL

OUTPUT:

T HEORETICAL
APPLIED

E XPERIMENTAL
ATTITUDINAL

0.77
0.70
0.84
0.85

0.75
0.80
0.81
0.86
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0.49
INPUT >— OUTPUT
THEORETICAL THEORETICAL
0.28
0.51
.52
0.19
0.49 INPUT . OUTPUT
. APPLIED APPLIED
0.51
0.38
0.74
0.21 oot
UTPUT
INPUT —>
0.20EXPERIMENTAL‘ - XPERIMENTAI 0. 76
0.28
.77
INPUT 0.67 OUTPUT
ATTITUDINAL P ATTITUDINAL R
a
.74% R
c L/‘
R
QA Moz 0-32
0.25
0.21‘L__//ﬂ
0.32
0 L] 25

Fig 11.1 Model 1



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 OouTpPUT 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 Oill
OUTPUT
EXPERIMENTAL 0.61 0.39 0.46 0.12 0.58 0.58 1.00 oséé
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 1 (N = 165)

Regression Factor Structure Coefficients Multiple
INPUT INPUT INPUT INPUT R
THEORETICAL APPLIED E XPERIMENTAL | ATTITUDINAL
OUTPUT
THEORETICAL 0.93 0.78 0.59 0.35 0.68
ouTPUT
APPLIED 0.95 0.71 0.42 0.31 0.65
OUTPUT
EXPERIMENTAL 0.95 0.61 0.72 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

9ve



OUTPUT
ITHEORETICAL
0.65
BURSARY 0.31 OouTPUT
PHYSICS — APPLIED
0.49
0.70
BURSARY j
OUTPUT
MATHEMATICS XPFERIMENTAL
~
~ 0.24
N
A
~ OUTPUT
ATTITUDINAL
R
a
(o] ‘_}
R v }"0.35

dk} 0.25

0.11\0_/
—
0.15

Fig 11.2 Model 2

*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 assuming uncorrelated residuals.

BURSARY BURSARY ouTPUT ouTPUT OUTPUT OuUTPUT
PHYSICS| MATHEMATICS| THEORETICAL| APPLIED|EXPERIMENTAL|ATTITUDINAL
BURSARY
PHYSICS 1.00 0.72 0.65 0.66 0.70 0.24
BURSARY
MATHEMATICS 0.72 1.00 0.47 0.71 0.50 0.17
OUTPUT
THEORETICAL 0.65 0.47 1.00 0.43 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
ouTpPUT
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 URSARY BURSARY R
P HYSICS MATHEMATICS
OouTPUT
THEORETICAL 0.99 0.72 0.65
OuTPUT
APPLIED 0.89 0.96 0.74
OUTPUT
EXPERIMENTAL 0.99 0.79 0.70
OUTPUT
ATTITUDINAL 0.92 0.42 0.26
PHYSICS
GRAND TOTAL 0.98 0.86 0.84




INPUT 0.26 OUTPUT
MECHANICS MECHANICS
0.2
0.18
0.41
0.24
0.51 INPUT 0,22 OUTPUT
FIELDS FIELDS
0.33
0.49
/ 0.11%
\ 0.25
;g";gg > OUTPUT
0.35 WAVES

Fig 11.3

Model 3.

0.85

249




250

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 OouTPUT ouTPUT OUTPUT,

MECHANICS FIELDS WAVES MECHANICS FIELDS WAVES
INPUT
MECHANICS 1.00 0.41 0.51 0.44 0.50 0.38
INPUT
FIELDS 0.41 1.00 0.49 0.42 0.48 0.46
INPUT
WAVES 0.51 0.49 1.00 0.42 0.56 0.52
OUTPUT
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 0.79 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




0.32
BURSARY > OUTPUT
} MECHANICS MECHANICS
0.2
0.11%
0.61
0.26
0.54 BURSARY 0.22 OUTPUT
. FIELDS FIELDS
0.24
0.58
0.21
0.34
BURSARY OUTPUT
WAVES ¥ T WAVES

Fig 11.4 Model 4.

0.85
0.77
.82
Ry
R
0.28
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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
assuming uncorrelated residuals.

BURSARY BURSARY | BURSARY OuTPUT OUTPUT | OUTPUT
MECHANICS FIELDS WAVES MECHANICS FIELDS WAVES
BURSARY
MECHANICS 1.00 0.61 0.54 0.51 0.53 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
OuTPUY
MECHANICS 0.51 0.47 0.41 1.00 0.34 0.32
——— E————
ouTPUT
FIELDS 0.53 0.52 0.51 0.53 1.00 0.36
OuUTPUY
WAVLES 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
MECHANICS 0.92 0.85 0.75 0.55
OUTPUT
FIELDS 0.87 0.85 0.83 0.61
OUTPUT
WAVES 0.83 0.93 0.76 0.58
PHYSICS
GRAND TOTAL 0.87 0.85 0.80 0.82
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LONG
UESTIONS
0.49 2
0.25
BURSARY
FREE FORMAT 0.65
SHORT
0.72 QUESTIONS
0.04* 0,72
BURSARY
M.C.
.53
0.7
0.20 MULTIPLE
CHOICE
0.73
\ =
Rb a

Fig 11.5 Model 5 (*path coefficients not significant at 5% level)



Table 11.10 Model 5 Correlation matrix: correlation coefficients
from observed data below diagonal, correlation
coefficients corresponding to Model 5 above diagonal
assuming uncorrelated residuals.

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

BURSARY

FREE FORMAT 1.00 0.72 0.67 0.68 0.67

BURSARY

M.C. 0.72 1.00 0.60 0.51 0.58

OUTPUT

LONG 0.67 0.60 1.00 0,46 0,48

OuUTPUT

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 Ccefficients Multiple
BURSARY BURSARY R
FREE 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

255

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. MATHS
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
0.80

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.]
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PARENT
BURSARY
s.cC. ~
MATHS pATms
APTITUDE
MOT IVATIO
s.C.
ENGLISH
BURSARY
PHYSICS
SEX

Fig 12.1(a) Path diagram for background variables

PARENT R
e
R
a
0.76
10.93
-0 0.48 BURSARY
.02 s o e MATHS
MATHS
0.3 R, 0.35
.30 ‘ 0.96
APTITUDE
MOT IVATION
0.20 0.14 0-4
s.C.
ENGLISH 0.39
T-o.ss
0.19 BURSARY
Ry PHYSICS
0.67
SEX
R
Non-zero correlation between residuals
Tpa = 0.35 rpe = 0.14
The = 0.33 rbd = 0.39
Tge = 0.49

Fig 12.1(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)
. s.c. s.C. BURSARY | BURSARY
APTITUDE | PARENT SEX ENGLISH MATIIS MOTIV PHYSICS MATHS
APTITUDE 1.00 -0.02 0.02 0.20 0.34 0,10 0,34 0,29
PARENT -0.02 1.00 -0.03 0.00 -0.01 0.00 0.00 0,00
SEX +0.02 -0.03 1.00 0.19 0.01 0.00 0,00 0.00
— ———
S.C. ENGLISH 0.20 -0.02 0.19 1.00 0.07 0.02 0.07 .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
BURSARY PHYSICS | 0.33 0.00 -0.04 0.32 0.63 0.54 1.00 0.47
- - —— -1
BURSARY MATHS 0.23 -0.01 0.10 0.28 0.58 0.49 0.72 1.00

LSZ
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ouTpPUT

THEORETICAL
0.61 0.28

0.58 OUTPUT ‘ 0.36 PHYSICS
. APPLIED G.T.

0.58 0.48

OUTPUT
\| EXPERIMENTAL 0.28

Fig 12.2 Model 7 (N = 165)

Table 12.3 Model 7 Correlation matrix: correlation coefficients
from observed data below diagonal, correlation
coefficients corresponding to Model 7 above diagonal.

(N = 165).
ouTtpuT OUTPUT OUTPUT . PHYSICS

THEORETICAL APPLIED |EXPERIMENTAL GRAND TOTAL
OUTPUT
THEORETICAL 1.00 1.61 0.58 0.78
ouTPUT
APPLIED 0.61 1.00 0.58 0.81
OuUTPUT
EXPERIMENTAL 0.58 0.58 1.00 0.85
PHYSICS
‘GRAND TOTAL 0.78 0.81 0.85 1.00

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

Regression Factor .
Structure Coefficients Multiple

THEORETICAL APPLIED EXPERIMENTAL R

PHYSICS
GRAND  TOTAL{ 0.80 0.85 0.89 0.96




INSTRUCTIONAL
SYSTEM

BURSARY BURSARY
SEX MATHS MATHS
S.C. MATHS MOTIVATION
URSARY
»— BURSARY guys 1Cs
APTITUDE PHYSICS
MODEL 6

Fig 12.3 Combining models 6,2 and 7 - only important variables and significant paths shown.

PHYSICS
GRAND
TOTAL

OUTPUT OUTPUT
THEORETICAL 'THEORETICAL

OUTPUT OUTPUT

APPLIED APPLIED

OUTPUT OUTPUT
XPERIMENTAL XPERIMENTAL

OUTPUT OUTPUT
ATTITUDINAL TTITUDINAL

MODEL 7

648¢C
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Rg
l0.63
BURSARY 0.57 OUTPUT
MATHEMATICS B> APPLIED
0.23
SEX 0.20
R
R, l'e
lo.ss 0.76
0.14 OUTPUT
MOTIVATION INDUSTRY THEORETICAL
0.6
Ss.C. MATHS
\ 0.35
Re
\ Lo.ss
. OUTPUT
APTITUDE pro14 EXPERIMENTAL
\ .52
BURSARY
PHYSICS
-0.25
0.46
\ OUTPUT
INATT
0.67 ATTITUDINAL
t 0.93 - To 74
Ry R
g
= 0.25 e = 0.46
= 0.30 Tag = 0-21
= 0.23 Tog = 0.21
= 0.30
Fig 12.4 Model 8 (Broken lines denote significant, but negative

path coefficients) (N =

159).




Table 12.5 Model 8 Correlation matrix; correlation coefficients from observed data below diagonal,

correlation coefficients corresponding to Model 8 above diagonal assuming uncorrelated

residuals. (N = 159)

BURSARY] sEx ImorIv S.C. app. [BURSARY} ... | INPUT 1np |OUTPUT |OUTPUT| OUTPUT OUT;';

MATHS i MATHS | pPHYS. ATT APP. TH. | EXP. | ATT.
BURSARY MATHS 1.00f 0.100.49}| 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]|-0.03 | 0.04 0.00 -0.02 -0.02 [-0.02
MOTIV 0.49 0.09}1.00 0.30 | 0.08 0.54 0.201 0.17 ] 0.47 0.43 0.39 0.45 [ 0.11
S.C. MATHS 0.58 0.04} 0.30 1.00 [ 0.34 0.63 0.41] 0.04 ] 0.16 0,46 0,41 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 0,0
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
AIM 0.28 | -0.29 | 0.24 0.41 }0.18 0.46 1.001 0.16 1 0.19 0,431 0,31 0,34 0.
INPUT ATT. 0.18 {-0.10 ] 0.15 0.04 {0.05 0.30 0.28) 1.00}0.09 0,19 0,20 0.19 | 0,67
IND. 0.38 0.12 ] 0.47 0.27 [0.00 0.38 0.23}0.01|1.00 0.37 90.30 0.50 0.01
OUTPUT APP, 0.71 | -0.02 | 0.52 0.53 | 0.28 0.66 0.44| 0.20 | 0.47 1.00 0.39 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 0.00}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]10.67 | 0.12 0.23] 0.26 0.27 1.00

19¢



Table 13.1 Changes in student aims and factors affecting these

changes in 1972 (N = 81).

Contributing Reason*
&
g PEE
Lty ) N ]
ﬁm Lo} 0w 3| nx

“won ol | 3 Hel Yy
°2 » Sl o5 82|83
3 ] PDE| =P 3] 3] E
0 ) n o e Ul ® o
S0 Ls] QH| | <@ mdlmT
o 3 [ 3] 0 e I
D 2 0| oA|l~a|l~H0O
o nolnon| P | cof do| O
O~ NoOojoe O A D>y S o8
v'® Wdl-dd| & | gl Bolag
i HWPlws| ol g o] © 0
08 SEIE0| q|Solkalk™
ok HO|md| 8|63 56| 8w
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 - =1 -1 - ol

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).

% | Percentage
-+ 1 of Students
3‘ Within Each
9| Group with
- Particular
s | Aim Change
E3 ]
&
('Y} =] gE E
ol A | ®Aa| A
< o | <
] -
ol o |wgl| o
glelarl s
gl © gm Lt
ol o |lHo]| 0
o] M |w ﬁ ol
ai o 3]
o| o 05 o
[ I= - -
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 13.1(a)

Learning

Feedback model of student attainment

Test
Results

Aim

Fig 13.1(c)

Ry R
d
¥ i
Past Test Test
Performance (ty) > (tsy)
Aim Aim Aim
(to) (t2) (ts)
R R
R, c e
Fig 13.1(b) Respecified for path analysis
Ry i‘d
Bursary > Tests b
Physics Result Exam
Input - Aim prior
Aim  to exam
Ra Rc

Simplified model with data available for testing
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Ry Rg
0.57 lo.s4
0.76 0.78
BPHS TESTS = PAP 1
0.47 0.10* 0-35 0.09
AIM —- OUAIM
0.35 .
To.ee } 0.63
Ra RC

Fig 13.2(a) Model 9(a) Theoretical Course (* path coefficients not
significant at 5% level).

R, iﬁ
0. 66 l0.69 0. 81 0.45
BPHS b TESTS b PAP 2
0.64
0.10
0.45 0.10%
AIM Po— OUAIM
fu.so 0.29 To.ss
Ra. RC

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

Table 13.3 Model 9 Correlation matrix:

*not significant
at 5% level

Correlation values from

observed data below diagonals, correlation values
corresponding to Model 9 above diagonals (assuming

uncorrelated residuals) (N = 165).
BPHS | ATM |TESTS |OURIM|PAP 1 BPHS | AIM |(TESTS |OUAIM|PAP 2
BPHS [1.00 | 0.47]| 0.81] 0.627 0.69} [BPHS [1.00| 0.45] 0.71} 0.58] 0.63
AIM 10.47 | 1.00| 0.46| 0.60| 0.41} |AIM 0.45| 1.00( 0.40) 0.55| 0.38
TESTS|0.81 | 0.46 | 1,00} 0.70| 0.84| |TESTS 0.71  0.40| 1.00| 0.76| 0.89
OUAIM|0.65 [ 0.60| 0.70| 1.00| 0.66| [OoUAIM|0.65 | 0.55| 0.76}| 1.00] 0.72
PAP 1/0.78 {0.40| 0.80| 0.66| 1.00| |PAP 2|0.79 | 0.41{ 0.89| 0.72| 1.00

Theoretical Course

Experimental Course



Ra
10.51
0.30
BPHS — PAP 1
0.76 TESTS 0.8
0.47
0.10%* 0.55 0.05*
AIM >— ouam |
¢.35
Fig 13.3(a) Model 10(a) Theoretical Course R
d
v 0.39
0.31
BPHS P PAP 2
’ 0.65
0.66 TESTS
0.45 0.64 0.02%*
0.10*
AIM OUAIM
. 0.29

Fig 13.3(b) Model 10 (b)

Experimental Course

Table 13.4 Mcdel 10 Correlation matrix; correlation values from
observed data below diagonals, correlation values-
corresponding to Model above diagonals (assuming
uncorrelated residuals).

BPHS| AIM|TEST|OUAIM|PAP 1 BPHS | AIM|TEST|OUAIM|PAP 2

BPHS [1.00[0.47|0.81 0.62)| 0.80| [BPHS |1.00)0.45/0.71| 0.58| 0.78

AIM |[0.47|1.00|0.46| 0.60| 0.41| |AIM |0.45|1.00{0.40| 0.55| 0.38

TEST {0.81|0.46/1.00f 0.70| 0.84| |TEST |(0.71/0.40(1.00} 0.76 | 0.89

OUAIM|0.66|0.60(0.70| 1.00| 0.66| |[OUAIM|0.650.55|0.76| 1.00| 0.72

PAP 1/0.78|0.40/|0.84| 0.66] 1.00| [PAP 2|0.79{0.41|0.89| 0.72] 1.00

Theoretical Course

Experimental Course
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Table 13.5 Principal components analyses of teacher's subjective

assessments of first year physics students in 1973

(N = 101) and in 1974 (N =

266

87) with factor loadings 30.5.

each factor.

Factor

. . . - Mean Standard 2

Objective/Criteria - 0-6 Scale|Deviation 100h
1973 (1974 (11973(1974|/1973|1974//1973/1974({1973]1974

Academic Ability

(U1) 0.8 0.9 3.8 3.9 1.1| 1.2l 68 82
Academic Industry

(U2) 0.8] 0.9 4.0{ 4.0 1.2 1.4} 72 82
Maturity/Stability

(U3) 0.9 0.8Y| 4.2f 4.2} 1.2| 1.2| 78 66
Comprehension of

Physics (Pl) 0.81 0.9 3.6 3.94% 1l.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 3.64 1.2 1.3|f 84 81
Conduct experimen-

tal work (P4) 0.6 0.5)0.5| 0.6} 3.7{ 3.9{ 1.1| 1.2{f 61 64
Process experimen-

tal data (P5) 0.710.7| 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{ 3.9y 1.2{ 1.4 71 85
Rotated % variance
accounted for by 46 45 30 34

* see Appendix N



Table 13.6 Principal components analyses of lecturer's subjective

assessments of first year physics students in 1973

(N = 101) and 1974 (N

= 87) with factor loadings 20.5.

Factor

Mean Standard 100h2
Objective/Criteria¥ I 0-6 Scale|Deviation
1973|1974{]1973(1974(]197311974|]1973 1974(}1973(1974
Academic Ability
(Ul1) 0.91 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 (P1l) 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 1.7I 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
(P5) 0.9 0.9|| 3.3| 3.4) 1.5 1.7}l 88 | 91
Attitude to\physics H
(p6) 0.81 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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TEACHER

EFFECTIVENESS !
|
I
|
|

X
1
STUDENTS .

’ LEARNER
GENERAL |t | os S SS—
ACADEMIC y = RESPONSES
ABILITY

[
STUDENT'S _
MOTIVATION G- — -

Fig 13.4 A simplified version of Fig 4.1 which relates to a
teacher's (lecturer's) perception of student attainment.



“"ABILITY"
FACTOR

"MOTIVATION"
FACTOR

Fig 13.5 Model 11

Table 13.7 Model 11 Correlation matrix:

OUTPUT

THEORETICAL
0.5
0.18
0.48
OUTPUT
b —~| APPLIED
.37
0.84
.47
OUTPUT 0.79 .
0.28 | EXPERIMENTAL
0.27 0.84
OUTPUT
ATTITUDINAL
.96 €
R 7
= d

Teachers' subjective assessments. (N

165)

correlation coefficients from observed
data below diagonal, correlation coefficients corresponding to Model 11
above diagonals assuming uncorrelated residuals.
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*ABILITY’

"MOTIVATION'

OUTPUT OuUTPUT ouTPUT ouTPUT
FACTOR FACTOR THEORETICAL | APPLIED |EXPERIMENTAL | 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
OuUTPUT
APPLIED 0.50 0.39 0.61 1.00 0.34 0,13
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

Table 13.8 Regression factor structure coefficients associated with Model 11 (N

* Orthogonal factors were estimated on total sample including dropouts.

165)

Regression Factor

Structure Coefficients Multiple

“ ABILITY' "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
ourpUT
ATTITUDINAL 0.97 0.41 0.29
PHYSICS GRAND
TOTAL 0.85 0.54 0.67
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Lecturers

07

06 - T T

~
~

~
Teachers ~wo. _ -0

~ -
S -

05 Cm---0

Correlation of subjective scores with papers total

L | l | ] |
Pl P2 P3 P4 P5 PG

Assessed objective

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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OUTPUT
THEORETICAL
BURSARY
PHYSICS
OUTPUT .74
0.61 APPLIED
ABILITY
0.47  ¥acTor R
.72 a
OUTPUT
0.05 EXPERIMENTAL R
MOTIVATION 0.72
FACTOR
R
OUTPUT c
ATTITUDINAL 0.96
Raq

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

Table 13.9 Regression factor structure coefficients associated
with Model 12 (N = 159).

Reagression Factor
Structure coefficients MULTIPLE

BURSARY ABILITY MOTIVATION R

PHYSICS FACTOR FACTOR
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 GRAND
TOTAL 0.99 0.46 0.45 0.81




INPUT
THEORETICAL

INPUT
APPLIED

COMPLETE

INPUT
EXPERIMENTAL

INPUT
ATTITUDINAL

Fig 13.8(a) Model 1(a)

BURSARY
PHYSICS

BURSARY
MATHS

Fig 13.8(b)

"ABILITY"
FACTOK
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Teachers’ subjective factors

INPUT | INPUT | INPUT | INPUT
TH. | apP.| Exp.| arr,|COMPLETE
INPUT
THEORETICAL 1.00{ 0.51| 0.50| 0.24] o0.15
INPUT
APPLIED 0.51} 1.00{ 0.40| 0.21| 0.10
INPUT
EXPERIMENTAL | 0.50| 0.40| 1.00| 0.28| o0.12
INPUT
ATTITUDINAL 0.24| 0.21| 0.28] 1.00| 0.19
COMPLETE 0.15| 0.10| 0.12] 0.19| 1.00
(*Path coefficients not significant at 5% level) (N = 188)
BURSARY BURSARY .
PHYSICS MATHS COMPLETE
|BURSARY
PHYSICS 1.00 0.70 0.26
BURSARY
MATHS 0.70 1.00 0.14
COMPLETE 0.26 0.14 1.00
"ABILITY" [MOTIVATION"|COMPLETE
" ABILITY" 1.00 0.00 0.07
"MOTIVATION" | 0.00 1.00 0.32
COMPLETE 0.07 0.32 1.00
(N = 188)
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Fig 13.9 Correlation coefficients of the components of
teachers subjective assessment with COMPLETE
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INPUT| INPUT| INPUT| INPUT| FUTURE
TH. APP.| EXP.| ATT.|PHYSICS
INPUT -
THEORETICAL 1.00{ 0.51} 0.49] 0.25| 0.14
INPUT
FUTURE
PHYSIOCS APPLIED 0.51] 1.00 0.38] 0.20| 0.15
0.95 INPUT
EXPERIMENTAL| 0.49| 0.38/ 1.00{ 0.28f 0.06
INPUT
ATTITUDINAL 0.25{ 0.20f 0.28/ 1.00| 0.26
FUTURE
PHYSICS 0.14] 0.15f 0.06] 0.26f 1.00
Model 1 (b) (*Path coefficients not significant at 5% level) (N = 170)
BURSARY BURSARY FUTURE
PHYSICS MATHS PHYSICS
0.15
BURSARY
FUTURE PHYSICS 1.00 0.72 0.22
PHYSICS BURSARY
MATHS 0.72 1.00 0.21
0. 14 0.97
° FUTURE
PHYSICS 0.22 0.21 1.00
Model 2(b) (N = 165)
w " FUTURE
‘ABILITY |['MOTIVATION| ppyvsics
0.17
"ABILITY" 1.00 0.05 0.17
FUTURE " " 0.05 1.00 0.14
PHYSICS MOTIVATION
FUTURE
0.14 .97 PHYSICS 0.17 0.14 1.00
11(b) Teachers' subjective assessment (N = 170)

Fig 13.10(c) Model




0.3}

02—

Correlations with FUTURE PHYSICS

01

1 1 | 1 1 |
e = R R R ¢

Assessed objective

v

Fig 13.11 Correlation coefficients of the components of
teachers' subjective assessment with FUTURE
PHYSICS. (N = 170)
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Textbook design - Senior Advanced Physics.

Objective

Textbook design to achieve objective

II

Iv

(1)

(ii)

(1)
(ii)
(iii)
(1)
(ii)

(iii)

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.

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

Frequent and fully worked examples, students being
encouraged to first find an answer themselves.

Plenty of problems of suitable difficulty with
answers supplied.

An appendix on how to solve physics problems.¥*

Discussion questions to extend capable students.

Panel sections in the textbook providing additional
material beyond the syllabus.

Summaries including unifying ideas.

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 Graduate 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.

EVALUATION ELUCIDATION
CONTEXT INPUT PROCESS PRODUCT MQDEL
Critical Critical External Measurement of| Mathematical or
FO L AND analysis of analysis of evaluation product. statistical
OBJECTIVE cbjectives ;giﬁzggtlonal classroom input-output Modet
INVESTIGATION |possible/ Summarized by interaction measures. (specific)
desirable e 1 data| analysis.
bjectives empirical data
obJ ° if available.
SEMI FORMAL ANDTeacher |Teacher Student Teacher Verbal or
—————— . ———— . ———ee. : T T T . —————ree
SEMI OBJECTIVE |questionnaire |questionnaire |questionnaire |questlonnaire |graphical model
INVESTIGATION on importance| does proposed| instruction do students (generalized)
of objectives| instructional| difficult appear to be
material v easy achieving
appear useful| informative? goals?
Teachersy TeachersY Informal Student or Subjective
SUBJECTIVE —emelts SSLLUSLUECS from students [ZodFEEiVE of system
INVESTIGATION about the on proposed re instructionpp——mm—=—
course instructional to value of
objectives or | methods. product.
goals.,

MATHEMATICAL

NON
MATHEMATICAL

08¢
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APPENDIX A

BACKCROUND TO THE FIRST YEAR PHYSICS- COURSES

A.1 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 where 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 schcol or by national examination.
Most students wishing to pursue a science degree return to schqol for a
seventh form year. To obtain financial support for university most
seventh form 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 Uni&ersity of Waikato calendar
(University of Waikato, 1970) and were substantially the same 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 be 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:

(1)

(ii)

It was decided to differentiate 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.

The physics content of both courses was directed towards

the basic principles of classical physics and towards the
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appreciation of the unity of the subjec£ as the study of

the interaction of particles. This emphasis was seen as
necessary for the education of any future physicist, and

of more long-term value to the scientist or science-oriented
specialist (medicine, optometry, engineering) than

technological details,

(iii) The coursess 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.

Structural decisions made prior to the commencement 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. 1In 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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()  The textbook, "Fundamental 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 groups of 16 with one staff member to ask
questions relating to both courses. It was envisaged that the
tutorials would emphasize problem-solving as well as helping

students with underlying conceptual difficulties.!}

1Although the tutorials were concerned with both courses many of the
conceptual difficulties in the experimental course were overcome through
student-staff discussion in the laboratory. The assessment procedures
in that course freed staff from the routine marking of laboratory
accounts and hence more time could be given to helping individual

students.



APPENDIX B

PATH ANALYSIS

The method of path analysis applies to sets of relationships among
variables which are assumed linecar, additive and causal. In a
predictive model it has no greater predictive power than multiple
regression. However, in a structural model it provides a technigue
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 beyvond purely statistical
relationships to the development and testing of models which hypothesize
the structure of the relationships. Assextions made by tentative models
may be refuted by observed data.

Introductory accounts of path analysis are provided by Duncan
(1266), 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 X,, X, and X, where X3 is assumed to depend linearly
on X,, X, and a residual term xa i.e., Xy = a5, X, + a5,X, + a3aXa + a.

Usually it is more convenient to treat the variables in standard
form, each with mean zero and unit standard deviation. Hence

Zy = P32, + P3p%; t P3yZy S
A path diagram of this model is given in Figure B.1l where p,,,P,, and P,
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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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 residial symbols
to indicate that they are unmeasured). The quantities alongside the
paths are symbolic or numerical values of the path, or correlation,
coefficients of the postulated causal, or correlation, relationships
respectively.

Assuming r,, represents the correlation coefficient between
variable 2, and Z, in Figure B.1l, then a system of structural equations

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

Iy, = Py, * P3yYry, O 4 §
Yy, = P3g, t Py T, « « o o o o III
Yga =1 = py Xy + Pyo¥i, t p3a2 B v
hence
Paaz =1- (py," + P322 + 2P3 Py, T ,)
therefore
Psa © 1 - R?

where R is the multiple regression coefficient of Zl, Z2 on Z3 and

sy ~ T3y standardized partial regression
2 = coefficient = B4,
12

P3; =
' l-r

Similarly p,, = B,,. An advantage of path analysis is that it helps in

. . s s 1
the interpretation of familiar statistical quantities.

1(a) Py, is the coefficient of alienation (see Guilford, 1965, p.376)

and from path analysis can be interpreted.as the Sath cozzg;ciintezzniing
dummy variable (residual) having unit va§lzzzi ?2 Zz?ro F
all unmeasured variables which cause varla' 3¥ .

(b) path analysis provides an interpretatl?n ?f the ;zrriiatlggebzzzziz
any two variables as the sum of direct and lndlre?t.e teC .while the
effect of Z; on Zj is estimated by the path coe§f1c1en 23; o
indirect effect is provided by the compound path r;;Ps32 31 3



289

Path coefficients can Ee determined numerically from the observed
coxrelations either by direct solution of the equations or by obtaining
the standardized regression coefficients, determined, for example, from
the multiple regression of 2, and Z, on 2,. 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 c:iterion of significance (say, 5% for N = 100 « 500). On the
other hand if all possible paths are not postulated in thé 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,, is zero in the path diagram Figure B.l, then the
equations II and III reduce to Py = Y3y7 Py, T Py ¥y, 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, Zy is also assumed to
be dependent on %, and Z,. Generalizing equations II to IV, the basic
equation of path analysis is

.. =L P. .
ij qplq Tiq

where g runs over all variables that lead directly To Zi' Hence
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[

|
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32 *t Py,

Tya = Pyp t Pyyry,

2

il
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w

31 T Py,ry,

Tyy = Pyy + Py,ry,

=1 - 2 _ 2 _
Py, =1 - Py P3s 2P31P3,T,

=1 - 2 _ 2 _
Pyp” =1 =Py, Py 2P, Py T,

Although the residuals (p3a and Péb) are unlikely to be zero,
particularly in educational systems, it is still possible for the
independent variables to account for the intercorrelations of the
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
Tow = PyyXyy ¥ Py T PaPurfap

hence the correlation r ., between the unmeasured residuals can be

ab

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

(for Alonso and Finn Physics, Chapter 8)

Sunmary sheets for Chapter 8 issped in evaluation session for
Chapter 8 (1974).

Self evaluation questions and problems—used in evaluation session
for Chapter 8 (12974).

Tutorial sheet for Chapter 8 following above--issued in tutorials

in Teaching week 7 (1974).
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C.1 Summary sheets

UNIVERSITY OF WAIKATO

PHYSICS 73.101

Summary 6
(Alonso and Finn, Ch 8)
1. Impulse (I) (8.1)

L= [t_}:-d‘c=1>_-120

to

where p is the momentum at t

Po the momentum at to .

2. Work and Kinetic Energy

i) Work (W) (8.2)
B B
W= J F . dr = J F., ds
A

where W = work done by the force F moving a particle
from A to B.

FT = component of F along the path .

e
e
~7

Power (P) (8.3)
av
dt

d

= a—_E' (E . dZ_)

P =

=F.vif F is constant.

iii) Kinetic Energy (EK) (8.5)

B
W = I F.,. ds = % mvB2 - % mv,?

T A
A

2

- 2 _ P

Exy = # mv o= 2m

3. Conservative Forces
i) A force F is conservative if

f_?_.d£=0 (8.8)

ii) Potential Energy (Ep) (8.8)

- B
Fp,p = Fp,a ® I L.
A



iii) Conservation of Energy (8.10)

Total Energy = E = EK + EP = CONST.

Iv) Force and Potential Energy (8.9)
F, = -3p
F, = - g{—ip
F, = - %g

4. Non Conservative Forces (8.12)

| . du
dt P’ T dt

servative forces.

(EK+E)

293

where VW' is the work done by non con-
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C.2 Self-evaluation guestions and problems

1.

UNIVERSITY OF WAIKATO

PHYSICS

73.101

Problem Sheet 6

What is the power used by a 40 kg boy if he rides up a hill
whose_gradlent is 4° on a 10 kg bicycle at 5 m s~!. The
frictional force is 20N.

A.
B.
C.
D.
E.

A small

A.
B.

27.5 watt
55 watt
175 watt
275 watt
550 watt

lead mass hanging from a string swings as a pendulum.
The work being done on the bob by

greatest when the

greatest when the
end of its swing.

greatest when the
greatest when the

mass

mass

ball
ball

point of the swing.

Zzero.

the tension in the string is
is rising most rapidly.

is passing through either

is at its lowest point.
has just passed the lowest

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

A.
B.
c.
D.
E.

vZ - 2gh

/vZ + 2gn
/vz ¥+ gh
v

Yv2 - gh



Y.

5.
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A particle moves under a force described by the potential
energy function Ep(x) = - 2x%. The force on the particle
is given in vector form by

A. u, (ux)

2
B. u, (2x*)
C. + Bx(~4x)
D. - Ux

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
242
m°g .

Kn

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.
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. UNIVERSITY OF WAIKATO

PHYSICS 73.101

Tutorial 7 - Chapter 8 Week 8
Problems in Ch 8

8.6 100N =

8.8 1.04 x 10*W, 1.04 x 10%7 .

8.19 (Remember ;2 = gxz 3 Eg =,% mv? and see Example 8.7
for Ep 3 E = Ep + EK)

8.25 Approx. 7cm (Read Example 8.3, and assume x <<1lm)

8.35 (Stable x=0, 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 string at B. If the ball is always released from the

same point, how does h vary as x is varied? (h is the max height
reached by the bob)

X
zabl
A RN -
Vt, ,4’ 1
h
— o N

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 1.05 times its original
height." Comment.

3. Potential energy is not uniquely defined, as its va}ﬁe 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~! to 4 m s~!. The work done is

F.d = 10 % 0.6 = 6J and the gain is Ey = kmv'? - %mv? = 6J. An
observer falling at 2 m s~! (parachutist!) observes the physical
situation and considers the speed increases from 0 m s™! to2 m s-1,
a kinetic cnergy increase of 2J. However, force and distance are
invariant under a Galilean transformation, so the work done was 6J.

Where is the extra energy?
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APPENDIX D

EXTRACTS FROM EXPERIMENTAL PHYSICS

R.J. Osborne
University of Waikato, 1974

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

Introduction to 73.102 from Experimental Physics, p.l-2.

A typical experiment with objectives annotated, Experiment 11

from Experimental Physics, p{ll7—125.

Extract from self-evaluation questions from Experimental Physics,

p.1l69.

Typical test and examination questions from Experimental Physics,

p.174.
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D.1 Experimental Physics: List of Contents

EXPERIMENTAL PHYSICS

Introduction
1. Experimental Physics 1
2. Laboratory Notebooks 3
3. Errors 13
L% Graphical Analysis 18
Set_A_Experiments - Measurerent and Dynamics 21
1. Measurement and Probability 21
2. Measurement and Laboratory Skills 29
3. Frictionless Linear Dynamics ul
L, Frictionless Dynamics 51
Set_B_Experiments - Fields 59
5. Electron Dynamiecs in a Vacuum 59
6. Forces and Potential Energy Relationships 69
7. Electron Dynamics in a Conductor 77
8. Magnetic Fields 88
Set_C_Experiments - Waves 99
9. ‘Interference 99
10. Wave Geometry 1089
11. Polarization and Diffraction 117
12. Light and Electron Waves 127
Appendix 139
1. Gaussian Function and Integral Function 139
2. Summary of Errors ’ 140
3. Theory 142
L. The cathode ray oscilloscope 14y
S. Sign convention in optics 152
6. Self evaluation questions 158
7. Typical course evaluation questions 174

(iii)
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D.2 Experimental Physics: Introductiocn

INTRODUCTION

1) Experimental Physics (Course 73.102)
The course consists entirely of experimental work and the

aim of the course is that you (as a student taking this course)
should,

i) obtain an understanding, and an ability to use in
specific situations, some of the important principles
and theories of phyolcs.

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

iii) be able to propose simple tentative explanations for
observed facts, and to not only make predictions 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 make valid
conclusions from observations and data.

In other words we wish to give 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 theorv.

iii) As part of planning experiments you will need to consider,
for example, what measuremecnts should be rmade 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 th}s book
with you to the laboratory sessions. In many instances detalls of
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c¥perimental procodures and the analyvsis of tha theory involved in
a particular experiment will be left to yvou. This will reguire
botn study and thought, both before you come to the latoratory (in
terms of what thc experiment is about, referringz to tewts, film
.oops, etc) and while vou are in the ia\owa va (in terms of the most
suitable experimental set-up, etc). So that veu micht evaluate your
understanding of aiy varticular experiment =nc the Eheorj related

to it, a set of questions is provided in the appendix. Phere any
further theory, in addition *o that required to understand an
experiment, is expected to be understood as part of this course,
specific reference to this will be made.

Tests and the end of vear exanination in this courre will
consist of theoretical papers which will involve questions relating
to the course aims (for example see p.174)., 1In partlcular, qestions
will relate to results obtained, conclusions ¢rawn, knowledge of
background theory, and the use of theory and apparatus in SDeCLFlc
situations you will have met in this course and also in situations
which may be novel to vou. The examinations are open book exams to
which you should bring this book, your laboratorv notebook and
your textbook. Details of your experimental orocedures, yoir
resvlts, conclusicns etc. should be fully reccrded in vour notebook
as you will neced 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 befors you come to the laboratory about 75%
of the time available will be used in setting up your apparatus and
obtaining results. The remaining 25% of the laboratory session
time should be used in analysing and evaluating vour results. If
you have time you should 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 hoped that vou will be able
tc learn, study and experiment without much helv from the laboratory
deronstrators, if you rTeel that vou are making no progress with a
particular aspect of an experiment do not hesitate to seek advice.
Time in the laboratory is too valuable to waste.

In each experiment, normally one section is marked by an
asterisk and often involves an open ended investigation. Emphacis
should be given to a thorough investigation of all dgpec of this
section w1th careful consideration to the planning of your experiment
and to the interpretation of your results.

VWle hope that you find the course both cHallenglng and
stimulating and that you gainr satisfaction in searching for an
understanding of physical phenomena.
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D.3 Typical experiment—with objectives annotated

Obi@°*;~/¢'—* emphamzed by e achv-h‘eg;‘i

Experiment 11: Polarisation and Diffraction

11.0 Introduction

o) Yy ray, X-rays, Ultra-violet, L%ght, Infra red rays, Microwaves,

1Q,,))emd Radio waves are all elcctromagnetic waves (Alonso and Finn,
Ch.24.8). They differ in wavelength, from y rays (10~!" m) to radio

II¢)jwaves (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 (X = 3cm) for work in the laboratory. Micro-
waves for example show all the phenomena characteristic of light but
with the enormous advantage 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-

Imagnetic 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 reasonably 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
,,YOU may hear the detected signal the transmitted signal can be modulated.
.EmQSet the internal modulation of the power supply to 1000 Hz and adjust
the reflector voltage for maximum microwave intensity. (The.m?ter
on the receiver should show almost maximum deflection when positioned
at P in the diagram below.)

50cm L

Transmitter - Receiver

Fig.| X/

Notice the variation of beam intensity with angle of emission,
d. (No measurements need be recorded.)

117
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PART A
ﬂﬂyl@) 11.1 Polarisation (Alonso & Finn, Ch.23.6, 26)
) The klystron produces a monochromatic wave which is plane polar-
1§ed. Tbe plane of polarisation, the plane in which the electric
field oscillates, is vertical when 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 (® i) With the detector at P, investigate and explain the effect
I © of rotating the transmitter horn about the line joining it and
) the detector horn. What relationship do you expect between
(¢ received intensity and rotated angle? Attempt to experimentally
11@%;) 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 0,
cos?027??). Why rotate the transmitter ratha 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.

T @) Grid
o
@ P ¢
¥ o
() Oscillator g “ Detector
T8 s L_
L®, )
Fig.ll —lcn
(o o
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 ?hin? they can respond
only to that component of an incoming wave which 1is polar%sed wth
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.
I(e) . . . .
T(c)iii) Rotate the oscillator y5° w%th respect to the line joining
II@)the oscillator and.detegtor. Wlth‘the grlq w%ﬁes zﬁrlggggglis
IIF? compare tbe intensity ot the iransgltted waxelziﬁn ou: rzsults?
IT@)(a) vertical, (b) horizontal. an you exp yo

I()\iv) Rotate the oscillator through 90° from its vertical position
I so that the diode and klystron are mgtga}ly pcrpenqlcular.

@9 Rotate the grid slowly about a line joining transmitter and
IE@? receiver. Can you explain your observations?

me
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@) 5y o N

16 v he plax)g of po].am._sa‘clon of.E/M waves may be rotated by a

substance which is "cptically active". This 1is discussed in

1@ Alonso and Finn, Ch.26.10. "Optical active crystals" for the
E(@) microwaves are provided. Determine, using the microwaves,
E(C) whether each crystal is dextro rotatory or levo rotatory and

?stimate the angle 6 through which the plane of polarisation
ﬂ'(‘c) is rotated by the crystal, per unit length.

Oscillator Detector

“Optically active”

crystal
Fig. HI
11.2 Determination of the Wavelength of the Microwaves. - the Michelson
I@) Interferometer (Alonso and Finn,p,95)

A microwave versicn of the Michelson Interferometer can be made

with two metal reflectors and a partially reflecting hardboard sheet,
E@)Arrange these as in the figure below.

" Metal plate P
“ (mirror)
1]
4
I¥
I
1
11 "
_ ) '1' 4 N Metal plate
P p— P e ———— i % (mirror)
Oscillator :

1142
|
|
|
|

Detector
Fig.lV

Move one of the mirrors forward slowly. The received signal at

118
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the detector will pass through maxima and m
constructive and destructive
above figure.

: inima corresvonding to
interference of. beams 1l and 2, in the

1[@) Carefully align the @pparatus for maximum contrast between maxima
e and minima. The distance between two adjacent positions of the mirror
which produce maximum (op minimum) receiver intensity is, 2 . Use the

II@U apparatus in the best way possible to obtain an accurate

measurement
of the wavelength of the microwaves.

Estimate the error in vour result,

Alternatively, if the wavelength is known the distance the metal
I@) plate has been moved can be accurately determined. This principal

' is made use of in the optical Michelson Interferometep where small

E:@> distances can be measured accuratelv in terms of the wavelength of light.

The use of the interferometer in the Hichelson-Morley experiment
I@)% is discussed in Alonso and Finn, Ch.s.8.
I@ :
11.3 Diffraction
I i) Fraunhofer Single Slit Diffraction (Ch.29.3) .

N\

Detector
bed e .
Oscillator
Fig.V
i i i T 1 plates with a "slit"
Set up a single slit using two meta ates with, ‘
%@5} between thgm (as in Fig V). If you are unfamiliar with the

diffraction pattern from a single slit{study the gilm loop
(M.12) on the subject and Alonso and Finn, Ch.29.3.

i in 8.2 and the
f the wavelength obtained in
1@9 oo valug ° dict a slit width which will produce a
theory of Ch.29.3 to pre . [Which will produ
suitable diffraction pattern, i.e. one which in 4
positions of zero intensity (b > A).

iati i i ith angle 8. Determine
i ariation of intensity wit 2
Ie) carefﬂigicih:hgn;ular positions of zero intensity and compare with

IO theoretical predictions.
ﬂI@Q ject t up the
e ii) To investigate diffraction around an object se p

V40)
120



()
e
I®
NG,

Q)
I®
16
@
I ¢
7®

)

305

circular metal disk as shown in Fig VI.-

. X’
le 30cm |
|
|
—]
Oscillator {Detector
8cm radius |
Disk |
Ix
Fig. Vvl
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.1l4 - Diffraction around objects

PART B

11.4 Standing Electromagnetic Waves

Read Alonso & Finn Ch. 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 essential 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 1lm 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.)

L
Oscillator} 1m ~| :Detector

} ¢——-— [o
| Fresnel Zone Plates

Fig. ViI
121
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"With the centre zone o?ly removed a maximum of intensity is

obtained at a distance ro, = % behind the plates. With the

- \ .
1Z45 detector positioned at this point remove in turn each of the

S remaiping.plates. Is the variation of the received intensity
@ (qualitative only) as you might intuitively expect?

For example, notice the change in intens

ity when in addition
to the removal of the central zone,

(a) the second zone, or
(b) the third zone is removed.

I@) With the help of Alonso and Finn try to explain these

H) effects. Try to predict whether the intensity will increase or
e decrease when certain zones or combination of zones are removed.
l@) Check your predictions experimentally. (As an understanding of

()| the idea of Fresnel zones only is required no qualitative results
w4 ) are required.)

*11.6 Bragg Scattering

Study carefully Alonso and Finn, Ch.29.9 which deals with
Bragg Scattering of X-rays by crystals.

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 up the lenses, detector and oscillator as in Fig VIII
to obtain a parallel beam over the turntable and maximum beam intensity
\ Detector

at the detector.
\\
Oscillator :L\\~J/ ~
V N~ - \
Turntable
Lens Detector

lens
Fig. Vil

S ~ A
>

/ B

Y

Place the "crystal" on the turntable so that the longest edges
of the "crystal" are vertical. Rotate the crystal as slowly as
E:@)possible using the motor. With the turntable rotatlng'sliwly%e
rotate the detector-lens system and use the loudspeaker to loca
maximum intensity peaks in the reflected beam (see Fig IX).

122
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Oscillator

Turntable

Fig. I1X

. When the first position 20 is found which gives maximum intensity
- peaks, stop the motor and adjust by hand for true maximum intensity

1(6) position. Use the Bragg's equation to calculate the probable distance
I((,) d between the planes of the spheres (assume n = 1 for the first maximum

and notice carefully the plane in the crystal which is "producing'" the
reflected beam). :

A D

B0

N\ NS C

B Fig. X

v first
Assuming the spheres are regularly spaced as shown, use your
Ze) result to hypo%hesisepon other positions of the crystgl and detector
E(F) systen which will give a strongly scattered bea::n.. Check these
e experimentally and hence try to confirm the position of, anq distances
e between, spheres in the crvystal. (Estaplish, for example, if the
: distance between planes parallel to AD is the same as the distance
T between planes parallel to AB.)

123



Te) To invgstigate the distance between "horizontal" planes in the
W) | ecrystal reposition the crystal so the "longest" edges are horizontal
) and repeat the aboye analysis, Hence combining your results try
to reach a conclusion regarding the three dimensional structure of
jE@j the "crystal”. (Introduce into the analysis as many crosschazcks as
possible.)

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

11.7 Interference (Alonso and Finn, Ch.28.2)

Defecto?F\

Oscillator r]

Fig. Xl

16 Set up a double slit as shown in the diagram. If you are

Je¢)|unfamiliar with double slit interference patterns, study tpe fl?st
part of film loop M.13. The position of the nth nodal line, is

me) given by

I . (n_- %))

Jido) sin 6 = /= I

Z®) . o . : . .

Adjust the slit width to obtain a suitable 1n?erference 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 predictiocns

correct?

) What effect should the slit width have on the interference pattern?
10 Refer Alonso and Finn, Ch.29.S5.

I(c)

Film Loop Reference: M.10 - Interference of Waves
M.13 - Multiple Slit Diffraction

Additional Work

11.8 Reflection

(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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Transmitter

Detector

Fig. X!l

Bring up a second prism, as shown by the dotted outline, with a
face close to the prism face at which total interrnal 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 analecgous 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 Feference: 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.

125
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D.4 Example of self-evaluation questions

R VA

’ 1. W i ' .
e signal:gat 1s meant by 'the microwaves are modulated by a 1000 Hz

2. A microwave transmitter and detector are both vertical (see
I@Exp 8) and the received intensity is I,. If the detector is

rotath through 45° about the transmitter-detector line what

according to theory, will be the received beam intensity? ’

3. In a single slit diffraction experiment a student is unable to
Ii)locate any positions of minimum intensity. The slit width is 2 cm.
Can you make any statement about the wavelength of the waves?

E&w' 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@%f 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

ﬂm)of the light?

6. In a 3 cm Bragg scattering experiment a 'crystal' was used where

the distance between spheres was 4 cm.
for peak reflected intensity, from the planes parallel to

T i) AB

ii) BD (see figure in Section 11.6)

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

positions would the nodal lines be found?

T 8. Describe how you might use the apparatus of Exp. 11 to find the
@hrewster Angle for microwaves incident on paraffin.

Oﬁpcﬂeﬁ emplhaeized LV the gueshoos.

What values of 8 would you expect

169



D.5 Typical test and examination questions 311

questions, short questions or multiple choice. These questions have
been selected from the short question section of finals. ’

Understanding of Theory (see aim (i) page 1)

With regard to the photoelectric effect (Exp 12) what effect
should the light intensity have on the energy of the emi:ted electrons,
according to Einstein's theory of the photoelectric effect?

Experimental YWork I (Planning Experiments) (see aim (iii) page 1)

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

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

Draw a graph to display 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. .

Application of Theorv (see aim (i) page 1)

A magnetic puck is deflected by a fixed magnetic puck on an
air table. The deflection is shown below.

'
4

e
i B

\
\
\
N
4?ﬁ
!

The impact parameter is 2 cm, and the distance of closest
approach to the centre of the puck is 6cm. Assuming the pucks.cgn
be treated as point masses, the forces are cent?a}, and the grlglnal
kinetic energy at B is 8 x 10-*J and E, is gegllglblg,determlne the
potential energy in the system when the moving puck is at A.

Analysis of Assumptions and Approximations (see aim (ii) page 1)
In the theory of electron diffraction the assumption was made

that

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

ii) 0 was sufficiently small so that sin 6 = 6. Discuss
each of these points stating whether you consider these .
assumptions were justifiable or not. Support your conclusions
with your own experimental results.
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APPENDIX E

OBJECTIVES AND TEACHING

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 can be described vefbally. 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

E . .
depth, e.g., F(x) = - %5§- in Experiment 6.

Objective I(C) Oktain 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 incre 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 ITI 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 boocklet 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

. i tion
experimental work encouraged students to consider problems and informa
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critically, tutorial discussion questions were designed to specifically
develop this objective. Beard (1971) and cothers suggest that discussion
may well play an important parn: in the development of critical thinking.
The most useful discussion questions were those that were sufficiently
"straightforward" for all students to make a contribution to the
discussion vhile 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(B) 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 an understanding, and appreciation, of some
of the major themes and unifying concepts 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 momentum and
later become aware that, in a rather arbitrary way, 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 11.3(1)).
Also students were expected to propose tentative ideas during experimental

work (ibid, Experiment 11.6). Students were also encouraged to propose
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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
students' limited store of requisite knowledge restricted tre 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 guidan¢e 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 a&é&lable 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 2lst 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)).
The second approach was used 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. BAs 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 theoretical predictions. This encouraged

students to consider possible mistakes, random error and systematic
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errors involved in the experimental sitvation being considered.

Objective V Orientation

The orientation objectives are closely associated with Objectives
IIT 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——gn 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.
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Objective VII(A) Develop the ability to manipulate, and use, the
mathematical language of physics

Vector algebra, line integrals, surface integrals and so on were
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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TYPICAL END-OF-YEAR SURVEY SHEET (1974)

UNIVERSITY OF WATXATO

First Year Physics - End of Year Survey

PART A General (both courses 73.101 and 73.102)
1. Your background in Physics was

A. None B. 6 form c. 7 form D. 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 F. self study.
Which of the above (or combination of the above) do you consider the most effective learning
environment for the following aspects of physics:
Answer
1) To obtain a basic understanding of the principles of physics ceeeee
(ii) To learn to solve problems ereces
(1ii) To learn to think critically about physics ervena
(iv) To learn how to plan experiments tesees
(v) To learn how to analyse experimental results sesene
(vi) To develop an appreciation for the nature of physics cesenn
(vii) To develop an interest in the study of physics vesees
PART B 73.101 Theoretical Phvsics
Do you consider the work load (time to understand the text and to do problems) expected of you in
this course (73.101) :
A. More than any other course B. More than any other ccurse, apart from 73.102
C. Above average D. Average E. Less than average ANSWED ovvvs.
2. Did you find the pace of the lectures
A  Too slow B. About right C. Occasionally too fast D. Too fast at all times
Answer ......
3. Have you found the content of the lectures
A. VYery difficult B. Difficult C. Average D. Easy Answer ......
4, Do you consider the text of Alonso and Finn
A. Very difficult to understand B. Difficult C. Of a reasonable standard D. Easy
Answer ......
S, How would you describe the text
A. Very interesting and helpful B. Informative and interesting C. Informative but dull
D. Boring Answer ......
6. How do you rate the difficulty on average of the content of the following sections in the course
73.101
\
DE?}'icult Difficult Average Easy Eg;y,
Kinematics (RJO) Ch 1-6
Dynamics (RJO) Ch 7-12
Fields (ARP)
Fields (BSL)
Waves I (BSL/RJO) Ch 23, 24, 26.
Waves II (RJO) Ch 27, 28. 29.
7. Have you found the suggested problems in Alonso and Finn
A, Impossible B. Difficult C. Of a suitable standard D. Easy AnsSwer ......
8. Have you attempted .
. lems suggested
A, f of the problems suggested B. Most of the prob
C. 21{})'0? t;: problemg suggested D. More than the number of problems suggestedAns"er e
9. If you have trouble with problems is it usually because .
i é the problem
. and the question B. You cannot see how to start b .
3- 31{33 23222§ :2?3552;2 cquatqions you write down D. You spend considerable time trying to get
agreement between your answer and the answer in the back of the book. ANSWED ooaees
10. Do you consider tutorials should be held .
D. Only in the third term
. B. As at present C. Less frequently
A. More frequently TP ARSWETr oveens
11. Do you consider tutorials

5
A. Usually helpful B. Useful only if you have questions to ask C. A waste of time

Answer +.... P TO
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13.

14,

18,
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Do you find the discussion quections and the associzted tutorial discéssicns
é. Interesting, worthwhile and/or stimulating B. Reasonably interesting and useful
. Interesting occasionally D. Of littie use, or interest E. A waste of time
Answer ......

Do you find the evaluation lectures (Monday or Thursday)

A. Extremely helpful B. Very helpful C. Useful D. Occasionally helpful
E. A waste of time

Ans
Do you consider the summaries of the chapters (Thursday)
A. Very helpful and worthwhile B. Useful C. Occasionally useful D. Too b
E. Useless

Ans
Do you find the multiple choice questions given in evaluation sessions
A, Very helpful and worthwhile B. Useful C. Occasionally useful but usually
D. Occasionally useful but usually too easy E. Useless Ans

Have you any other constructive comments on 73.101, for example re lectures, evaluation
tutorials? N

73.102 - Experimental hysics

Do you consider the work load expected of you in this course (73.102)

A. More than any other course B. More than any other course apart from 73.101
C. Above average D. Average E. Less than average

The experiments in this course were

Exp 1 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

10 Optics

11 Microwaves . .
12 Spectra, Photoelectric effect, Electron diffraction

For each question below, do not list more than two experimen;s!

VNN EWN

(a) The longest experiment to do and write up was Exp
(b) The experiment which assumed the greatest background knowledge was Exp
(c) The most enjoyable and interesting experiment was Exp
(d) The most tedious and unintéresting experiment was Exp
(e) The most informative experiment in terms of physics learnt was Exp
(f) The least informative experiment in terms of physics learnt was Exp

Have you any other constructive comments on 73.102, for example re lab book, equipment
details here where possible), tests, etc.

WeTL secave

rief

Wer secees

too hard

Wer sececee

sessions,

Answer ......

DERRRY
cesene
seeasse
cescse
sesece

DI

(specific
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APPENDIX G

FURTHER ASPECTS OF PROCESS EVALUATION

G.1l 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.1l(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 subsequently1
(Table G.1(b)). Reaction to the summaries and self evaluation questions
provided in the evaluation session was equally positive and has remained
so (Table G.1l(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.1(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

Ithe data of Table G.l 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.1 Szuggni percentage responses in formal process evaluation
o .101.

Percentage Responses
June 1970| Oct 1970
(N = 80) (N = 70)
(a) Do you consider the workload expected of
you in this course (73.101) is
A. more than any other course, 50 84
B. above average, 40 9
C. average, 8 7
D. less than average, 2 0
- Oct 1971 Oct 1974
(N = 80) (N = 80)
(b) Do you find the evaluation session
A. extremely helpful, 22 2
B. very helpful, 22 39
C. useful, 40 35
D. occasionally helpful, 13 20
E. a waste of time, 4 4
(c) Do you consider the summaries of the
chapters
A. very helpful and worthwhile, 32 48
B, useful, 52 38
C. occasionally useful, 11 9
D, too brief, 4 4
E. useless, 1 2
(d) Do you find the multiple choice questions
A. very helpful and worthwhile, 26 35
B. useful, 61 50
C. occasionally useful but usually too ,
hard, ' ' 6 11
D. occasionally useful but. usually too
easy, 5 4
E. useless 1l 0
(e) Do you find the discussion questions and
associated tutorial discussion
A. interesting, worthwhile and/or
stimulating, - 16
B. reasonably interesting and useful, - ’ 53
C. interesting occasionally, - 27
D. of little use or interest, - 1l
E. a waste of time. : - 2
(f) Do you consider the workload expected of
you in this course (73.101) is
A. more than any other course, 22 15
B. more than any other course apart from
73.102, 18 18
C. .above average, 34 31
D. average, 25 36
E. less than average. 1l 1
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written.down 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 beiween the experimental course
and the laboratory work in other first year courses, was that laboratory
sessions occurred fortnightly (3 houré one afternoon and 3 hours the
next morning with the following week free) rather than 3 hours each
week. 1In 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
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Table G.2 Student percentage response concerning the laboratory

guide, 1971 and 1972

Perxcentage Response
Oct 1971 Oct 1972
(N = 80) (N = 90)

In a laboratory guide the amount of information

supplied should be sufficient for you to under-

stand what you are meant to do, leaving

opportunity for independent study and invest-

igation as to the exact theoretical and experi-

mental details.

Do you consider Experimental Physics is

A, too detailed 0 0

B, on occasions too detailed 0 7

C. about right 59 61

D. occasionally insufficiently detailed 32 26

E. insufficiently detailed 10 5

Table G.3 Student attitude to the six hour laboratory timetable,
1971
Percentage response to each statement
Strongly Agree Un- Dis- |Strongly
Agree g decided|Agree|Disagree
6 hour lab sessions are useful as they
allow a reasonably undisturbed length of 12 64 13 9 2
time to study one topic in the lab.
6 hour lab sessions are useful in that
familiarity with the apparatus is not lost
overnight and this saves time next morning. 13 52 i3 21 2
6 hcur lab sessions are desirable as
apparatus can be lcft set up overnignt. 11 65 11 13 0
6 hour lab sessions are desirable as they
provide an opportunity for undisturbed 28 45 21 7 0
private study during alternate weeks. .
6 hour sessions are undesirable as six
hour experimental physics in twenty four 5 9 16 52 16
hours is too much. :
Afterncon/morning sessions are not worth
while as the overnight break is insuffic-
ient time to think about what you are
doing or to write up work done. 6 12 15 63 6
6 hour sessions are undesirable because -
the uneven loading of committed hours 52 15
each weck is éisturbing 7 15 12




Table G.4 Student responses to aspects of formal process
evaluation of 73.102.
Percentage response
to each question
October 1971 (N = 80)
Yes |Sometimes No
(a) Do you use self evaluation questions
to
A. learn about the experiment before
doing it? 0 20 80
B. check on your understanding after
doing the experiment? 24 48 27
C. check on your understanding before
tests? 78 8 13
Percentage response
October 1972 (N = 90)
(b) What percentage of your assessment of

(c)

this course do you congider 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.
B.
c.
D

0%
5%
10%

>10%

Now that you have had some experience
of laboratory work which of the
following methods of recording
laboratory results do you consider
the best?

directly recorded into your final
laboratory account,

recorded into a separate notebook,
recorded directly into your
laboratory notebook but labelled
"directly recorded results",
recorded in the back of your

" laboratory book.

36
45
14

26
42

17
14

326
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reasons for, and advantages of, such a procedure Qere 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).
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APPENDIX H
SEMANTIC DIFFERENTIAL INSTRUMENT
(Only Experiments 1 and 2 shown)

UNIVERSITY OF WAIKATO

Physics Education Analysis - 1973

Experimental Course Evaluation

The following is designed to investigate 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.1l - Errors

Awful: : : H : : : : 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 : : : : : B : X : Easy

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

Ultrasonic Experiment

Precise : : X : : : : : Imprecise

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

Water Wave Experiment

Complex : : : 2 : X : : 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 : : 3 T X 2 H : Cold

1]

Some scales may seem higﬁly irrelevant. Do not let this worry you.
Give the best judgement you can. There are no right or wrong answers.



Experiment 1

Enjoyable

Relevant
Complicated

Ciear 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
Varied

Adequate apparatus
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Errors (Darts, Means and standard errors,
Measurenent of g)

.
.o
.o
.o
e

Unenjoyatle

.o

.o
oo
X}

: Irrelevant

oo

oo
e
.o

Straightforward

: : Vague instructions

.o
.o
Xy

.
..
..
.
..
.o

Satisfying

ee
e
oo
..
'y
oo

Unimportant

o0
oo

Difficult to write up

ey

.
ae

.
oo
.
.e

Closed investigation

Pleasant

.
3
.o
e
.o
'y

Y

oo
oo

Valuable

.
s
oo
.

3
.

: Lab work easy

e

oo
oo

Precise results

3
.o
as

: : : Uninteresting

: Useful

.o
.
.o
.e
.

oo
oo

Few calculations

.
.
..
.o

: : H : : ¢ Inadequate theory

Dull

.o
3
oo
.o

Informative

.
.
.
.
.o
..

oo
..
oo
.o
o

Long

Technological

e
.
o
e

.o
oo
e
.o

Non mathematical

oo
.o

.o
oo
.
X3

Straightforward theo:ry

Nice

e
e
.
.
..
3
oo

.
.o
oo
oo
.o

Unfamiliar theory

e

: : :_Monotonous

. -
. .

.
-

: : : : : : ¢ Inadequate apparatus

*NOTE: Open ended

closed

- details of experiment, and what to do left to

the student to decide
- specified and detailed instructions, told

exactly what to dq.



Experiment 2

Adequate apparatus
Varied
Familiar theory
Awful
Complex theory
Mathematical
Theorectical
Short
Uninformative
Exciting
Adequate theory
Many calculations
Useless
Interesting
Approximate results
Lab work difficult
Worthless
Unpleasant
Open ended investigation
Easy to write up
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Unsatisfying
Clear instructions
Complicated
Relevant
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Inadequate apparatus
Monotonous

Unfamiliar theory

Nice

Straightforward theory
Non mathematical
Technological

Long

Ihformative

Dull

.Inadequate theory

Few calculations
Useful

Uniﬁteresting
Precise results

Lab work easy
Valuable

Pleasant

Closed investigation
Difficult to write up
Unimportant
Satisfying

Vague instructions
Straightforward
Irrelevant

Unenjoyable
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APPENDIX I

SCHOLARSHIPS PHYSICS EXAMINATION
AND EXAMINER'S REPORT, 1973

I.1l Entrance Scholarships Examination, 1973-—Physics.

I.2 Entrance Scholarship Physics (Examiner's Report).

.

I.3 TFurther analysis of the Scholarships Physics Examination, 1973.



I.1 Scholarships Physics Examination, 1973

UNIVERSITIES ENTRANCE BOARD

ENTRANCE SCHOLARSIIIPS BEXAMINATION—1973

PIIYSICS
[Time allowed: T'hree hours)

Ten minutes extra allowed for reading this paper.

INSTRUCTIONS:

)

The paper consists of two compulsory seetions: Seetion J and Seetion 11.
No choice is provided. Attempt all questions in both scetions.
Candidates are recommended to allocate their time in proportion to the marks allocated.

Matliematical tables will be provided. Slide rules may be used.

SECTION T (65 marks)

. This section contains five questions. Fach question is worth 12 marks except question 5, which has five quite

separate parts and is worth 17 marks.
Graph paper will be provided.

Tie your GRAPII PAPLER sceurely to your answer book.

SECTION II (35 marks)

All answers are to be recorded on the special ANSWER SITEET provided.

Lxeept where otherwise indicated you are required to select the best answer from several alternatives.

Ambiguous answers will not be accepted.
If you consider b is correct shade thus a b [ d e
| 4 H
g il

To change your choice from b to ¢ rub out or cross b and shade ¢ thus  a ¢ d e

< BR

Tie the ANSWER SHEET sccurely inside the front cover of your answer booklet.

Each question carries one mark.

Turn over

332
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3
SECTION I (65 marks)

(a) An external foree Feyr, is applied to a rigid body, mass M, initially at rest. The foree varics with time

in magnitude but not in direetion. Assuming the equations

dnr . ..
Pgxr = o and P = Mvey arve true for a rigid body
where vey is the veloeity of the eentre of mass, show that at time ¢ =7,
T Feyrdl .
ey = ‘ ——'—‘l-;——» ----------- equation A.
Jo B : (2 marks)

(b) Tn the study of rotational dynamies of a rigid body, analogous expressions to those in 1 (a) exist for
rotational motion about an axis through the centre of mass

TexT = :;:'i and L=]o

Explain the terms 7exr and L, and develop an expression analogous to cquation A, for ratation about

the centre of mass. (3 marks)

(¢) A stationary billiard ball, radius r, rests on a table where friction ecan be assumed zcro. The ball is
struek by a eue (rod) held horizontal at a distanee .« above the table, giving a horizontal impulse, I,

to the ball.

[Assunm that the impulse &k = j }dt oceurs in a very short time

x
i
Y

interval. Also assume that the retational inercis of the bull about

an axis through the centre of mass is 2Mr.]

(i) What is the subsequent veloeity of the centre of mass, and the angular velocity {about the centre

of mass), of the ball?

(ii) I'rom an analysis of the vcloeity of the lowest poiut on the ball, with respeet to the “frictionuless”
table top, determine the impact height = for which the ball will roll along the table without

sliding. (5 marks)

(d) On an actual billiard table some friction may exist between the ball and the ecloth surface of the

-

table. The walls of the table are designed so that the place of contact between the wall and the ball is
a height y above the table. Why is the loss of mechanieal energy, when the ball strikes the wall, likely

to be least if y is cqual to the value determined for z in ¢ (ii) above?

T
¢
¢

(2 marks)

Turn over
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(a) Amperes Law, for magnetic fields produced by clectric currents, can be stated symbolically as,

j B, dl= polrorac

For a elosed path in a region of magnetic field, explain the terms

J'I,,,dl o B - —

(b) A long thin metal strip ecarries a large eurrent, /, as shown.
The current density J is uniform throughout the metal (so I =Jwb) and is parallel to the length of

the strip.

Determine the magnetic ficld due to the current at a point P above the centre of the plate and just

above the surface of the conduetor. State any assumptions that you make.

ITINT: Consider a small reetangular path, perpendicular to the direction of J as shown.

p

re——— e — ==y

Xl :r_ ________ H j x’
L w : i (3 marks)

(e¢) In (b), the potential difference, V¥, between the ends of the strip is known from

174
related to the eurrent [ by the rule, V = %;)Tu_ where p is a constant.

of current, according to which current density is given by J

experiment to be
Assume the “eleetron model”

=mnev. Use these relationships to show

that this model requires the drift speed, v, to be proportional to the eleetrie field E, in the conductor

if 2 (the number of free electrons per unit volume) is assumed constant. In your cxplanation ke
. stant. ] xplan: mak
it clear how you relate £ to V. (3 ’ |

* marks)
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(d) A physical model developad as an analogy to the eleetvon drift model (a model of a model!) uses the
gravitational field to simalate the cleetrie field, and ball bearings to simulate the eleetrons. A large
number of nails is plaecd in a sloping board, as shown in Fig. W. The balls fall from one row to the

next, momentarily cote to rest, and fall to the next row. The balls drift down the board more quickly
when it is more tilted.

. . (‘ . . Thcory
6 s \ ¢ = The average drift speed down the hoard is
given by,
. L] . [ ] . .
\ - 1 (distance, row-to-row)
I ( « . AV T (thme of fall, row-10-row)
. . ° @ .

Since cach fall starts from rest,
l=1(gsin0)t?
o e ( vav = [1g sin 0]t

Vo 0, X = [é_,, cin 0] [__}’L_-].—:

¢gsin 0
Y

-O/

vy = Vi(gsin 0)1
PLAN VIEW SIDE VIEW

Fig. W

(i) According to the theorctical development in the panel, what relation does this gravitational

analogy prediet between the electrie field and the cleetron drift veloeity in a eorductor?

(i) In what physical way does this gravitational model fail to imitate the eleetron drift model (and
therefore fail to predict the correet relationship between eleetrie field and drift veloeity)?

(3 marks)

Turn over
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(a)

(h)

(¢)

(d)

6

A loudspeaker radiates sound waves, of fre-
quency fy and speed v. At a distance r from

the speaker along the line LI, the wave is

deseribed by the equation
By . r '-"95:3">" N
y= <7> sin 27rf, (; - t) for r>0.

(i) Sixggcxt a physical quantity that y might represent.

. . . . . B\ . . . ..
(ii) Suggest a reason for the inclusion of r in the amplitude <—r~ factor in the equation above noticing that

. X . o e . - . .
it does not appear in a similar way in the formula y = A sin27f /= — ¢ ) for a wave on a string,
L

(3 inarks)

A second speaker is placed adjacent to the first m
speaker. The waves produeed by this speaker T T e ——— p
-

are deseribed by

Y= <-1;> sin ‘Jﬂ’f'_- ({; —t)

Deseribe the resultant sound that would he heard by an obscrver at a point P equidistant from the two

speakers if f, is slightly different from f.. (Include a sketeh graph.) (3 marks)
A stationary truck has a pair of horns mounted on the cab, and a car is approaching the truck at
30 ms™, -1
) ) ) 3oms
D
TRUCK (AT REST) CAR

One horn is operating at 1000 1Iz, the other at 1010 Iz If the speed of sound is 330 ms—' determine

the beat frequeney heard by the driver of the car.

(3 marks)
Consider the following statement about the situation deseribed in (¢)
““The sound from the two speakers result in a two |
souree interference pattern which slowly rotates, as
shown, from the higher frequeney source to the lower -
frequeney source. At very large distances from the f /
sources the nodal lines are elfcetively straight ]in(;.s ! xl ‘—/‘- —
which rotate like the spokes on a rotating wheel. The Aoz —:Tj __________ X -__.—X

", - 1 . x \
frequeney at which nodal lines cross XX is-the fro- JC \p
queney of the beats heard Ly P. The beat frequency :
will therefore be independent of the position P angq :F >JC -
hence indcpendent of jts veloeity.?? . ! ¢
Criticize the ahove ar ; i \
*argument as, in Practice, the by

at Trequeney does depend on the veloeity of P.

(3 marks)
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4 (This question investigates your ability to analyse an experimental situation, and make conclusions from
experimental resultss Tie question does not assume that you have any previous knowledge about this
experimental situation or associated theory.)

The following experiment was destimned to study the relationship hetween the coneentration of salt in water
and the electrieal eondnetivity of the solution. A 6 V, a.e. supply was connected to a 0-100 milliammeter,
and twao copper plates ina beaker of salt water, as shown in the diagram. The beaker was completely full
with 1000 ¢t of salt water ond the current was 100 m\. From time, ¢ = 0, pure water was fed into the
beaker at the constant vire of 10 em?s™Y, where it mixed with the solution. The excess liquid overflowed.

The tabulated variaticn of current with time is shown below.,

/‘\ I(mA) t(s)
~~

_/ 100 0
év @ 90 10
WATER 31 920
l 73 30
65 10

59 50

N—SALT 33 60
SOLUTION 17 0

45 80

43 50

OVERFLOW 42 100

(a) A simple model is that the total resistanee of the salt solution, R, is inversely proportional to the con-

-

centration, C, henee I = = kC where & is a constant.
!

Now in each successive small interval of time, say 1 seeond, the coneentration might be expeeted to

become less by a constant factor f, so that the current would be expeeted to vary in the following

manner.
After 1 second [ =Iyaxf
2 seconds I =TIyaxf?
¢t scconds I = TIyaxf*

Plot a suitable graph of the data to find whether the expeeted relationship holds.
[JIINT: log I = (log f)t + log Iyax] '

i ieti (7 marks)
Do the results confirm theoretical predictions?
{b) Determine a value for f from the first eight readings on the graph. What value do you expeet for f
- (3 marks)

-

: i aker?
considering the stated rate of flow of pure water into the beaker?
ontinuously during the first 70 scconds but it was

(¢) To ensure good mixing the salt solution was stirred ¢ . ' o e
joeht dccount for the inereasing diserepaney between expert-
o

(2 marks)

not stirred afterwards. Explain how this m
ment and theory after the first 80 seconds.

Turn over



(This question has five SEPARATE parts.)
(a) The following three formulac all have to do with encrgy.
E =hf
E =me?
AE=mgAzx
Although they were initially met in quite different topies in physies, perhaps applied to one situation
they suggest new ideas.
Détermine:
(i) the effective mass of a photon, frequeney f.
(ii) the fractional change in frequency of a photon travelling a small vertical distanee Az in a uni-

form gravitational field. (3 marks)

(b) In a simple experiment to investigate the relationship between potential difference and current in a
torch bulb (resistance between 200 @ and 600 @), the following cquipment is available.

Voltmeter 0-3 V (infinite
resistance)

[[-Fs8

Resistor 10 @

Ammeter 0-50 mA
“(negligible resistance)

Battery 6 V
(negligible internal

. —

—_—

Leads (negligible
resistance)

Rheostat 0-10 Q VWV

resistance)

Torch bulb

__@__

("

Draw a cireuit diagram (symbols given) to show how you would set up the equipment to enable the
potential aeross, and the current through, the toreh bulb to be determined over the 0-3 V range.
(3 marks)

(¢) Synchronous satellites have an orbital period equal to the period of the
are positioned on the plane of the equator approximately 5.5 R
the radius of the earth (R =6 x 10° m).

The following is an attempt to verify this information.

carth's rotation on its axis. They
above the carth’s surface, where B is

o

SATELUTE
l_

5. 5 R —

v r
TFor the satellite mw’r = my
therefore m
o= \/_9_
r
hence T 2T ‘ /— 5T
> T==2 =927 |8 =0, [65L
BN LB

== 247 .\/(’_—’_i 6 X107

TR AL X 10T 13 % 100

10

The period of the carth’s rotution on its
enclosed in the box, above

, and state the corrcetion whie

:1xis';~;r : - Q0 Ny . .
15 actually 8.6 X 10's. Find the mistake in the working

h should be made, (3 marks)
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() (This question investizates vour aebility to plan an experiment to test some proposed theory. You are
not expected to be Tamiliar with the theory.)

A physicist has & theory that whien a mass m is suspended irom a spring of mass m,, and displaced

from its equilibrium pusition, the period of the up and down motion is approximately given by

where I is the spring constant.

~
To test the theory you are supplied with a spring

g, mass 1.2 X 1072 kg, and known spring constant and
asetof five 1.0 < 107+ kg masses which ean be suspended from the spring. Suggest what quantities you
would measure (no details vequired) and the subsequent graphical analysis which you would make to
verify the above cquation,

(Draw a sketeh graph to indicate what you would expeet if your results verified the equation.)

(4 marks)

(e) The idea of phasor diagrams in a.c., ean be extended to more complex eircuits than the simple series
cireuit. For example, the phasor diagram Mg, 2 shows the relationships between the voltages across
the various cireuit eomponents in the circuit Fig. 1.

a b

s

Vo
R P Fig. 2

(NOTE: The sumn of the voltages V, (aeross the resistor r), and ¥, (across the capacitor C) must always be just the
same as the total voltage, ¥, -} ¥, across the two identical resistors E. Also, as in a simple series circuit, the phase
a age, V-

angle between V,and ¥ must always be 90°.)

(i) The phasor marked V in Fig. 3 represents
a potential difference. Between which

points in Fig. 1 docs the voltage oceur? Vr VC

(ii) Show a similar phasor diagram for the V

case when r is reduced. Henee diseuss how VR VR

V varies in magnitude and phase as 7. -
varies. VO

(You may appreciate that such a varia- Fig. 3 4 marts)
tion could well be of practical use.)

Turn over
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SECTION 11 (35 marks)

(Answers to.be recorded on the ansiweer sheet provided)

A projectile deseribes a path as shown on the surface of the moon.
0 is the mid point between P and P,

As the projectile moves along its path from P toI”,

its angular momentum about the point O, will
() remain constant,
(b) first increase then decrease.

(e) first deerease then increase.

(d) decrease.
0

(e) inecrease.

Two condueting concentrie spheres with uniform surface charge densities are shown in the diagram. The
total charge on Ry is @, The outside sphere is connected to earth. If o is the density of the positive charges

on the surface of the inner sphere and o the density of the negative charses on the inside surface of the

o
outer sphere, then a_—' would equal

(a) (;}—:)z
(b) 1

_l}'.x) 2
(c) T2

(d) Infinite

o @)
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3. Two square parallel plates, of side length d, are a distance d apart. The clectrical potential differcence

between the platesis Vo N is widway between the eentres of the plates and QU is a line throngh S parallel

to one stde of the plates.

i
' ]

% IR s v )
'. | !

l———d——P/

The vaviation along QU of the masnitude of the eleetrie fick] due to the eharged plates, is best represented

by which of the following graphs?

EA (a)
%

d

o

O
o l----
DT
\_‘,__._._-
c

v I "4 B
(A

t ]

! 1

Qg RsT U @ RsT U

i e
.v_-.-————‘—-—-r—'"'—"‘
d N\

. T -2 s . The magnitude of
4. An isolated charged metal sheet has a charge density o coulomb m~* on each surface "

the electric field close to the metal sheet would be

) 40
@ Z @ = (&)

(a) 4 (b) 5o

Turn over
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The following information and diagram rcfer to questions 5 and 6.
The distribution of three charges + g, — 2q, and + ¢ shown in the diagram, is known as a lincar electrie

quadrupole.

R +q -2@ +q,

X v

f—a—f—a a—
At P, a large distance from the charges, on a line through the charges, the electric potential is given by

. qa*
1r,=4

=5 (r>»a
STEL

The magnitude of the electric field at P would be given by

2qa? a* qua* 3qa* 2qa*
(a) -—1—; (h) -q——: (e) ‘—1—; (dy 24 + (e) 1 ]
TMEnr TE? drer 2mwer TEN"

If point R is distant a from the elosest charge, as shown, the potential at R would be

; q q q q Ui
a) &-—- b) —— i o et
(a) 27en () Yiren (e) 127e,a C 167reqa (e Sme.n

“The eclectrie field at a position near a distribution of charges is given by the relationship £ = £ where F
. . Ul
is the foree on a point test charge q.”
For this statement to he correet the magnitude of the test eharge must be sufticiently small so that it does
not

(a) distort the cleetrie field in any way.

(b) distort the cleetrie field near the test charge appreciably.

fe) distort the clectrie field near the charges producing the field (even if the charges do not move).

(d) move the charges producing the field,
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The follmeing tuformation and dingram refer to questions 8, 9, and 10,

An uncharged capacitor (of capacitance C farad) is conneeted in series with a resistor (of resistanee R

ohmi), aned & buttery (emt £ volt and internal resistance r ohin) whose terminals are X and Y, as shown.

¥ o I ‘[ At a time ¢t (sccond) after the switch S is éloscd, a
lC charge of @ (coulomb) is on the plates of the capacitor,

r R and the current in the civeuit is I = (le) .

Y_[— /S

8. Which of the following equations could be dedueed by first using Kivehhofls rule about potential differ-

U4
enees aronnd a elosed eirenit, and henee obtaining an expression for —”

pdlQ _
fa) K P + 0~ 0

(b) [1 (ll 8 E

(e) (P+r)—+I(" 0

(d) (R+r) z + Q =F

)(l(+r) =0

+ L
tT

3. The voltage across the terminals XY of the battery, jmmediately after the switch is closed (¢=0) would be

' L — E—-1 E <_.I£_-
(8) E ) B (7) © £ (5% > (@ E( = ) (e) R+1>

. . i ircuit at any
10. If the capacitor is replaced by a perfect induetor (induetance L henry) the current In the circuit a

instant ¢ > 0, is given by dI
E=I(R+7)+Lg

stotivelv e rate of change of
Draw a graph, on the axes given on your answer sheet to show qualitatively how th g

current <g§> varies with current (I) .

Turn over
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The following information refers to questions 11 and 12.

In studying the oscillations of charge in an inductance-capacitance circuit a number of properties of the

system are analogous to the oscillations of a mass between two springs. For example,

| |
| |

C

Ni>x
NIx-

{ m
20000
000000
lv dr
F=m<) V= o =18 = 92
(I’ 1” } - L (]t - (_I.[
d*z ’
m~-—2—=—k.t Q_—Q
3P ' Loe=-¢
T =27 4/

11, above analogy suggests the i illati
The above an 110{.{.\ suggests that the period of the oscillations of charge in the cleetrical cireuit is

) 27 A[re by 2 (T (e) 2m [T () 2 (fC
; e V.

L

12, In the above analosyv tineti :
wmalozy the kinetie cenergy of the mass is analogous to

(a) the kinetie cuergy of the clectrons in the induector.

(h) the stered energy in the cleetric field of the capacitor

e) the stored energy i ¢ i
(c) stored energy in the magnetic field of the induetor

(d) the total kinetic energy of the eleetrons in the cireuit
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The follmeing tnformation and dicgram vofor to questions 13, 14 and 15.

A light borizontal bar has a anass we at cither end and is suspended at its midpoint from a thin vertieal

rod. 1f the rod is turned through an anule 6 in the horizontal plane, this twists the rod and th? “restoring™
torque it then exerts on the ar s T =—1¢ 0.

When the bar is veleased at some angle, it rotates to and fro about the vertieal axis of the rod.

\FIXED

SUPFORT /‘)\
4

VERTICAL —»
koD

6
LIGHT —_———— —__....L —_—

~ ' .
HORIZONTAL A
HORIZONTAL

@ JSAR m \(/ 8AR
e d e d—

SIDE VIEW PLAN' VIEW

13 Accordine to the rule relating torque and angular momentum, if I is the rotational inertia of the system

about the vertical axis through @, which ot the following equations represents the dynamie situation as

the bar rotates to and fro. ’
. o dzo
. d:0 . don*® _ e) 10=—c &
i) 5 == W) (G ) =—ch (e) IF
1d°0
(d)l%ﬁ—):—co (e) 10'—’-—;'(‘1—(.—,

. s R 1
4. Since / depends on the masses m and the distance d, the period of oscillation of the horizontal bar could

be written as,

I = [ ' 7 [ 2 fm
(a) wd .81‘. (b)-g _1 (c) wd 3Sme (d) a\m (e) d P
c e

; -i jons nceds to be made?
15. To determine the period in question 14, which of the following assumptions

1. The maximum value of 6 is small (sin 6 = a)

II. ¢ is a constant.
i inertia).
TII. 2m(d cos §)? is approximately equal to 2md? (rotational in )

' I, II and III
() Tonly  (b) ITonly  (¢) TandIlonly ()T and IIT only  (®)

Turn over
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16. The following graph represents the variation of spring potential cnergy, Ej, and kinctic energy, Ey, of

mass oscillating on a spring in simple harmonie motion.
3
The axis labelled z could be ENERGY E 5 Ex
(a) time only.
(b) displacement only.

{¢) cither time or displacement.

(d) neither time nor displacement.

NY

17. A mass m is supported by two springs. The end of one spring is attached via a long string to a rotating arm

so that the string approximates simple harmonie motion and produces FORCED OSCILLATIONS in m.

Nle~FIXED ———SFRINGS

*Y{ SUFPORT T~

00200000 T M F—00000020080206 - \ —0
SMALL FRICTION ONLY ROTATING

WHEEL — %

If the rotating arm is stationary, the natural period of the oscillating mass is 0.20s. The rotating arm is
then rotated at a period of 0.15s.

After a long time the period of m is best deseribed as being
(a) greater than 0.20 s
(b) 0.208
(e) between 0.20s and 0.15s
(d) 0.158
(e) less than 0.15s
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18. Two pulscs move along a string as shown

7
STRING —_—
)/\ e

Ol x

The displacement tinie graph of a point O on the string would be given by

Y

+VY

Turn over
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ay be considered to be composed of two cqual-amplitwde waves travelling in opposite
:

A standing wave m ‘ '
dircetions. If the average energy in ecach metre of the string from cither one ol these waves is E,, then

M 1 oo H coven?
what would be the average energy per metre in the resulting standing wave?

(a) zero (b) 3E, (c¢) Eo (d) 2E. (e) +E,

A metal rod of length one metre is held in a vertieal position and dropped on hard tloar. As it rebounds

the rod gives a definite frequeney of sound whieh is abont 2500 Hz What would probably be the speed of
compression waves in the rod?

(a) 5000 ms™? (b) 10,000 ms—? (e) 15,000 ms™? d) 20,000 ms~! (c) 235,000 ms™?

The principle of superposition is used widely in the study of wave mation. ITowever, it is limited to the

condition that the displacements are not too great. This limiting condition possibly applies to,
I mechanical waves on strings, springs and liquid suriaces,
1I sound waves in gases, liquids and solids,
TIT light waves and ull other electromagnetie waves in free space.
Actually the limiting condition applies to

(a) I only (b) II only (e) TII only (d) T and IT only (e) I, II, and III

The following two waves travel along a string simultancously

¥i = A sin (/-'J‘ — et + g)

A sin (u,-t — Jor — 7})

" "re . “av-o Qo 1 1 H
The resultant wan ¢, assumnig the pl'll](.’l])l(' of Sllp(_‘l'[)t)si[i()ll would be
, ¢

Il

Y.

(a) a standing wave of maximum amplitude 24.
(b) a travelling wave, veloeity v, amplitude 24.
(¢) a travelling wave, veloeity 2v, amplitude A.

(d) a standing wave of maximum um'plitude 4.

(e) no wave at all.
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X parfeetly polarizing plates (plates that transmit all light whose polarization is correet) are stacked one on

. . . .. . 90° . .
top of the other, and cach suceeeding plate has its polarizing axis at an augle 6 = _\'QT clockwise with
respeet to the preceding plate. The last plate is therefore “erossed™ with the first plate. The incident light
on the top plate, as shown, is unpolarized.

If the number of plates is systematically changed INCIDENT

ap°
NI

intensity of the emergent beam

from two to ecight (6= in each case), the

(a) systematically increases as & inereases.

(h) systematically deereases as .V incereases.

(e) first deereases and  then  inercases as N RN
NN N '>
increases. ——

t) remains constant but non zero as N inereases.

(e) remains zero as N inereases.

EMERGENT

BEAM
The stored energy in an inductor is §LI%
Lo Y4
The magnetie field in a long thin solenoid is B = —I'-L—l—— .
_ HoN?mr® .

The inductance of a long thin solenoid is L=
The above three equations suggest that the energy density in a magnetie field B is

Bz

2p,

(a) zero (b) pob? (¢) B? (d) B (¢)

. - olv - {hi i y -adius », and total
A short second coil of n turnus is wound closely around a long thin solcuqld length, I, radius 7,

number of turns N.
. n turns N turns

ccm@@@@m’@ﬂ

M

The mutual inductance of the pair of coils would be

1
2r
T

7/

v v Kol
(a) Lol (b) (ﬂo‘:"vmz (¢) punmr? (@) pon () =7

Turn over
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26. The relationship Vyax = wlly4x for the potential across the terminals of an inductor (where flux
linkage = N¢ = LI defines L) applies only,
1 for a sinusoidal current through an inductor,
Il assuming L is independent of time or current (i.c. a constuant value),

III assuming the resistance of the inductor is zcro.

Of the above which conditions are necessary for Vyax = wlIyax to hold true?

(b) III only (e) I and II only (d) I and III only te) I, 1 and III

(a) I only

27. The following phasor diagram represents the voltages in a resistor-capacitor series circuit, as shown.

O

—————— Y

Cc

:F

Possible interpretations of Vo, Vg, and Ve, on the phasor diagram, are that they represent,

I the RALS. voltages across the cireuit components,
II the peak voltages across the cireuit components,

11T the instantancous voltages across the eireuit components,

Of these possible interpretations
(a) I only is valid.
(b) III only is valid.
(e) I and II are both valid.
(d) T and IIT ave both valid.
(¢) T, II and 11T are all valid,
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The following diagram refcrs to questions 28, 29, and 30.

— A\ VAAA—
R:=1000n
ALTERNATING
VOLTAGE 1 -4
V=20smioot\ _____C=l10F

The phase angle between the applied voltage and the current in the eireuit would be equal to which of the
following angles?

fa) 0° (b) 37° (¢) 45° (d) 60° (e) 90°

If the peak value of the current is I, the energy dissipated in the resistor per sccond is given by 17,°R. The

energy dissipated in the capacitor per sceond is

L % L,

2(;(, (¢) i)—(-;)-._.—(j,j (d) w0 (e) zero

(n) M oC (b)

In practice the resistance has, in addition, some slight series inductance.

The effcet of this additional component will result in a current in the eireuit which is,
(a) slightly less than that predicted theoretically but less apparent at lower frequencies.
(b) slightly greater than that predicted theoretically but less apparent at lower frequenecies:
(¢) the sume as that prvdiéted theoretically for all frequencies.
{d) slightly less than that predicted theoretically but more apparent at lower frequencies.

(e) slightly greater than that predicted theoretically but more apparent at lower frequencies.

Turn over

342



22

31. Consider the following statements about the photoeleetric effect.

I The photoclectrie effect proves that lizht cannot be a wave motion.

II The photoelectric effect suggests that a wave model of light is sometimes inadequate.

111 The photoeleetrie effect gives support to a particle model of light.
IV The photoclectrie effeet proves that a light beam must always be considered as a stream of particles,
Of these statementsy

(a) 1 and IIT are correct.

(b) I and IV are correet.

(e) 1T and IV are correet.

(d) I and ITI are correct.

(e) 1 only is correet.

320 A speetral lamp consists of two metal eleetrodes in a glass envelope. .\ small amount of hydrogen is intro-
duced into the evacuated envelape. When the electrades are connected to a high tension supply a small
current flows in the eircuit and light with a set of distinet waveleneths is emitted from the Lunp even though
the lamp remains relatively eool. These wavelengths are produced as the hydrogen atoms in the lamp can

only exist in certain definite energy states.

78 .7, . . . 1.0 . . : . . .
T'he most likely way in which a neutral hydrogen atom in the region ab would acquire a high-energy state

would be

H.T
SUpPPLY

(a) capturing a photon.

(b) from the cleetric field hetween electrodes acting direcetly on the atom

L4 " 1
(e) from random intermolecular collisions

(d) from the bombardment of the atom by clectrons

(e) by the neutral atom colliding with the olass walls
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33. Bohr's theory of atomic structure is of wide significance even today in physies and chemistry because
(a) no more satisfactory model of atoms has yet been thought of.
(b) his model has accounted for the speetra of a large number of elements other than hydrogen.
(e) his quantization of angular momentum has been found to have wide generality.

() the model of electrons moving in civeular orbits explains why atoms link up to form molecules.

34, In a nuelear aceelerator a particle with charge @ and mass m is accelerated through a potentiul difference
Y. It then enters a magnetie ficld of a deflecting magnet of uniform magnetie field, B, and is deflected

through 90°. The radius of the path in the magnetic field will be

mV /) —+V
(a) B \’2_(1—
TR [‘z"'v

Bg
©

mV
ld) m

33, One of the nuclear reactions oceurring in the fusion process in the sun iy
-
e+ 3lle — $lc+2 188

If in this reaction the total rest mass of the system changes, whieh of the following conservation laws would

be expected to hold trme asswming no external forces act on the system?

1 Conservation of Linear Momentum.
1l Conservation of Angular Momentum about any fixed point.
III Conservation of Mass-Isnergy.
IV Conservation of Kinctic Energy.
V Conservation of Charge.
(a) IIT only
(b) III and V only
(e) I, IIT and V only
(d) I, II, IIT and V only
(e) I, II, 111, IV and V.
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zships 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 clarified in the Tcachers’
Guide {ntroduclion (NOTE: All references to Teach-
g}'s' Guide refer to C.D.U. Bulletin 48 Revised 1973.).
n) the topics in the prescription.

ii1) questioning techniques (long questions section
I QI1-4, short questions Section I Q5 and multiple
choice Section 1I).

As an indication of how the objectives dctailed in
the Teachers' Guide p iv were interpreted, some
examples follow of questions which were an attempt
to emphasize specific objectives.

Section I

Section II
1(b); 2(a); 3(a)

Objective A 11; 13; 18; 22; 32
(Comprchension)
Objective B
(Application)
Objective C 1(d); 2(d); 3(d);
(Higher skills) 5(c)

Objective D 4(a); 4(b); 4(c); -
(Experimental)  5(b); 5(d)

1(c); 2(b); 3(c) | 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 nccessarily
corrclate highly with each other, and thercfore some
caution is desirable when judging the usciulness of
questions from statistical information e.g. means,
corrclations  or discriminative indices. However,
such 1nformation has been included for background
reference.

Two gencral comments on the scripts.

i) While it may be justifiable for Scholarship
candidatcs to study content areas not in the pre-
scription, they should be clearly aware of the bound-
arics of the prescription. (Sce comment to Section I
question 2(b).)

ii) A lack of basic comprehension of the physics
expressed in mathematical language was cvident,
e.g. sec comments on Section I question 2(a), 3(a);
Section Il question 8 and 10.

Detailed comments on specific questions follow.

SECTION I (65 marks)
Mcan = 30.2 marks
Standard deviation = 10.6 marks

Question 1 (12 marks)

Mecan = 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 candidates reasongd
out (c) (i) but had difficulty analyzing (c) (i)
comrectly. 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 = 0.77

(a) C'an‘didates in general either had a clear
appreciation of Ampere’s law or were very confused.
Confusion was cvident between the line integral
J Bd¢and the surface integral ./ BdA.  The total
current was often assumed to be the current due to
all currents producing the magnetic field not just
the current *‘threaded’” by the path,

(b) If candidates had difficulty explaining Ampere’s
law they had even more ditficulty applying it to the
problem situation. Very few concluded that the
magnetic ficld at the centre of the strip would be
zero by symmetry but rather many incorrectly assumed
that the field in the conductor was zero everywhere,
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 Biot Savart law. Such attempts secm
to show a lack of awareness of the prescription
content. .

(d) Despite the clear emphasis in the prescription
of a “model for thc conduction of eclectricity in
metals in terms of the motion of free electrons’™ few
candidates had any rcal 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 mark — 0.69

(a) Like question 2(a), a lack of appreciation of
the physical situation described by a mathematical
equation was clearly cvident. Taking the liberty of
quoting candidates’ answers, it was suggested that
y represented the ‘‘length/spread/pitch/width/fre-
quency/height 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 rcpresents a microwave detector’’!
This point is laboured as it seems so important
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 still
do not appreciate that the sound actually heard is
the mean frequency of the two sounds, and it is this
sound that is varying in amplitude with a beat
frequency of fy — f, .

(d) Few candidates really appreciated that in this
situation the nodal lines would be curved at even
large distances due to time delay in propagation.
Interestingly enough it was sometimes the appar-
ently poorly preparcd candidate who rcasoned 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 were prepared to
state that the results confirmed theoretical predictions
without qualification, even though a significant
departure from the linearity of the graph was apparent
for t)80s.
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Question 5 (17 marks)

Mean - 7.6

Standard deviation = 3.5
Correlation with total mark — 0.73

(a) Mean =1.9

.Thxs question was well answered by most can-
d!datc's, although it was intended as an unfamiliar
situation,

() Mean =1.2

If this question is related in anyway to the ability
of students to plan experiments then there are
definitely some inadequacics in this arca. Marking
the 464 scripts gave a rcal opportunity to see the
seemingly infinite variety of ways six circuit com-
ponents can be joined together. Unfortunately the
majority of the ways suggested were inadequate
and were usually with complete disregard for the
longevity of the components. Perhaps assignmeats
of this type prior to an experimental session might
provide the opportunity to develop this planning
aspect of experimental work (refer Teachers® Guide
p-(iv) D1.).

(c) Mcan =1.4

This question was answered reasonably well. The
majority of students realizing that g == 10 N kg was
incorrect. Suggesting the specific correction proved
slightly more difficult.

(d) Mcan =1.8

Suggestions of what graphical analysis. would be
useful to check the relationships

k]
TL=L“TL o4 TS

were occasionally too simple (T versus m), but more
often too sophisticated and incorrect (log T versus
log m). If 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 = 1.4

Considering the deliberate unfamiliarity of the
situation many candidates answered the question
well, although thc constant magnitude of V’:d was
not always rcalized.

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 1. 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. o

Two groups were separated from all scripts, a
higher group (H) comsisting of the top 27% of the
total mark for the paper, and a lower group'(L)
consisting of the bottom 27%. Again the choices

of each of these groups is given as percentages.

The Discrimination index is a measure of the
questions ability to diffcrentiate between candidates
in the high and low groups.

Discrimination Index percentage correct in H —
(as a percentage) = percentage correct in L.

Thc_ 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 II only as the
criteria for choosing high and low groups.

As mentioned last year, 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.

Dctailed comments on individual questions follow.

1. The idea that the torce on the particle was
central to the moon’s centre rather than to 0, hence
thc torque with respect to 0 was non zcro, was not
appreciated by over half the candidates.

3. A critical attitude to the validity of relation-
ships (Prcamble 1) could perhaps be given more
emphasis by scholarskip candidates. The question
proved difficult.

1. Provided the test charge does not move the

charges producing the field, the value T]F: will corr-

ectly dctcrmine the ficld 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 usc the mathematical language of
physics. Only 28% of candidates could recognize
that thc equation of gquestion 10 was esscntially
of the form y = mx + c¢.

13, 14 and 15. This was an attempt to ask three
qucstions all related to one specific situation at
three lcvels of ability as set out in p.iv 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 ghe
emphasis given to this point in the Teachers’ Guide

.48.
lJ23. Another difficult question. The question is
best answered graphically considering the component
of the polarization passing through the ncxt plate.

29. Although this question discriminated well, the
facility level (34% correct) is surprisingly low.

30. This question proved difficult, it was hoped
ideas of resonance would be related to this situation,
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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TABLE I
1 2 3 L 5 6 7 8 9
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 $7 46 57 |47 68 30 3 1 5|19 15 21 |20 18 15| 22 12 23 |33 23 35 1 0 2 |34 28 38 ‘
B 10 10 14 |18 8 23 {55 47 S4 | 51 64 u§ 8 S5 1122 6 36 |25 38 15 3 1 6 |45 53 40
(o] 30 42 26 119 15 26 [13 6 20 | 2% 18 23 |21 14 33| 36 66 17 {15 16 22 6 6 8 {15 7 1u
D 1 2 1 4 3 6 6 9 6 S 2 8 |43 61 28|16 11 16 |27 22 26 |60 44 61 2 1 2
E 1 1 011 S 12 {23 38 1u 1 0 2 61 9 3 4 0y - 28 49 19 3 4 3
DISC 0.23 0.u3 0.32 0.23 0.30 o.us 0.07 0,32 0.29
I 10% 1n 12 13 14 15 16 17 18
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 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 83 |14 5 25 (11 6 16 s 211 S 2 7|24 43 13|18 27 13 9 10 9 3 1 6
c 1 0 111 ‘6 14 [S0 65 35 4 2 8 7 3 7|47 38 49 |57 48 58 |30 22 38 |79 94 62
D 3 1 6 (29 21 34 |12 4 18 g 710 8 2 14 2 1 2|41 57 29 3 2 5
E - - - 3 0 S |38 15 50 |14 13 15 - - -1[10 6 12 1 0 3
DISC 0.47 0.4l 0.36 0.40 0.62 o.uy 0.14 0.35 0,33
Q.10 A - correct B - incorrect C - no attempt
TABLE I contd..
19 20 21 22 23 24 25 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 1l 6|16 12 18 5 1 8113 2 20
B 2 0 3|14 7 19 9 7 10{11 8 6 |45 41 48|12 6 17 (52 65 46 (11 10 11|11 7 1%
(o] 9 7 9 3 1 4 S 2 14 2 1 2 6 7 8 6 11110 8 10 |21 15 28} 41 55 26
D 57 67 48 3 2 u| 39 58 26 6 0 10 6 4 81}10 10 13 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 0.50 0.37 0.47 0.31 0.36 0.32 0.u42 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 s1s| 8 113|ue 52 42|85 9% 74 |201222|222018| 6 4 8|16 722
B |13 6 18|44 30 55|29 27 11| 3 2 5|16 12 19|27 15 37 |28 52 12 | 36 32 38
o 4S 71 24 8 4 10 6 6 7 s 110 6 S 10| S0 68 33 |14 6 21{10 7 12
D 8 510 4 3 6|13 9 26 5§ 2 75570 45 8 6 8|3y 29 36|28 51 14
E |19 8 27| 34 62 12 8 6 10 1 0.1 1 1 0 - - =115 7 18 8 210
DISC 0.49 0.61 0.21 0.35 0.38 0.41 o.u41 0.37
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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
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 ¢omplex 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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1

paper. As

stated in the examiner's report, objectives were designated

in terms of the examiner's intention in setting the questions. The four

significant factors accounted for 50% of the variance.? However, these
factors identified the way questions were grouped in terms of the
position on the paper and of content areas covered rather than on
different objectives. Table TI.l1 is of interest as 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
pbssible 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 eigen value criterion of A > 1.0 was taken in this analy§i§ as
larger numbers of students were involved giving greater stability to
correlation values (A, = 5.8, A, = 1.7, A3 = 1.4 and A, = 1.2).

2Typically the inclusion of subscores of multiple-choice questions into
such component analyses was found not to introduce extra factors. Rather
multiple-choice totals would load on factors already present.
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is of the free format questions
ysics Examination 1973 (N=463)
.5 shown.

Question | Objective Factor Loadings Percentage Pgiggg:?ge 100h2
Nunber Intended I 1T 111 TV Mean Deviation
1A (A/B) 0.6 62 25 45
1B A 0.7 81 24 45
1C B 0.7 42 32 54
1D C 0.5 31 33 35
2A A 0.6 52 36 51
2B B 0.6 31 29 49
2C (A/B) 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 .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
5a (A/C) 0.5 62 24 40
5B D 0.5 39 31 32
5C C 0.6 46 39 47
5D D .7 44 30. 61
S5E (A/B/C) .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.’ 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."

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.1l
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).° Correlations of the total score on each objective

with the Scholarship total derived from all eight papers sat showed

*an eigen value criterion A > 1.0 was used (A, = 3.9, A, = 1.6).

I’Bursary total is the total mark in five different subjects at the
Bursary level. Scholarship total is the Bursary total plus the total
mark in Scholarship papers in three subjects selected from those sat

at Bursary level.

5A 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.

. . . Equivalent | Factor Loadings Percentage
e s A el

(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) 0.5 49 26 32
4, 5, 9,28 B II(Aa) 0.5 45 26 28
6,14,25,34 B II(B) 0.6 49 26 46

Part II{
1, 2,19,20 B I1(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 50 " s 73
4B D IV(E) 0.8 31 . 31 63
Part I { 4c D IV(A) 0.8 80 50 71
5B D IV(B) 39 31 13
\ 5D D IV (C) 0.5 44 30 28

1s€
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Table I.3 Means, standard deviations, and correlation coefficicents
for all candidates (N = 463) and for the best candidates
(N = 70)
. Mean Standard Deviation
Objective Posfigtzug k .
84b- ar 211 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
. . Scholarships Bursary
Objective Grand Total Grand Total
All Best All Best
A 0.75 0.19 0.68 0.29
B 0.77 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 candidectes 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:

(1)

(ii)

All the Scholarship candidates sat BURSARY PHYSICS (N = 463),
of these all but one sat BURSARY MATHEMATICS. 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, Cbjective B
(particularly related to Objectives II(A) and II(B) of

Table 5.1) is dependent on mathematical ability.

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
questions about which he is confident and from which he

knows marks can be easily obtained. On the other hand,
weaker candidates will attempt ObJjective 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 "capablg"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. 8

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 different objectives. It would be interesting to
know, for example, what predictive wvalidity 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.

®For example, a principal components analysis of the multiple-choice )
subscores from Table I.2 yielded two factors. All loadlngs on factor 2
were less than 0.4 after a Varimax rotation except for Objective III(A)

which was 0.9.
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TYPICAL PRETEST INFORMATION (1971)

URIVERSITY OF WAIXATO

Physics Fducation Analyois

Test Item H F ’ Cox'.rect Arswer 3
Subtest Coumplete Test Complete Tost Completes Tast
Teot Heme :
Eunker of - ]Z(E) g E | F -
Questions in Test [O 53 4{ ; 511
g‘tﬂiitﬁﬂn Teat / 27 4; 3 / | Ej;‘ ! -
Piscrimination O 6[74 0-42 O{o 0-57
Facility 059 0-79 050 057
Totsl | Top | Lower|| Total| Top | Lower]| Total| Top |Lowerli Total| Top |Lover
s g |05 |/ [O0lo |2 |o]o 4 [o0l3
B ¢ |9k |2 10|l |4 |03 [Z2 |0/
¢ |60 (30|79 |35 /2|7 |17 | 6 1z |30 |12] L |
v (0135 |2 lolz |2 |el/ |4 |2 3
r glol3 |3 i0l/ |8 |ajof2 ola
- Applicability/relevance
Suggested Applicubzility Input ﬂ Output : L—D very
FPace validity g([?)] 6 . 7 73100 735.102 [_B—_} adsquate
Content Relevance l A A ’ r_c_—] if really mecessary
HF1 The rate of flow of heat (R) through a metel bar depen&;;n the radius of

the bar (r), the length of the bar (1), and the difference in temperature between
its ends. (Tp - T1).

A student investigates the rate of heat flow through a bar and obtains the
following results:

R (joule s71) (m) 1(a)
4 2 x 1072 1.0
8 2 x 10°2 1.0
12 2 x 10~2 1.0
16 4 x 1072 1.0
36 6 x 1072 1.0
2 2 x 10-2 2.0
1 2 x 10-2 4.0
From these results we would conclude thet R
A) T, - T 5) r21
r21 Tz = T1
r) (T - T,) g UTp - T,)
2 2
1 r

T, - 4 (K)

[NV I VR ]

is proportional to,
27 )

T3t~ ™

c)

ANPWEL oovve
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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.
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Stics (input assessment)
i C nitive ita .
{i) Cogritive items (all cbjectives except V(C) and VI)
) . : 1973 i1j e
object Test 3 1974 M.C. Facilit Di. imi
J ive Part Question Question Conte Y (Piscrimination)
Number onsent
Number * & March March Oct 1974
1973 1974 N=193
N=101 N=87 In Schools
I(D) I 18 "
1
Do : | sen | e
9 30(38
I 16 ig F 59(30) | 59(27) 53(302
1(c) 1I 11 1 ; O B o043
I 17 T W 37(44) | 43(32) 41(13)
I 19 9 F 52(30) | 59(64) 55(64)
1 3s e W 22( 0) | 70(23)* 61(36)
I(B)/1(C) B 28(11) " vty | 2022 e
Addittional c - 1 2;(1) W 26(37) | 34(41) 34 (53)
Items c II 9 > M 72(26) | 68(-8) 77( 8)
e 1 : : F 39 (63) 32(55) 33(47)
1) I ; w 44 (52) | 43(50) 40 (26)
} I 10 7 M 54 (26) | 52(32) 37(40)
1 18 ig F 65(41) | 70(23) 61(43)
I 20 26 W 54 (19) | 55(45) 42(53)
1) I ) W 35(48) 34 (50) 42(62)
Hold |2 | | aminm ) nee
I 41) 38 (45)
II ;i ;g M 26 (30) | 27(36) 34(42)
o F 37(22) | 30(23) 27(43)
ii 2 5 F 13(19) | 25(14) * 29(32)
I 04 8 M 42(26) 55(45) 35(28)
i 24 M 28(26) 34(32) 24(17)
. 27 27 W 33(22) | 48(41) 45(42)
II1(a) ii 12 6 M 22(30) 30(59) 21(08)
i > 12 F 43(41) | 50(36) 53(38)
- 22 w 52(44) | 59(64) 45(49)
N 26 26 M 19(30) | 43(50) 24(28)
i 1i 2. M 30(30) | 43(68) 43(57)
I 15 12 F 17(26) | 41(18) 32(30)
I 19 1 24(26) | 30(41) 25(28)
22 22 W 35(41) | 32(45) 35(36)
II
I(C) ii 13 3 g 43(-3) | 59(45) 53(2€)
I 1 13 F 61(26) | 66(32) 65(28)
o 14 F 56 (30) | 68(45) 58(25)
oy ¢ 23 23 w 15(11) | 16(05) 26 (23)
V(A) (1) I 5 6 GEN
(15) % lg(a) 14 (a) GEN
7 GEN
X 13(b) 14 (b) GEN
IV(B) 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(23)
I 23 23 GEN 17(11) | 52(32)* 46 (25)
IV(E) I 1 3 GEN 46 (11) | 52(50) 64(53)
§ 25 23 GEN 42(67) 41(39) 50(55)
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) I1I(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(47) 64(57)
. I11(B) 6 6 GEN 46 (68) | 31(50) 32(53)
III(B) 4 4 GEN 68(40) | 70(41) 73(43)
III(B) 7 7 GEN 54 (60) | 58(G6) 51(53)
IXII(B) 8 8 GEN 24(48) | 22(31) 21(42)
respect to

* Some questions were modified usually to improve face validity with
physics or the objective it was designed to measure.

F - fields,

** M - mechanics,

R

W - waves.

Discrimination index over all M.C. questions, 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 Test Part Questions March 1973, March 1974, October 1974 (Schools)
v(cC) III(B) 3, 8, 13, 18, .22, 26, 30, 33, [35]
VI (A) III(B) [23, s, 7, 11, 16, 19, 24, 27, 31
VI (B) I111(B) 4, $, 12, 15, 20, 23, 28, 34, (36}
VI (C) III(B) (r3, e, 10, 14, 17, 21, 25, 29, 32

[ ) items not included in total score.

(iii) Content arcas (objectives I - III only)

Content Test Part March 1973 March 1974, October 1974 (Schools)
Mechanics I 3, 4 2, 5
IX 1, 2, 3, 6, 7, 8,16,24,25,26 1, 3, 6, 7, 8, 9,16,24,25,26
Fields 1 9,11,16 10,12,17
I 5, 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 4,11,18,19,20,22,23,27,28 4,11,18,19,20,22,23,27
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K.2 Part 1 Experimental Physics

UNIVERSITY OF WAIKATO

73.102 Experimental Physics

INTRODUCTORY TEST

The following question are designed to test your background
knowledge of those aspects of physics particularly related to
this course (PART A), 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
background 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).

NaQMeeeeeoeosososesossasvssnnsssssocsss
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1, A.transverse wave is moving in the positive x direction. The
dlsylgcement of the medium is v and the diagram shows the
position of the wave at time t = 0.

Y

AN O\
N4

X

0f the following graphs, which one best represents the vari-
ation with time of the displacement of the point in the medium
at pP?

~

~

>@
>@

/ \/ \/ N ARGWET e evvnene.

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 = 2ﬂ//§

the period of the pendulum is calculated as 2.00s.
(note: g = =©?

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
T = oon /L
=T

. :
C. as X~ = 1.007, the assumption that g = n? is

not warranted.

D. experimental error has resulted in a value for
the period which is too high.

E. the formula T = 2ﬂ¢/§ does not really apply in
the situation described. ANSWET e eeaesns
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This data refers to questions 3 and 4

Water is kept at a constant heipght in a tank. l‘eter flows

from the tank through a nurber of horizcntal tuses of N
different lengths and cross-secticnal areas .hcig tutes
are all attached to the tank at the sare }eve;. 1-ng volure
of water that flows from each c¢f these tules In 1 ninute
(the flow rate) is recorded in the following table:-

Length of tube Cross-sectional Flow rate
L area of tube S \'
10 cm 0.010 cm? 90 cn3/nin
20 " 0.010 " 45 "
30 " 0.010 " 30 "
30 " 0.020 " 120 "
30 " 0.030 " 270 n

Which of the following graphs would be the most useful in
predicting the flow rates from tubes of various lengths,
all of cross-sectional area 0.010 cm?, and all at this
same level in the tank?

A.  V against L B. V against % C. V against L2

D. V against %2 E. V against l3
L : L
Answer........

Which of the following graphs would be the most useful in
preg}ctlzg the flow rates from tubes of different cross-
Sectional areas all of length 30 cm is sarm
Tevel im the tony g > and all at this same

A, V against s B. V against 1 C. V against 1
S et 32

D. V against S2 E. V against s3
Answver........

A particle moves along the x i i
t \ : ‘=dX1s and its positj S
?gnctlgg of time is represented by x = A sgn (Eior ;§ 2
wiflgge bgitthe bParticle over 4 sufficiently long tim; interval
1 ‘ Tepresented by which of the following diagrars?

Y4 YT

®

ANSWEr ., e roren?
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The following data refers to question § - 9

Read the complete set of questions 6 - 9 before attempting to
answer any question.

A long thin tube of clear glass has one end enclosed in a small
steﬁl poxa The other end is sealed and appears to have a coat
of "paint” on it. Electrical power is supplied to the box by

a lead which plugs into the main and a switch is provided on
the side of the box.

Clear gloss tube Painted end
‘ Spot

BSwitch (
ower\eﬂd

;;;;;:::::= Steel box

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.

A number of suggestions 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

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 consists of
electrons? (Outline of method only (no practical details).)
Predict what would happen in your investigation if the beam
is in fact electrons. (Very brief details one line only.)

(i) MethOd:......-..o...o-.o......;-.........................

(ii) Prediction if beam €leCtrONSi.sseccescacsccscsssacccsccns

Give very brief practical details of how you would carry out
the electron beam investigation.

y ) seceeesec oot
...........,..........‘oo.ooqocQooooooootnooncac

LIC I U BE B ) o...oooo.ooco.o.-o0oooQoODOOCCOOOOCC000'0.'.'."00"0
.

If your prediction was in fact true, would this prove the beam

was electrons?
....Q.......

.
ce0 0000000 000000
oocoooo.oooooo.ono-uoooo.o.o.o.oo ;

se e e e ee o s e
eo 000000 00
oonoooo.ooo.ooooo..Qo.o..oooao
S e 0a e e g



C. circuit and the

. voltage across a component in an A.
0. T emt o rded simultaneously

current through the component are reco
on a chart recorder.
,\

\ /e——Vohoge

B \/ \/ S o

een the current and the voltage
h of the following rotating vector

A

The phase relationship betw
is best represented by whic
(phasor) diagrams.

G~ G G G

©

ANSwer. ...

11. An experlmental set-up to investigate standing waves in a
s?rlng_con31sts of a weight, frictionless pulley, string and
vibrating strip (as shown below). The f“equency,of the
vibrator is 100 Hz, and the weight, W, is adjusted to
produce standlng waves, as shown. The wavelengtﬁ of these
waves is given by the distance IK = JL = etc.

Vibrating strip

Experlmentally, thé most ac

would be obtained from meascurate value for the wavelength

urements of the distance,

A, IL
B. HL
C. IM
D. HM
E. JX

C ANSWer. .. o000
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12. "The electric field between two charged Daralléimblates is
given by the equation V = Ed where V is the potential between

t@e plates and d is the distance between them. The electric

field between the plates is shown in the figure'".

5.
>

>
>
>

>

The above description of the electric field between two charged
parallel plates is actually,

A. quite correct.

B. always a good approximation.

c. gometimes a good approximation.
D. quitc incorrect.

ANswer.. ...

13. Two quantities are expected to vary according to the law

tants. It is decided
= xxN where k and n are unknown cons
¥o 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. the y values are equally spaced.

E. the values are concentrated near the origin.

Answer....ecee



The following data refers to questions 14, 1S5 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 %nvgnted
some very small sources which give out a strange radfftxon
of wavelength 5 cm, travelling at a speed of 1000m s~ .

14. 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.

light - speed much greater and wavelength much smaller

e.g.
than given data.

Write down up to three types of radiation that you know of
(waves or particles) and state in what way their properties
are inconsistent (or consistent) with the data given.

of properties to given data

Type of radiation Comparison

i)
l)eseoccecssscssssce © © 60 060600 00 5006060 000000000000 00000000000

ii)oaoc.'o.o.’.’. ® 8 & 500200 000 OSSO 0 e e e s0 eI

ooo)
111 e 000000000900 ® 08 0560060006000 00000000 0000 0er00 000000000

15. A physicist reading the paper sa " i

A . e ys "It all seems highl
1mprobable,'but I am going to get some of the lampsgang check

ghe author's statement." Providing suitable sources and
etectors were available, suggest a simple method for checking
:ggio€§er of(gagn;tude of the speed and wavelength of the

ation. ri i i i - i

Rt S ef outline only - diagramatic explanation

(i) Wavelength.ouewueeuunenunnnnns

.'00.0‘&.0.l.‘o.'lt'..ocoo'.'t‘."
‘tooooooo‘oooo.o'ooo-c...;.-..ooov‘
(ii)

ii Speed 000.00.00-;0.00....000‘
...'OIO.'.O$OO‘§OOOOO.Q...’Q.DOOOO‘

® % 090 00 0
.‘0..00.0..oooboo..sso.'ob‘

15. The physicist obtains
some of S
wavelength and speed of %he rag?gtigmpo
He obtains the order of magnitude va?ug

and checks the

Wavel = -7
ength = 1077n Speed = 103y g-t
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7, . .
1 In a certain region of space, the electric potential V at a

distance x

from a plane is represented by the graph below.
M

The relationship between
v and the electric field
E is given by

-dv

E = Ix

The graph which best represents the corresponding.values of
the electric field E with distance x is

E4 <:>

@ ® 1 © 9 ©

X X X ;

ANSWeXr. .o oo oo

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 Q
v) ° |
l | 7
? | | | o
| 'l | | ! © _ Current(l)
o L I I3 I4 Is ls

It is decided that there are insufficient measurements to

clarify the relatioriship betw

current.

be desirable to choose additiona

variable,
A.
B.
C.
D.
E.

een potential difference and
e to be taken it would probably

If e readings ar :
Tor g 1 values of the independent

I’
equally spaced between I, and TIs.
equally spaced between I, and I,.

mainly concentrated near I, and TI¢.

mainly concentrated near Ias.

andomly within the range I, to Is.

chosen r ANSwer......



19. The principle of superposition for waves only applies provided

wave motions are polarized in the same plane.

A. the

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.

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 (%), and the

difference in temperature between its ends (T, - T.i).

In an investigation of the rate of heat flow through the bar
the following results are obtained.

R(joule s=1) r(m) £(m) T, -~ T,(K)
y 2 x 1072 1.0 2
8 2 x 10-%] 1.0 y
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-*| 2.0 2
1 2 x 1021 4,0 2

These results suggest that R is proportional to,

2. 2
A, il Ti) g %?gfﬁfT c. (T; - To)
D. r(T, = T,) E 2(T, - T,)
E! . ——-I—\—f——

21. ??g pgﬁential difference ACross a resistor is to be calculated
r m e values of tbe resistance, R, of the resistor d
the current, I, passing through it, (Vv = RI) } an
The values are, R = 5,0 % 0.1 ohm
I=2.0%090.1 ampere

The potential dif ference, V, should be qQuoted as

V =z 10.0 + 1 .
or uncertainty. The correc de fop 3’ Ohere z is the error
which of the following valugszalue for z would be closest to

A, 0.1 volt
B. 0.2 volt
C. 0.7 volt
D. 0.9 voit
E. 1.0 volt,

Answer........
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22, In developing his theory of the hydrogen atom, Bohr had to
make a number of assumptions. To develop the formula

. =chR . .
E, = —hT theoretically (where Eh 1s the electron energy, and
n is an integer) which of the following assumptions is not
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 5
e
D. Gravitational forces are negligible compared to

electrical forces.

E. The force on the electron is central.
Answer......

23. A spring is extended by applying a force to one end. The
other end is fixed. The following total length versus force
data was obtained by a student who wishes to determine the
spring constant, k.

Note: spring constant k is given by

x = Force
~ Length of spring extension

Force (N) Total length (m)

(4] 0.10

2 0.26

y 0.u0

6 0.75

8 0.71

If you had collected the above data you would next, probably

A. calculate k directly from these results to be
8 -1
6T N m™" .

B. draw a graph and calculate k forthwith as the data
seems reasonable.

c. check some of the readings again, as the data
is not self-consistent.

i : i ly, as
D. check the first and the last reading only,
these readings will be used to determine k.

ANSwWer..ccce0

/contd. ..



24, The equation y = 2A sin kx cost wt represents,

A. a standing wave of frequency ;1?

B. a single progressive wave of wavelength \ = -2)-(1

c. a single wave progressing with velocity ;—%
D. a standing wave of frequency ;?

E. a single wave progressing with velocity E .

Answer........
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K.3 Part IB Aptitude Tests

PAR?

1]

Hm . [ ] L] * L3 L o L] L . L] . L d . L3

(i) APSTRACT

-

NSTRUCTIONS

In this test you will see rows of designs or fieures like those on this page. Each row is a problem. You are
to mark your answers as shown 1n the samples beiow.

Each row consists ot four figures called Problem Figures and five called Answer Figures. The four Problem

Figures make a series. You are to find out which one of the Answer Figures would be the next, or the fifth one
in the series.

Example X.

PROBLEM FIGURES ANSWER FIGURES ANSWER
: r_ i ' ! 0

s N ] e
I | l A B C o] E

Note that the lines in the Problem Figuras are falling down. In the first square the line stands straight up,
and 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 yvour Answer by filling in the little space ( D. )
PROBILEM FIGURES ANSWER FIGURES ANSWER
S, - ' —_—
; f e © | .
t ° 1 @ ‘ | . e : el i ( )
: Q ! ! @ i !
| | | S ! | j

A =] = =] E

Study the position of the black dot. Note that it keeps moving around the squar.e clockwise: up)per le.ft
corner, upper right corner, lower right 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.
Work 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.



ANSWER

ANSWER FIGURES

PROBLEM TFIGURES

GO OM TO THE NEXT PAGE.

@4_ 1@ ﬁ..m-_c R EE e
OF @ (= P [} [
1O 1B L) 0 |
OF Q8 13 L LIF Loy [+
13 QL (82| c] |
BINC BN R
(1O SE [ [
(0 1 LB |3-2] [y (O =0



1C.

1.

12,

13,

14,

15.

16,

17.

PROBLEM FIGURES

':' :j
IIH'L. O

—
I
—

ODoo| 000 | ods | O

ANSWER FIGURES

= 1] g
X @g i OC:OOEO
R
[alolae)E

0O on

|
1NN
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ANSWER
( )
( )
( )
( )
( )
( )
( )

( )
( )

GO ON TO THE NEXT PAGE.



18,

19,

20,

21,

22.

23,

2k,

25.

26.

27,

PROBLEM FIGURES

0| T 10 T
JI e | A
2R

=

/ 7N |7 N\ | Z/\
| NN/

7 ) & A Q

|/ | A A/A

ANSWER FIGURES

[“5”‘5‘555{‘ 2ooo
0a DEO C]C]DD{A ng
T e ]
T T
T s LT
C | .U" L
g 0| a8 g
BEBEEE
N 7 e e B
AT b
34,38 38
. —
TODICTT
ORI
L
aw VNIDIVsle>
ANVAN VAN VAN N

GO ON TO THE NEXT PAGE.

ANSWER

)



PROBLEM FIGURES

| x 'e) m
! o x| tojlo Y
f
- | 0T A/
30, O -
O Oj ¢ (|l vv|o o

A

32,

> D

.......

34,

.......

35, =

%

36,

R NAR R

37

STOP. YOU MAY CHECK YOUR WORK ON THIS TEST. DO NO

ANSWER FIGURES
| 0,0 O |00 |se |v
8 c ° €

BRIDIA
21 s Pk Y
OVIOIO]k
OIOPPAS

QNS S =
L-ABCDE
Sl=|0 % | U

-5 -

T TURN TO ANY OTHER TEST.
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ANSWER
( )
( )
( )
( )
( )
( )
( )
( )
( )
( )






368

DO NOT TURN TIE PAGE

Wait for further instructions



(i1) SPACE

This test consists of 40 patterns which can be folded into figures. For each pattern, four figures are shown,
You are to decide which one of these figures can be made from the pattern shown. The pattern always shows

the outside of the figure. Here is an example:

Example X. ANSYER

=H oo

A 8 C 0

WhiCh one of these four figures -— A, B, C, D, — can be made from the pattecn in Exampie X? Aand B
certamly cannot be made; they are not the right shape. C is correct both in shape and size. You cannot makeD
from this pattern. Therefore, C is the answer, and you would mark your Answer (C)

— In the test there will always be a row of four figures {ollowing each pattern.

— In every row there is only one correct figure.

" ;\Iow looli a; the pattern for Example Y and the four choices for it. Note that when the pattern is foldea'
¢ ethgubr:)z must fave thr?e gray sux:faces. Two of thcfe will be large surfaces either of which 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.
ANSHER
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Notice — all the figures made from this pattern are correct in shape, but the sides which you sce are
different. One of these 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, and you would mark your Answer ( D)

Remember 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.

Work as rapidly and as accurately as you can. If you are not sure
of an answer, mark the choice which is your best guess.

D DO SO.
DO NOT TURN THE PAGE UNTIL YOU ARE TOLD TO



(ii) SPACE

This test consists of 40 patterns which can be folded into figures. For each pattern, four figures are shown,
You are to decide which one of these figures can be made from the pattern shown. Tie pattern always shows
the outside of the figure. Here is an example:

Example X. ANSUTR

Hooaed

A 8 C 0 J

Which one of these four figures -— A, B, C, D, — can be made from the pattecn in Example X? A and B
certainly cannot be made; they are not the right shape. C is correct both in shape and size. You cannot make D
from this pattern. Therefore, C is the answer, and you would mark your Answer (C)

— In the test there will always be a row of four figures {ollowing 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 surfaces either of which could be the top
or the bottom of 2 box. The other is a small surface which would be one end of the box

Example Y.
ANSHER
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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 these 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, and you would mark your Answer (D)

Remember 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.

Work 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.



ANSWER

E f \
‘.\"
@

—~
~—r

()

¢

C D

- 10 -

GO ON TO THE NEXT PAGE
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CREtE

Voo
L,
T

ANSWER

( )

- 11 -

GO ON TO THE NEXT PAGE.



1,

12.

13,

14,

15,

ANSHER

( )
A 8 C 2]
3 ( )
\\-\
N
Tr A ] C 0
r_l
- TN O, )
J i j/ :

GO ON TO THE NEXT PAGE.

- 12 -
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ANSWER

SR

«
[

o RN

b

GO ON TO THE NEXT PAGE.



NSWER

(V)

L ,;.w.,r.pr

T R

21

22+

23,

2h.

GO ON TO THE NEXT PAGE.

- 14 O



26+

27

28.

29.

30,

372

ANSWER




31

3,

33,

34,

35

ANSWER

b s it s =,

SN

. 16 GO ON TO THE NEXT PAGE



37.

}8.

39.

Lo .

373

ANSWER

STOP. YOU MAY CHECK

YOUR WORK ON THIS TEST. DO

NOT TURN TO ANY OTHER TEST.

- 17 -
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K.4 Part II Theoretical Physics

UNIVERSITY OF WAIKATO

73.101 Physics Test 1

Background Knowledge and Familiarization Test

Name: ® 0 0 00 s0 0000000000000

In answering the following questions reference can be
made to the text "Physiecs" (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 attempt all questions without the aid of your textbook.

If necessary an intelligent guess as a last resort is
considered warranted, however, particularly as this test does
not count toward the final result, purely random guessing is
discouraged. Leave the space blank if you have no idea
whatever.

There are twenty-seven questions to attempt in 55 minutes.
Few questions require detailed algebraic or numerical manipu-
lation. Do not spend too long on any one question.
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1. Egiegéggram(izg:i }wo m:isei, which collide at X and stick
4 . T romn e ‘
forces are proemetd orces between the masses, no other

\
AN
AN
®‘2 kg,3ms™

AN

457 '\

—>X

45°\, 7
7/

7

7
4
61] kg, 6ms™!

Which of the following statements about momentum is true
for this collision?

A. The sum of magnitudes 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.

Answer......

2. If the pattern shown represents
a magnetic field what would
happen to a stationary electron
placed at point P?

; A. It would move upward in a
Ma§22§;c straight path.

B. It would move downward in
a straight path.

c It would move counter clockwise in a circular path.

D. It would move clockwise in a circular path.

E. It would not move. AnsSwer......



4,

The relationship F = ma (where P.is the fqrge on a particlg
with mass m and acceleration a) is very similar, at least in

form, to T =

Ia (where T is the torque on a particle, with

moment of inertia I and angular acceleration a, all with
respect to the same axis or point).

The similarity of these two formulae is,

A.

B.

c.

D.

not surprising, as both formulae are
Newton's second law.

coincidental as they are independent

purely coincidental as they apply to
situations.

not surprising, as both formulae are

based on

in theory.

different

really identical.

not surprising, as both formulae follow from

conservation of energy.

Answer......

The energy of an electron according to the Bohr model of the
hydrogen ato? is given by
E = §%§—;- where e is the electron charge and r is the

o

radius of the electron's orbit.

This energy is the electron's,

A.
B.
c.
D.
E.

kinetic energy,

electrostatic potential energy.

kinetic plus electrostatic potential energy.

rest-mass energy.

nuclear plus electrostatic potential energy.

Answer......

A sphere with uniform negative ch i
T ; arge density throughout its
volume has an electric field along a diameter XX, gs shown,

given by E = -bx where

b is a constant and x is the vector 0OP.

A proton (free to move along diameter XX') is released on the

diameter, a distance X

X . o from the centre.
reaches a dlst§nce Xe from the centre (dia
the release point)-after a time T.

What is the dependence of T on x4?

A.
B.
C.
D.
E.

T is independent of xg.

]
Mo

§ pProportional to X9 .

]
He

S pProportiocnal to VXa

T is proportional to xo2

3
o
2]

Proportional to x,*

The proton next
metrically opposite

Release
position

ANSWer..vvenesesns
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8.

9
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"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. correct, as the decreased force of gravity would
affect the pendulum and spring system equally.

B. incorrect, as although the period of the pendulum
would increase,the period of the mass on the spring
would remain the same.

cC. incorrect, as although the period of the pendulum
would increase,the period of the mass on the spring
would actually decrease.

D. incorrect, as although the period of the mass on the
spring would increase,the period of the pendulum
would remain the same.

E. incorrect, as although the period of the mass on the

spring would increase ,the period of the pendulum
would actually decrease.

Answer......

1

A flywheel rotates 200 rad in 4 seconds. If the initi§l
angular velocity was 10 rad s~!, the angular acceleration
(assumed constant) during the 4 second period was,

A. + 20 rad s~? B. + 10 rad s~? C. - 10 rad s~?

D. - 20 rad s~2 E. None of these
. ANSWer..eoeeo.

A cylinder, mass M and radius R, has a.string wrapped around
it. If it is let go it is found‘that 1f a certain tension T
is applied to the string the cylinder qlll.nelther rise nor
fall, as the string unwinds. The tension in the rope will be,

MR M
Ao ‘—7& Bo 'z-lgi T

C. Mg D. 2Mg. Mass, M

k. None of these.

ANSWEr ..o oo

i i _the earth as close as possible to the ]
Qaiiﬁ?;lgﬁifzzgftsAssuming the radius of the satellite's orbit
is equal to the earth's radius R the period of the satellite

will be,

. X %
A. 2«/% B. v/gR C. -2-—1;/_—gR D. 21:/;.

ANSWer..oee..



10.

| I The combined capacitance of
1| the circuit shown will be,
2qu I l A. 36.6uF B. 30uF
| , I C. 1SuF D. 10uF
30uF
l I E. SuF.

Answer......

11. When two waves of the same frequency and amplitude travel

12.

in opposite directions along a string a standing wave 1is
produced. How does the amplitude of this standing wave
vary with position along the string,and time?

A. It is independent of both time and the position.
B. It depends only on time.
c. It depends only on position.

D. It depends on both position and time.
Answer......

"A charged pa?ticle moves in a uniform magnetic field B in a
plan? perQendlcglar to the magnetic field. The path of the
particle 1s a circle radius R and in one revolution the particle
moves a distance 2mR. The force on the particle mass m is

Bqv, where-q is the charge of this particle. The w&rk done by
the magnetic field on the particle per revolution is Bqv x 27mR."

This statement 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

t particle mov i
is not 2uR. _ oves per revolution

E. more than one
- of t R s . .
he above criticisms is correct.

ANsSwer...c..e.
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13. The energy stored in an electric field in a vacuum is given by

the rclationshiP Energy/unit volume = % e,E?, where g4 is a
constant and E is the electric field strength.

Would @t bg reasonable to assume that the energy density of
a gravitational field is given by the relationship

Energy/unit volume = % k g?, where k is a constant and g is
the gravitational field strength?

A. No, because electric and gravitational fields are
quite different.

B. Mo, because gravitational fields do not contain
energy although they are similar to electric fields
in some ways.

c. No, because E and g are defined in quite different
ways.

D. Yes, because electric and gravitational fields are
basically similar.

E. Yes, because the energy density of a magnetic field

. . 1 2
b B“.
18 given Dy fgc Answer......

i too many laws to learn
14. A physics student states that there are R )
inppiysics and most of them can be derived from others. For
example he says, "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."

Which of the following replies shows the best understanding
of physics? .

inciple, the inverse
" e based on the same princip-.e,
A szggzeaﬁaw for electrostatics, but they are useful

> "
in different situations.

: L . - le
+ based on the same physical principle,
B ;§2e{sazgozz forces and the other about fields, and

they are therefore quite separate laws."

tai Coulomb's
rtainly not th? same law. :
¢ zggezsagﬁ gﬁuirica{ (experlmental) law while

3 "
Gauss's Law is purely theory.

's Law
same law at all. Coulomb's
iﬁzecharges but CGauss's Law applies

1 3 well."
d other large charged ObJGCtSAﬁzwer.......

D. “"They are not
applies to po
to spheres an



15

16.

17.

1s8.

—AMA

In the circuit shown the current
through the 62 resistor will be, n
. r—|—n
A. 0.5 A oV == an ‘o
B. 1A : :
lfll I
C. 1.5 A L >
D. 2 A

E. None of these.
ANSWer.eeeecosns

A particle , mass m, charge g, and velocity v, passes through
an electric field, E, and magnetic field B, which are mutually
perpendicular. The particle is undeflected by the combined
fields. It then moves into a region where the electric

field is zero. The radius of the particle in the magnetic
field B will be,

A, am EFFTFEFETFT 5
- Bz /:. T
B. ﬂ%
B%q
C. mB?
Eq
D. mB
Ezq
E. mBq
E? U
- Answer......

A charged capacitor contains potential i

: I -C » energy in the form of
electrlcgl potential energy. If the coil 1s connected to a
perfect inductor, the capacitor will discharge through the
inductor. At the instant when the capactor is first fully

discharged the electrical potent; ;
mainly converted to, p i1al energy will have been

) Pure capacitor
A. heat in the wire of the inductor. j

B. potential energy i . I *1
1 ’Y 1n the m
field around the indUCtoP?gnetlc I
C. potential energy i
3 gy in the el .
field around the inductor;QCtplc Q02090

Pure inductor

D. kKinetic ener £
K . gy of the elec
in the inductor, frons
Answer.....e
The speed gf sound in air is 339 m s=!
?owar@ a.flre station at 30 n s—! CThe
1s emitting a so 3
The sound hearp

Th A person is moving

und of frequenc e siren on the station
2 y 330 Hz . .

d by the person will be and there is no wind.

b
A, i

unobtainable from the information given B. 300 Hz
C. 330 Hz bp. 350 Hz g, 386 Hz.

Answer.....o¢



19.

20.

21.

22.

378

Light is incidgnt on a flat surface of glass, as shown. The
reflected ray is viewed through a piece of polaroid which can
be rotated about an axis in the direction of the beam. When

?his is done the observer is most likely to notice that the
intensity of light,

A. is zero for all positions.
B. remains constant but is less /<j
than the incident intensity.
. . laroid
C. remains constant and equal Po
to the incident intensity.
D. varies from a low value to

a high value.

Glass

ANSWEr s ¢ o soccees

i i 16 is incident on a metal
Ultraviolet light of frequency 10 Hz is inci
surface and electrons are ejected from the metal. The work )
function of the metal is & X 10-'°J and Planck's constant is
6.63 x 10-%*Js. The maximum kinetic energy of the ejected
electrons is, .

A. zero B. 5 x 10-19Jg c. 1.8 x 10718g

p. 6.1 x 10-18J E. 1.6 x 107177 Answer......

i jeased from rest a distance
i harge -q of mass m 1s Té€ r .
ggp¥;2; g fiied goint charge +Q. Tge charge -q will reach a
point distance d, from +Q with speed,

1 _1,)*%
A [ @y - a0 ] B'[’z%%;ﬁ 4, - 1)
meEOM

%
dy - d»
E_Q_ % D. [.jhl__ . _A______J
c. TE, (a2 - d1) 2TE M a2

ANsSwWer...e..

3 . . ?
Which of the following statements 1s incorrect

A The concept of photons is necessary to explain the
) photoelectric gffect.

B All photons travel at the same velocity in a vacuum.

c Photons have energies which depend on their wavelength.
. o

i :ons like particles and
in some situations
D. Photons behave 1

in other situations like waves.

e electrons from a metal
ong wavelength.
ANSWer..e .o

$11 only l%bgrat
B i?ozﬁzz zzve a sufficiently 1



gen atom showed that the spectral
tom could be explained if it
tum of an electron in a

23. The Bohr theory of the hydro
lines emitted from a hydrogen a
was assumed that the angular momen

hydrogen atom was an integral multiple of iR 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.
Answer......

24, 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 4 times,
B. increase 2 times,
C. decrease by a factor of 2.
D. decrease by a factor of 4.

E. remain the same.
ANsSwer...ceoeos

25. @ mass m is supported by two springs. The end of one spring
1s attached via a long string to a rotating arm so that the

string approximates simple harmonic i -
FORCED OSCILLATIONS in m. t motion and produces

1 Fixed t _ Springs
/’_*er suppor’/,/ ~\\ T
20— m Y0 a0g — —
Smaill friction only Rotating

wheel

If the rotating arm is static

- > a
the oscillating mass is 0.§éo:ary,
rotated at a period of (.15 s )
rotate, then after a lon i
described as being 8 Time,

the natural period of
The rotating wheel is then
If the wheel continues to
the period of m is best

A. greater than 0.20 s.
B. 0.20 s.

C. 0.15 s.

D. less than 0.15 S.

ANSWer...eieseoes
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26. Is the following statement correct?

"The momentum and kinetic

h r energy of a particle moving in
uniform circular m

otion is continually changing."

A. Yes, because the direction of the velocity is

continually 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.

C. Yes, because the direction of the velocity is

continually changing and hence the momentum is
continually changing.

D. No, because the magnitude of the velocity is
constant and hence the kinetic energy is constant.

E. Yes, because the direction of the velocity is

continually changing and hence the kinetic energy
is continually changing.

Answer....;.
27.

20m - — - e — ] | _::::é%'

i wn to scale!) is equipped with radio
2£t2;§22P§ ;ggtx?faZOm apart, which emit elect?omagnet%c
(radio) waves of wavelength 10 metres. The?e is a maximum
signal along the runway. However, it 1s‘St1%1 possible for
an aircraft some distance away to.be flylng.ln another .
straight line along which the radio signal 1s also a pax1m¥m.
The smallest angle between such a line and the direction o
the runway is approximately,

o o °© p. 20° E. 10°
Ao go B' us c. 30 An.SWer‘-ocooo
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K.5 Part IIT Physics Questionnaire

UNIVERSITY OF WAIKATO

Physics Fducation Study Questionnaire

MARCH 197y

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 information you provide will be useful irrespe-
ctive of this) however, we would like to follow your progress 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

LaSt SChOOl:................-..--o...eo-.......... Final Year‘.......
Bursary Physics (if sat).c.ceeeccenonceccnnonas

Bursary Maths (if sat)...cceeneececacoscsanssnne

Living Conditions

(1) Home (with parents or married) Living conditions during

(ii) Bryant Hall term will be.

(iii) Student Village ANSWER-. R R
(iv) Private Board 3
(v) Flatting

What was the highest educational attainment in your family (mother
or father)

(1) some secondary school education (or less)
(ii) school certificate .
1ii 7 form . .
Eii;) géggiary education (teachers college, technical inst. etc)
(v) university education o
(vi) university degree ANSWER. ..
What is your present aim in doing 73.101/73.102
(1) to get something out of the course although I am not really
sure I will be able to pass.
(ii) to just gain a -pass.
(iii) to pass comfortably. N
(iv) to pass with a good mark. .
) to pass with very high marks

ANSWER 73.101.......
73,1020 00un
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PART B

f the following statements is to find your

The purpose O .
Pt ber of things related to physaics.

opinion about a num

There are no "pight" 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 strongly agree with the statement
A - if you agree with the statement
D - if you disazree with +the statement
SD - if you strongly disagree with the statement
N - if you cannot decilde whether you agree or
disagree with the statement.

SA| Al N
1. I sometimes think of a solution to a problem in 1.
physics when I am doing something quite unrelated
to physies.
2. Calculus is not really much use to a physicist. 2.
3. Physicists will never run out of new areas of 3.
investigation.
4, Physics fascinates me. Ly,
5. The use of mathematics in physics tends to make a 5.
relat}vely simple idea in physics seem much more
complicated than it actually is.
6. I often study topics in physics outside the syllabus.|6.
7. I find it very convenient to be able to express 7.
physical ldeas as mathematical equations. ‘
8. There is no place in physics for hunches and guesses.|8.
9, I find the physics we study v uE
intopests. -udy very relevant to my 9.
10. I Sonsider i? a waste of time finding out about the 10
giggitaggzgzleﬁ 12 geophysics, astrophysics or any .
2 3T of physics not di :
Dhysics oource. irectly related to my
11, If mathematical terms were not used in physi ul
subject would be much more enjoy;ble. physics the 11.
12. I find learning physics most enjoyable. 12 T
13. An imaginative and 3 T
become an artist‘orcziizézebsort of person should 13,
physicist. ut certainly not a




14,

15

16.
17,

18,
19!

20.

2,

2,

23,

2,

25,

26,

27,

28,

29,

30,

31,

Nuclear physics is an uninteresting subject which,
if T were free to choose, I would wish to know
nothing about.

Physics is not really important to me.
I find it convenient to use mathematics in physics.

One important reason why I study mathematics is that
I know it will be helpful in understanding physics.

Physics is basically a "finished and dead" subject.

Physics is bound to be more difficult if ideas are
expressed in mathematical terms rather than words.

Physics is an important subject to me as I consider
it such a fundamental science.

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.

In general, physicists find that an answer to a .
problem usually produces at least one other question.

I find physics a most unsatisfying subject.

The precise relationship between physical quantities
is much more obvious if the relationship is expressed
8s a mathematical equation.

T read a wide variety of physics books purely for
interest.

There will be no interestir}g and worthwhile investi-
gations left to do in physics by the year 2001.

I find mathematics of considerable help in solving
problems in physics.

Physics is a very satisfying subject to study.

i i ticles in
I hardly ever read the physical science ar
Popularymagazines, for example "Time" or the local
newspaper.

i i 1 satisfy-
Physicists find that their subject 1is very
ing because it provides plenty of opportunity for
creativity.

I find it hard to understand ideas in physics if

: ions.
these ideas are expressed as mathematical equatio

381

SA

N

SO

ik,

1s5.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26‘

27.

28,

29.

30.

31‘
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SA| Al N{ D

32. I never study physics except just before a test or 32.

exam.
33. Physicists have had some of.their most.cherished 33.

ideas shattered by discoveries in Physics.
34. The physics we study is not relevant to my particular|34.

interests.
35. Scientific processes lead to absolute truth. 35.
36. Physics is one of the least important subjects I 36.

study.

PART C

The following 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 1is
not strong and some of the ideas a little strange, sufficient infor-
mation is provided within the question for you to make a reasonable
attempt at it.

1. When new evidence that does not fit into a well established
scientific theory appears, which one of the follocwing 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 new evidence.
Answer...coocase
2. If an astronomer is asked to explain why some stars vary in

their apparent brightness, he will most likely give his
explanation in terms of >

A. the logical necessity for some st var
in brightness. y ars at least to y

B, verified astronomical data.
c. precise mathematical formulae and equations.
D. accepted scientific laws and principles.

E. the theory of the expanding universe.
ANSWer.eseossoer
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A long string is attached to a vibrati
in S.H.M.

) dccording to the mathematica
This produces a wave in the string whi
matically as

ng block which is moving
1l equation 0.01 sin 8t.
ch is described mathe-

y = 0.01 sin (8t - 120x%)

This describes a wave of constant amplitude, however, in fact,
the amplitude of the wave actually decreases slightly as x,

the distance from the block, increases. The mathematical

equation «dbove which is used to describe the wave in the
string is best described as

A. incorrect B. an assumption C. a generalisation

D. an idealisation E. an hypothesis.

ANSWer ..c.eee...

A research physicist working in the field'of high energy
dynamics, observes that in a nuclear particle interaction
neither momentum nor total energy is conserved. He sqspects i

a third particle must have been present, and he thef?fore assigns
a given momentum and energy to the hypothetical particle, in an
effort to make the final total energy and momentum conform to

the conservation laws. Is such an action scientifically accept-
able?

. . . 3 * hen
rovided that an investigation was t ;
A iﬁzérgaken to try and detect the third particle,.

i s for assuming that
. o, because there 1s no reason %
B zo;servation of momentum or total energy will apply
in this case.

C No, because there.is no reason Ybatever for assuming
) the undetected third particle exists. .

D Yes, because there is no reason to doubt the existence
. of the third particle. . .

E: No, because scientists do not make guesses involving

hypothetical ideas.

Answer..c.coc...



The following data applies to questions § - 7

Ernest Rutherford at the beginning of th%s century made many
measurements in the deflection of a-partlc}es by thin foils.
Rutherford worked with thin metal foils which he bombarded
with a-particles from radio active polonium.

THIN
FOIL

1
_—

POLONIUM
SOURCE

DEFLECTION ANGLE ¢

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 suggested that his results were explainable
if the atom was considered primarily 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 situation, Rutherford's
l1deas about the nucleus resulted in a prediction that
the number of particles per second, N, scattered through

any deflection, ¢, would be Proportional to L
sin® %
In predicting the relationship N « 1 s Rutherford
sin® %

assgmed that Coulomb'§ Law about forces between charges would
8pply at very small distances for which it had never been tested

before.

A.

B,

Was this assumption reasonable?

Yes, such an assumpti j 1 fd
nption was perfectl ustifiable
as Coulombdb's Law is g basic law of pgygics.

ig;it:iiCoulombfs Law does not explicitly state any
ons as to the distance between charges,

Rutherford was co S : .
assumption. mpletely Justified in his

Egz,tgshéidwas not unreasonable to expect Coulomb's
. at small dlstanges and as there was no

Yes, C ! i

abo&t ?gigzg g Law is baseq On experimental evidence

hold fou oo dgfween charges and therefore it must
Y distance whatever between charges.

Answeroaov"".’
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Rutherford was able to predict the number of particles scattered
th?ough any angle by assuming the nucleus was a point charge.
This statement about the size of the nucleus i ’

s
A. an idealisation. B. a generalisation.
C. a prediction. D. an experimental observation.

E. a definition.
ANSWer . eeeesescoone

Rutherford's initial ideas about the atom lead to a prediction
which could be checked experimentally. Which of the following
opinions abcut Rutherford's method of investigation shows the
best understanding of scientific methods.

A. Scientific ideas should not really be used to make
predictions.
B. Scientific ideas are most useful if they make

predictions.

cC. 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 using 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. :

ANSWEY ceveecssoecs

The visible spectral lines of hydrogen are given . experimentally

. 1 7 (& L —
tion % = 1.08677 x 107 (f - =2) I
by the equation ¥ N7 Yhere n = 3,4,5

A theory was developed by Bohr which predicted that the
spectral lines of hydrogen are given by the equation

1 1
% = 1.09737 x 107 (f - 7o) ——II

On comparing equation I and II it would appear that

A there is complete agreement between experimental
observation and theory.

B there is a slight discrepancy between theory and
. experiment but it is best ignored.

: ' i he theory to
£ should be made to modify t
¢ ?gtatgzmgxperimental results more closely.

is so close to the experimental value
P ?i §280§3§ZSZ that the experimental results are

slightly incorrect.
ANSWer'scceevocees

.....ovc.oo.cl',

NAbE .ooooooo-..ooou.



The following data applies to questions S - 7

Ernest Rutherford at the beginning of this century made many
measurements in the deflection of a-Qartlc}es by thin foils.
Rutherford worked with thin metal foils which he bombarded

with a-particles from radio active polonium.

THIN
— FOIL -
] DEFLECTION ANGLE ¢
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.

(1) Rutherford suggested that his results were explainable
if the atom was considered primarily 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 situation, 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 3
SJ..II~ 7
5. In predicting the relationship N « —r » Rutherford
sin® %

assumed that Coulomb'§ Law about forces between charges would
apply at very small distances for which it had never been tested
before. Was this assumption reasonable?

A. Yes, such an assumption was perfectly justifiable
as Coulomb's Law is a basic law of physics.
B, Yes, as Coulomb's Law does not explicitly state any

limitations as to the distance betwecen charges,
Rutherfgrd Wwas completely justified in his
assumption.

c. Ees, as it was not unreasonable to expect Coulomb's
eé?dgo ho%d iﬁ small distances and as there was no
; ence to € contrary this as 1 e
Sustifionis 3 sumption seemed
D. in&tC§ulom?’s Law is based on experimental evidence
hold £ orces bgtween charges and therefore it must
Or any distance whatever between charges.

ANSwer..csceeees
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A e~ 3
iﬁigﬁrio::nwfa ?blswto predict the number of particles scattered
rough onyy angle by assuming the nucleus was a point charge.
This statcment about the size of the nucleus is ’

A. an idealisatiorn. B. a generalisation.

C. a prediction. D. an experimental observation.

E. a definition.
ANSWer..ciceeeccens

Rutherford's initial ideac about the atom lead to a prediction
which coull he checked experimentally. Which of the following
opinions abecut Rutherford's method of investigation shows the
best understanding 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 using his initial results to invent a model, or
theory, of atomic structure. )

E. As Rutherford's initial ideas were based on experi-
mental cvidence, there was no need to experimentally
check his prediction. :

ANSWEY ceeeccnssse

The visible spectral lines of hydrogen are given . experimentally

. 1 7 1 1
by the equation = = 1.08677 x 107 (F - Z2) —1I
Y d A 4 n 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

1 1
)1: = 1.09737 x 107 (F - =2)

On comparing equation I and II it would appear that

A. there is complete agreement between experimental
observation and theory.

B. there is a slight discrepancy between theory and
experiment but it is best ignored.

C. an attempf should be made to modify the theory to
fit the experimental results more closely.

D as the theory is so close to the experimental value
it is obvious that the experi ental results are

slightly incorrect.
ANSWEeIrecocsovccns

NA}E ooooo-oooooooooo.cooooco..ooo'o_
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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.1 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.



L.i Objectives

and multijple-choice summary statis
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(i) Cognitive items

stics (output assessment)

1973 19714 M.C. Facility (Discrimination) ***
Objective | Examination| Questicn Quest:ion | Content** October 1973 October 1974
Nurmber Humber (N = 92) (N = 74)
I(n) 101 C 8 c 7 M 75(15) 82(04)
101 Cc12 Cl0 F 55(57) 52 (35)
101 Cc25 Cc23 W 45(37) 71(42)*
102 c9 C1l M 73(40) 71 (35)
102 cls8 c23 W 67(40) 73(46)
I(B) 101 c18 c17 F 52(70) 52(27)
101 c23 c25 W 53(43) 63(38)
102 C 8 Cclo0 M 62(50) 69(31)
102 c19 c22 W 55(17) 60(50)
102 Cc 3 c27 F 52(43) 48(50)
1(C) 101 c21 Cc19 F 52(47) 52 (50)
101 Cc26 c24 W 40(27) 46 (31)
102 c 7 Cc 8 M 48(37) 56 (42)
1102 Ccl0 Cc13 M 42(30) 52(65)
102 Cc15 cl6 F 55(23) 52(42)
II(A) 101 c 3 Cc 3 M 77(33) 69 (46)
101 C 4 Cc 4 M 87(27) 42(23)*
101 Cc22 c20 F 50(60) 60 (50)
102 c22 c25 W 48(70) 42(38)
102 c27 Cc30 W 53(6G) 52(58)
II(B) 101 c13 c13 F 52(27) 50(54)
101 cle c21 F 52(57) 44 (50)
102 Cl1 c12 M 48(43) 67(42)*
102 c20 Ccl4 W 40(27) 50 (62)
102 c21 c24 W 38(37) 46 (31)
II(C) 101 c 7 Cc 6 M 17(-12) 52(35)*
101 c9 Cc 8 M 38(30) 42(62)
101 c24 c27 W 25(37) 25( 4)
102 Cc 4 c 7 F 30(33) 25(35)
102 cl4 cC9 F 53(47) 62 (31)
101 clo Cll M 43(27) 35(31)
IIT(n) 101 Ccls C15 F 13(13) 21(27)
101 Ccl17 c22 F 20(40) 17(27)
101 c27 C26 W 23(13) 29 (27)
102 c24 Cc26 W 35(50) 46 (54)
101 cl1 c12 M 28(37) 37(35).
I11(B) €26 (102) | €29 (101) W 42(37) 38( 8)
102 Cl6 c19 M 57(47) 67(58)
102 c17 Cc20 F 78(23) 73(38) *
102 Cc28 c29 w 30(33) 35(31)
101 c s c9 M 42(30) 33(12)
111(C) 101 cl4 c14 M 62(10) 56 (-3)
101 Cc20 Cl8 F 60(47) 71 (42)
101 c28 c28 W 25(23) 27(31)
102 cCS Cc5 F 50(53) 69 (23)
102 A 2(b) B10 W
V(A 102 BS B 7 GEN
102 A 1(b) B S M
1102 B 4 A 3(b) W
Iv(B) 102 A2(c) |B11 F
c 102 Al(c) |a1(a) M/F
1v(c) 102 B 6 A 3(a) W
IV (D) 102 A 3(a) A 1(b) F
102 Bll B 6 F
L’r 102 A 2(a) A 3(c) L
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' . 1973 1974 M.C. Facility (Discrimination) **#*
Objective | Examination | Question Question | Content**
Nurber Number October 1973 October 1974
(N = 92) (N = 74)
IV(E) 102 c29 c1 GEN 63(27) 69 (38)
102 C30 c 2 N 48(37) 42(23)
102 c23 C 6 GEN 68(43
(43) 54 (31)
102 Cl2 Cl5 GEN 48(70) 52(88)
102 C25 Cc28 GEN 67(33) 58(54)
IV(F) 102 B 8 A 2(b) M
102 B10O B 9 F
v(a) 101 CcC 6 (o) M 57(33) 52(12)
C29(101) | C17(102) F 62(37) 40( 4)
102 B 9 A 2(c) M
V(B) C 6(101) C30(102) GEN 88(17) 35(15) *
C30(101) Cl8(102) ¥ 55(30) 69 (46)
102 B12 B12 GEN
VII(A) 101 CcC 2 C 1 GEN 65(57) 62(38)
101 Cc 1l Cc 2 GEN 83(20) 75 (50)
102 Cc 2 c 3 GEN 50(53) 52(50) *
102 c 1 C 4 GEN 87(27) 65(31)
102 Cc13 c21 GEN 57(60) 38 (46)
Objective Test Part Question 1973 - 1974

v(C) Questionnaire 3, 8, 13, 18, 22, 26, 30, 33,(35]

B

Bl (2], 5, 7, 11, 16, 19, 24, 27, 31
VI (B) Questionnaire B 4, 9, 12, 15, 20, 23, 28, 34,[36]
VI (C) Questionnaire B | (1), 6, 110, 14, 17, 21, 25, 29, 32

VI(A) Questionnaire

[ ] 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 ¢ | 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 ¢ | 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

* Some modification made from 1973 to 1974 to align question more with teaching and
objective.

«& M - Mechanics, F - Fields, W - Waves.

«x* piscrimination over all M.C. questions including V(A) and V(B) multiple choice.



‘Supplementary 73.101 questions.
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. . e . 1973 1974
Objective | Examination Question Number | Question Number Content
Section B - Short questions
I(a) 101 B 10 B 10 W
I(B) 101 B 7 B 7
I(C) 101 B 6 B 6 M
1I(Rn) 101 B 9 B 9
I1I(B) 101 B 4 B 4 M
(X1 (C) 101 B 12 B 8 W
I11I(n) 101 B 5 B 5 M
III(B) 101 B 8 B 11
III(C) 101 B 11 B 12 W
Section A - Long questions
I - III 101 1 1 M
I - IIX 101 2 2
I - III 101 3 3 W
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L.2 The output questionnaire including attitudinal items, 1974

UNIVERSITY OF WAIKATO

Final Personal Questionnaire

. At the beginning of this year. you were asked about your
aim in taking courses 73.101 and 73.102, and about your
attitude toward asvects 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 changed, please specify which of
the following categories of accommodation applied to you
for the major part of the academic year.
Accommodation
(1) Home (parents or married)
(ii) Bryant Hall Accommodation during
(iii) Student Village the term WaS ceeececscccoccsase
(iv) Private board Accommodation during the
. i iNlY coeeoeenee
(v) Flatting vacations was mainly
2, In MARCH you were asked what was your aim in terms of the
final results for physics courses 73.101/73.102. The options
were

(1) 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 comfortably ~ «ch

(iv) to pass with a good mark ~ (B) .
(v) to pass with very high marks ~ (A)

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.

L

5.‘

11‘

12.
13.

-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. UWhat is wanted

1y

is an opinion which you should give as guickly and as accurate
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 strongly agree with the statement
A - if you agree with the statement
D - if you disagree with the statement

SD - if you strongly disagree with the statement

N - if you cannot decide whether you agree or
disagree with the statement.

SA| A| N| D|SD
I sometimes think of a solution to a problem in 1.
physics when I am doing something quite unrelated
to physics.
Calculus is not really much use to a physicist. 2.
Physicists will never run out of new areas of 3.
investigation.
Physics fascinates me. y,
The use of mgthematics in physics tends to make a 5.
relatively simple idea in physics seem much more
complicated than it actually is. ‘
I often study topics in physics outside the syllabus.|6.
I find it very convenient to be able to express 7.
physical ideas as mathematical equations.
There is no place in physics for hunches and guesses.|8.
I find the physics we study very relevant to my 9
interests. - :
I consider it a waste of time findin ut N
> c " ne 7 out abcocut the R
latest theories in geophysics, astrophysics or angc 10
othep aspect of physics not directly rclated to m
physics course. ny
If mathematical terms were not used i i T
subject would be much more enjoyable%n physics the e
I find learning physics most enjoyable. 12 T
An imaginative and creative sort of pers |
become an artist or writer but c ‘“~?On should 13.
physicist. certainly not a




1.

15.
16.
17.

18.
lgl

20.

21.

22,

23,

24,

25,

26.

217.

28,

29,

30.

31.

quclear physics is an uninteresting subject which,
if I'were free to choose, I would wish to know
nothing about.

Physics is not really important to me.
I find it convericnt to use mathematics in physics.

One important reason why I study mathematics is that
I know.it will be helpful in understanding physics.,

Physics is basically a "finished and dead" subject.

Physics is bound to be more difficult if ideas are
expressed in mathematical terms rather than words.

Physics is an important subject to me as I consider
it such a fundamental science.

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.

In gencral, physicists fird that an answer to a )
problem usually produces at least one other question.

I find physics a most unsatisfying subject.

The precise relationship between Physigal.quantities
is much more obvious if the relationship is eoxpressed
as a mathematical equation.

I read a wide variety of physics books purely for
interest.

There will be no interesting and worthwhile investi-
gations left to do in physics by the year 2001.

I find mathematics of considerable help in solving
problems in physics.

Physics is a very satisfying subject to study.

i i ticles in
I hardly ever read the physical science ar _
popular magazines, for example "Time" or the local
newspaper.

o s . . . . tisfy-
Physicists find that their subject 1s very.ga

iné because it provides plenty of opportunity for
creativity.

i i i i hysics if-
I find it hard to understand ideas 1in ph f
these ideas are expressed as mathematical equations.

-

SAA
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SD|

14,

15.

1s6.

17,

18.

13.

20.

21.

22.

23.

24.

25.

26.

27.

28.

28.

30.

31‘




32.
33.
3.
35.
36.

-4 -

SA SD
I never study physics except just before a test 32
or exam.
Physicists have had some of the@r most‘cherished
ideas shattered by discoveries in Physics 33
The physics we study is not relevant to my 34
particular interests.
Scientific processes lead to absolute truth. 35
Physics is one of the least important subjects 36
I study.

PART C

Since this time last year, would you consider your attitudes,
towards physics as 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 positive

(c) remained the same
(a) more negative

(e) much more negative-

ANSWeY . e i et ettecnens

In general have your physics test marks been higher or lower

than you anticipated in MARCH?

(a) much higher than expected
(b) higher than expected

(c) more or less as expected
(a) lower than expected

(e) much lower than expected

ANSWer...iiieesonnas

In 1975 you will most probably

(a) Major in physies or B.3c.(Tech) in ® i
Y : .S5c.(Te in Physics.
(b) Continue with some second year physicg courses.
() Transfer to a specialist degree - B.Arch, B.Eng.etc.
gg; Continue with a B.Sc. without physics above 1lst year.

giiggntinue university study at least for the time

Answer..............

NAME: @t e0 0000000008000 000000,
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The theoretical examination, 1973

WHIVERD T 7Y c

)

) WATH AT

EXAMIEATTCNS 1973
T73.10) PHYSICS

(Time allowed: Three hours)

This paper consists of three scetions, Marks may be
gained from all qQuestions attempted.

Candidates may bring "Physics" by Alonse and Finn or
"Fundaimental University Physices", Vel. I and II, into the
exanination roon.

The use of log tables, slide rules and drawing
instrunients is permitted.

THIS PAPER MUST BE HANDTD IN, TIED TO ANSWER BOOKLET -
SECTION A
This section consists of THREE questions. Each question
is worth 12 marks. :
SECTION B
This scction consists of NINE short questions. Each
questions is worth 4 marks.

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 shect provided. Select the best answer from
the alternatives provided.

(continued)

TURN OVER



continued

-2 -
SECTION A

1. A solid cylinder of uniform mass density, has total mass M,

and radius R and 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 x from its equili-
brium position the force on the cylinder is -kx, where k
is a constant. The cylinder rolls and does not slip on
the surface.

(a)

(b)

(c)

2, (a)

o
.

If the cylinder is rolling with a velocity of centre
of mass, v, write down (in terms of v, M and R) an
expression for

(%? the angular velocity of the cylinder
(ii) the rotational kinetic energy of the cylinder
(iii) the total kinetic energy of the cylinder.

[+ marks]

From a consideration of the total energy of the mass
spring system, or otherwise, show the period of
oscillation of the system will be 3m s, if M = 3 kg
and k = 2 N 'm-?, ’

[4 marks])

Discuss the assumptions made in th
;e e
friction above about

(@? between the axle and the frame
(ii) between the cylinder and the horizontal surface.

Is it reasonable to assume o .3
- S . conserva i
energy in this system? Why? tion of mechanical

(4 marks])

The Faradéy-Henry Law is
E -dég

Vo = . ——

E 4t

(Question 2 continued
next page)
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continued - 3 -
where [
*p T Js B - uyds
VE = %L L . dg
(i)

Defing and explain all terms in these three
equations, including the meaning of the
integral signs.

(ii) Is the integral

]

B.y,ds the same as IS B.ds ? Explain.

{6 marks]
(b)

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 b is placed inside the solenoid
and so orientated that the normal to the plane of

the loop makes an angle o with the axis of the
solenoid.

(i) Obtain an expression for the flux passing
through the loop, in terms of the above symbols.

4 marks]

(ii) Show that the mutual inductance between the
loop and the solenoid is M = u nb’cos a.

{2 marks])

3. Under certain conditions, the speed of waves cn water is
given approximately by v = vgh, where h is the depth of
the water, and hence the wave equation becomes

a?’y . (gh) a’y where y represents the surface
dt? dx?

displacement.

(a) (i) Write a solution for this equation for

sinusoidal waves of wavelength A, moving
along the negative x direction.

(ii) Why are waves of this type referred to as
"simple harmonic" waves?

[+ marks)

(b) Waves from a straight wave generator, in a ripple

tank pass over a boundary ab between regions of depth
0.3 cm, and 0.2 cm as sketched.

(Questions3 - continued
next page) TURN OVER



continued

straight e

wave
generator

h = 0.2 cm

i J{ﬁg§°

a

Will the waves be refracted toward or away from

the normal? Explain briefly. Determine the angle
of refraction of the waves from the boundary.
(4 marks]

(c) A more accurate expression for the velocity of water
waves is

v = /h[g +(?—)2%] for h<<a

In a particular ripple tank

T = surface tension = 10~! N m-!
p = water density = 10°kg m~?
and A = 27 x 107 %m
(i) Is the.exppession v = /gh an adequate
approximation in this case?
(ii) Will waves with a speed adequately represented
by v = /gh
and/or — T
v :,/h[g +(;l)z§] exhibit dispersion?

Explain.
{4 marks])

N

(continued)
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continued

SECTION B

A plank of weight 190 kgf and length 10 m is supported at
1ts centre point. 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 opposite 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]

The acceleration of a particle in general curvilinear motion
is known to be

" = + .
a 3t u, * 2y
However, an observer claims that at t = 2 s the magnitude

of the centripetal acceleration is 8 ms~?. Give reasons
why this claim cannot be correct.

{4 marks]

6. A particle of mass n, experiénces a force I, and has a
velocity v. If FT is the component of the force in the

direction of v, and Fy the component of the force perpen-
dicular to v, then

ut dv me v?
PT = T Vi Y, and PN = T vty T
(1- 6‘2‘) dt (1- ET) R

where R is the radius of curvature.
(i) At what speeds do these relationships apply?

(ii) What are the analogous relationships to
these in Newtonian dynamics?

iii What is one significant difference between
(l;l) the acceleration produced by F, as predicted
by Einstein, and by Newton?

(4 marks]

:cist suspects that the earth has a core of
" iagizghiflc;id zengity 01> DIFFERENT_from the density pa
of the re;t of the earth, (total radius Ra2).

.

(Question 7 - continued
next page) TURN OVER



continued

He can apply Gauss' Law to show theoretically that'lz the
core exists, the field can be expressed as a function of

radius r by the equations

X % op (R ¥(pi-p2) + rlp2) u, for Ri<r<Ra

§ = —_
r? 3
G. = X Y or (R1¥(p1-p2) * Rz2’02) u. for r>R;
= 2
r 3

These equations reduce to the fol;owipg simple
expressions when there is no distinguishable core
G = -Y % Tpr u for r<R,

r

= . x4 3 >R
G = ~ 5 T R, Up for r>R,

By measuring the variation of G with r very accurately

(1) just below the surface, and
(ii) just above the surface

can the geophysicist expect to be-able to verify if
there is a core, on the basis of the above equations?
Explain.

(4 marks]

The following is a slightly modified extract from the text
Alonso and Finn "Physies", p.436, deriving the capacitance
of a parallel plate capacitor.
"A typical capacitor is formed by two parallel plane
conductors separated by a distance d, with the space.
between them filled by a dielectric (Fig. 19-28),

18.28  Pasralisl-plate capacitor.

(Question 8 - continued
next page)
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continued
-7 -
The electric field in the space between the conductors
1s unxform: If ¢ is the surface charge density,
the poctential difference between the plates is
Vi -V, = Fa = %
€
If S is the area of the metal plates, we must have
Q = oS. €S "
Thercfore c = I -
(a) Wnich staterents in this derivation are, in fact,
approximations or assumntions?
(b) Under what conditions might these assumptions be
reasonable?
(4 marks])
9.

10.

11.

A cyclotron has a radius of 1 m and a variable magnetic
field of maximum value 1.8 T. The maximum,attainable
frequency for the accelerating field is % x 107 Hz.

Determine the magnetic field required if protons are to
be accelerated to maximum energy. What is the maximum
energy that a proton may be accelerated to? (Take e_ =

b
1.6 x 10-'°C, my = 1.6 x 10%’kg and give the proton

ener in e.V.)
& 4 marks]

Explain briefly how Heinrich Hertz in an experimgnt (some-
times known as the Hertz experiment), first obtglned an
experimental value for the velocity of propagation of
electromagnetic waves.

[4 marks])

Two principles of physics which are related to wave motion
are o
I The Principle of Superposition
II Huygen's Principle.

i interference and
henomena observed w1tb waves are inter )
3¥?fgaction. In a very brief outline, indicate which .
principle, or principles (if any), are necessary to explain

(1) interference
(ii) diffraction.

5 ider interference
i b our answer wbether you consi Jin
igglgigﬁragtgon to be basically identical, similar ,or

different. [4 marks)

TURN OVER
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12. A space ship approaches the earth at high speed. It
sends out radio signals to the control centre on Earth,
using a frequency of 1.0000 x 10° Hz. The radio receiver

at the control centre can detect signals only in the range
(1.0000 *+ 0.0100) x 10°® Hz.

(1) 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)
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SECTION C

All answers are to be recorded on the special

ANSWER SHEET provided.

1. CGiven the three vectors
A = Tu ¢ Hu,
B = -5u_ + 7u
- =X z
C = u
= =%
thern the product C (A x B) is
(A) 1u (B) 8u, (Cc) 6 (D) O () -12.
2. The ccsine of the angle between the vector ugx + 89y + 892
and the x-axis is
(A) 0.25 (B) 0.33 (C) 0.u43 (D) 0.55
(£) 0.63.
3. The threc forces Fi = Su + ugy (N)
Fz = -Tu + ZEY (N)
Fi = 2}-17( - 2gy ()
act concurrently at the point 3u  + Sgy (m). The torque
(m) is

with respect to the point 2u_ + Suy

(A) 2u, Nm (B) tu, Nm  (C) .109y Nm
(D) 12y, Nm (E) 15y, Nm.
displacement of a particle moving in a circle
* ifegiﬁgﬁli§ elngt2 4+ t. Its angular acceleration after
5 seconds is
(A) 30 rad s~? (B) 20 rad s-?
(c)y 15 raa s—2 (D) 12 rad s~2 (E) 6 rad s=% .

TURN OVER
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- 10 -

Some of the basic principles of particle motion are

I Conservation of Momentum

II Newton's 1lst Law

IIT Newton's 2nd Law

Iv Newton's 3rd Law

v Conservation of Angular Momentum
(where momentum is defined as my, and angular momentum as
r x mv).

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 complete set of fundamental principles

to cover all the principles (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.

Consider the following statement.

"Basic principles of mechanics, for example conservation of
momentum, are never observed exactly in any experimental
apa%ys;s in the laboratory. It is therefore rather unscien-
tific to have such principles called basic principles."

Which of the following replies show a good understanding
of the nature of physics?

I "The basic principles are just theory and
Fherefo?e 1t 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)."

WDt o s .
I1I gilgglgiiz 2f.phy51cs are idealizations and
3lmost impossible to obs : a

under ideal conditicns." erve phenomen

(A) I only

(B) IT only

(C) III only

(D) I and II only
(E) I and III only.

(continued)
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continued
- 11 -

7. To determine the soced of a bullet,
into a biock, mass M.
The blocH rises to a

mass m, it is fired
which forms a ballistic pendulum.
height h, after the bullet is embedded
in it. Assuming the mass of the bullet is not negligible
compared to the mass of the block, the speed of the bullet
can best be obtained from the equation,

2 Mo
(a) (—;‘—Vl = Mgh NN
m \\\
o\
2
(3) ()" = ugn N\,
v Lo
) xmv? = (M + m)gh oz - %
(D) kmv? = (M + m)gh
2
() {mv) = O+ mgn

8. A cycioical pendulum has a period which is,
A) dependent on the mass of the pendulum
(B) independent of amplitude )
) independent of the pendulum length
(@) independent of temperature variation
(E) incdependent of the gravitational field g.
i s it the moon. They
9. Two equal mass ‘'moonlets' or rocks orbit
colligc at‘P and combine, as shown in the subsequent
diagram.

Combired ¢~

rocks {A;(_ 3d
|

v

The value of v 1is
A)
(e

2 3vo
< c)y v (D) =2
Vo (B) 3 Vo (] . 2

Vo

wlo wlH

TURN OVER
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10 Which of ‘the following graphs besg geg;eze;ﬁ;hzhgozgzggzal
inertia I, of two disks supporte 1
ggdl?otated ébout 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.)

x
vertical —
wir‘e\
M s M
_ N
2y 4

d o g
° > ° g °

. A
0 S o >

11. The relationship P = 2n//g applies for the period of a
torsional pendulum. This relationship only applies for

I small angular displacements, 0, where
S1nf = ¢

II negligible friction

III Situations where the moment of inertia, I,

is constant.

(Question 171 - corntinued nezt
page)
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continued

12,

13.

14,

15.

-13 -
Of the abhove
2 I onlv is valid
(B) ITII only is valid
(c) I and II only are valid
(D) IT and III only are valid
(E) all of the above are valid.

Accordiny to the text Alonso and Finn, the distance between

the surracre of the earth, and the centre of the moon
(assumed constant) 1s

(A) 1.74 x 10%m
(B) 2.53 x 10°m
() 3.72 % 10°%nm
) 3.78 % 10°%m
(E) 3.82 x 10%m

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

(ry /B (py [/ YHE oy Mmoo ey M
v 3R R? 3R R
x / ar

R
where M and ® are respcectively the mass and ragius of the
earth.
The gravitational force was found by Newton to be
(a) a central force, and 4 )
(b) a force that varies as =, (an inverse square law force)

r

Newton was able to deduce both these facts from

A) Keplers second law only ' .

(B) the observation that all falling bodies have
the same acceleration

) Keplers third lawv only .

(D) the observation that planets moved in
approximately circular orbits

(E) Keplers second and third laws.

lectrically charged spheres, mass m, a?d m:an?
Z;erzfléleand q:2 resPectively, are suspended by insulating
thregd; of equal length and repel each other so that the
threads make equal angles with the vertical.

(Question 15 - continued
next page) TURN OVER



continued

qz
%"' "
2

my

Which of the following statements about the masses and
the charges must be true.

A) mpy = mg and Q1 = Q2
(B) mp = mz but qi1 is not nacessarily equal to q:
(c) q1 = qz2 but m; is not necessarily equal to m
m . M2
(D) a1 T2
16. A long straight filamentary conductor produces a magnetic

field at a radius d from its axis of Bg. 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 -

2mev 2me Hoev ev

(E) Bdev

17. A current I is uniformly distributed over the cross-section
of a cylindrical conductor of radius R.

According to Ampere's Law, the circulation of the magnetizing
field (¢ H.d2) around a circle, concentric with the axis

of the conductor (r<R) is

(A) Her I
RZ
(B) Ei I
Rl
(c) Xer
2wR2
(D) I
(E) Kol
2tr

(continued)
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18. Gauss Law is written
c"fsg'i‘rJdS * Iq
E in this equation is
(A) the electric field

19,

20.

» 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.

o) the electric field at the surface element dS,
due to all charges.

(D) the normal component cf the electric field at
the surface element dS, due to all charges
within the surface S.

(E) the electric field, which is always the same

at all pointc over the Gaussian surface due
to charges within the surface.

§ E . y, dS is the flux of the electric field through a
s

closed surface. A uniform electric field passes ‘through
a spherical surface as shown.

1M

The flux of the electric field over the total surface of
the sphere would be,

(A) zero (B) 2uRE (C) 7wR?E (D) uwR2E

(E) f3i TROE

Frequently the electric 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

(Question 20 - continued
next page) TURN OVER
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(AY

(B)

(c)

(D)

(E)

- 16 -

applied to find the field near any distribution
of charges provided the charges all have the

same sign

easily applied to find the electric field
near any relatively simple charge distribution

often applied to find the electric field near
charge distributions which have symmetry

properties

easily applied to find the electric field
near any charge distribution

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.

~Pad

<

()
S

( 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 magnetic field
parallel to XY

Tube XY contains a ch : . .
parallel to Xy anging electric f}eld

Tube XY has a positive el i
: X : ectric charge
distributed uniformly along its leng%h

Tube XY contains . . .
parallel to XY. a changing magnetic field

(continued)
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continued
- 17 -

22. The energy stor
1J. If the sel
the current flo

‘in the magnetic field of an inductor is
inductance of the circuit is 2 x 10-%? H,
wing in the circuit is

(A) 2 » 107%2A  (B) 1A (C) 7A (D) 10A

(E) 50A
23. Two progressive & M

........ wave trains, as shown, move with
the sare speed (2rms~!) to the right.

o/

>
o/
If the equation of wave train (1) is y = sin (wx - 27mt),
the equaticn of the wave train (2) will be
(9] vy = sin m(x - 2t)
(B) Vo= sin‘ﬂ(x - 2t - 0.1)
c) y = sin (mx - 0.1 - 2t)
(D) v = sin m(x - 2t + 0.1)
(E) y = sin (wx + 0.1 - 2t)
24, The graph of angular frequency, ©, versus wave vector k,

for sound waves travelling in a solid is of the form shown
in the figure.

A
w

,k
v i >

(Question 24 - continued
next page) TURN OVER
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- 18 -

of phase velocity v, and group

corresponding graph . ‘
$2§ocity vp, versus k, would be best shown by which of the
T8

following graphs.

N
>
N

A i
< Vand Vg
D S~Vard Vg 3§
S S S
K 3 X
=N Y
e | © ¢
1 LI
A A
Y
o © 5 ® v
3 AR
N N Vg
£ £
L r-

25, 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)
(B)

(c)

(D)
(E)

reflected back along the original direction,

scattered out at right angles to the original
direction.

rotated into a plane perpendicular to the
original plane,

absorbed in the material as heat.

transformed into the energy of the ejected
photoelectrons.

26. ?reystgr’s angle for glass is 56°., Plane polarized light
- 1n§1dgnt on a glass surface at this angle and the plane
of polarization is rotated about the incid . e
intensity of the reflected light ent beam. Th

(A)
(B)
(c)

(D)

(E)

is always zero.
varies between a minimum and a maximum value.
remains constant.

varies between zero ang 4 maximum value.

is sometimes greater tha
incident beam. n that of the
(continued)
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eontinuecd

- 19 -
27 A viver tanl Yoae ~Lass Wi dow 7 3
Jiew Y sl L iUy ‘indow, as shown in the plan
le 2l IR .o : . .
ohserwor ¢ 1 «»:V'w) tae tank is visible to an outside
R ravels

as incdicated by the ray diagram.

50ass wiaow

Aty /HIIO/ (‘H' /5,£ n;\:f’y 7//‘\7 Cbserver IJ_O_t_q
T I T e sin 64° = I*¥
R R Y X

Y o - — - — - si 0 = -
C 05ect - B ~ _ 3 2 in u8 b
2,
4 - — Water [#2<13) - - A sin 42° = 1
j T T eter (el3) - - G s
LT T S T L S S i T T

i ~eeaibd :
Igo%t wernn;0<-ru-e for 6, to have any value in the range
- to +3C° . then the observer could see an object any-
where in the tan¥. )

A) Th'ﬁ is possible, but 06, must vary between
+30° and -50°
(%) Thig is pessible, but 8,, must vary between
+64°% anad -6u°
(Cc) Tris is possible, but 8, must vary between
+48° ana -u49°
(o) This is possible, but 8, must vary between
+42° and -u42°
() This is impossible.
28, In which of the following situations can the interaction

of electromagnetic radiation with matter only be explained
in terms of the photon concept.

I Photoelectric effect
II Radiation pressure
II1I 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 o particles deflected

by a thin foil of gold, Rutherford found that only one
particle in 10,000 was_deflectgd.more than a few degrees.

In an attempt to explailn the minimal deflection of o particles
by a gold foil Rutherford proposed his model of the atom.
Further, assuming the nucleus was a point change, and

TURN OVER



continued

Coulomb's'Law could be used to determine Fhe force between
the nucleus and the o particle, a pred}ctlon was made that
the number of particles with a scattering angle between ¢

9

and ¢+d¢ was proportional to cosec" 5 -

29. In predicting the cosec® % relationship, Rutherford assumed
that Coulomb's Law (F = —ﬂiﬂiz) would apply at very small
Umegr

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
evidence 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 distance between charges.

(o)) Coulomb's Law is a basic principle of physics
hence must apply at all distances.

(D) It was not unreasonable to expect Coulomb's
Law to hold at small distances and there was
no evidence to the contrary.

30. Rutherford's initial ideas about the atom lead to a
prediction which could be checked experimentally. Which
of the'following opinions about Putherford's method of
investigation shows the best understanding of scientific

methods.

(A) Ruthe?forﬁ should have obtained all the
experimental evidence possible before inventing
any theory, or ideas, to explain his results.

(B) Scientifig ideas should not really be used to
make predictions.

c) Rutherford proceeded in a rather unscientific
manngr ih using his initial results to invent
a model, or theory, of atomic structure.

(D) Scientific ideas are i

et = mo
predictions. St useful if they make
(E) As Rutherford's initial ideas were based on

::per}mental evidence, there was no need to
perimentally check his prediction
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L.4 The experimental examination 1973

W IVERSIT or WAIKATO

EXAYINATIONS 1973 A

T73.102 PHYSICS

(Time allowed: Three hcurs)

This paper consists of three .sections. Marks may
be gained from all questions attempted.

Candidates may bring any books into the examination
room, and arc expccted to bring "Physics" by Alonso and
Finn, "Experirmental Physics", and laboratory noteboocks.

The use of log tables, slide rules and drawing
instruments is permitted.

Appropriate graph paper will be provided.

Laboratorv Notebooks must be handed in at the end
of the examination.
THIS PAPER MUST BE HANDED IN, TIED TO ANSWER BOOKLET.
SECTION A

This section consists of THREE questions. Each
question is worth 12 marks.

SECTION B

This section consists of NINE short questions.
Each question is worth 4 marks .

SECTION C

This section consists of THIRTY multiple choice
questions and is worth 36 marks. In.gach case chogse
the best alternative from those provided.

FIVE marks will be awarded for the completeness

Up to
e ratory notebook.)

of your labo

ot anticipated that you will use all the

: It is n -
NOTE paper supplied.

- graph p

(continued)

TURN OVER
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SECTION A

complex system of bumpers is designed to provide a

(a) A P : .
barrier for tThe testing of cars crashing at high speeds.
The compression, x, of the bumper system versus applied

force, F, is given in the table below.

Applied Force F(N) Corpression x(m)
100 0.06
200 d.10
400 0.15
800 0.25
1600 0.u0
3000 0.60
4500 0.80

It is suspected that the relationship between F and x is
of the form F = kxn.

By plotting a suitaeble graph show that the relationship
between F and x is of the form F = kxI and, hence,
determine k,

(4 marks]

(b) An experiment is carried out to determine the suita-
bility of an air track, photocell gate, electric clock
s¥stem for the measurement of g using the relationship

v® = 2g sindx, where v is the velocity of the glider after
accelerating a distance x from rest.

Consistently w1§h.the particular apparatus used, a value
of g of 7.0m s=* 1is obtained.

Give at least three possible reasons which might account
for.thls %arge systematic error, and which you think should
be investigated if the systematic error is to be eliminated.
(Do not assume this apparatus is exactly the same as you
used.) Mention very briefly why you consider your reasons
would lead to a low value of g. o d

(4 marks]

(C)a’ Tzldeiermine.the spring constant using a glider on

air ;Ellgic » 8 Weleht is supported by the spring over an
. is requ - ‘ . .

ape obtained. quired to 5%. The following readings

. F
Ay <
pulley L2009 99.0000020000000,1
i
F — x
(Question 1(ec) - continued

next puge)
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econtinued
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FCN) x(m)
0 0.1005
1 x 10-2 0.1515
2 x 10-? 0.2010
3 x 10°2 0.2995
U x 10-2 0.3015
8 x 10-? 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 determined
using a Michelzon Interferometer. Explain briefly how,
once your apnaraivus was set up (see Ixperimental Physics,
p-119) you ohtained 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]

(b) A new nicrowave experiment is developed, where

the problem is to determine the possible shape of metal
objects (or a metal object) inside two different poly-
styrene boxes, by analyzing the intensity and polarization
of microwaves transmitted through the boxes.

The following are some preliminary results, using the
following apparatus.

Transmitter Box Kecewver

i (Question 2(b) - continued
! next page) TURN OVER
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Results Initial Final )
== poleiizi:ion Polarization
Vertical /ﬂ
J Polarizatizsn vector
\\\\\ L\\\\ Potated 45° (as shown)
Box A and dirinished in
- \\\\\ \\\\\ intensity
Porizontal \\} /ﬁ
Vertical T ///1
N Polarization vector
Box B \\\\\ ~ Rotated 45° (as shown)
e with miniral intensity
%\\\ ™~ change
\\
Horizontal ~ \\\
\\ ~ J

Suggest what might be in the boxes to produce these
results. If the incident polarization vector is now
orientated at an angle of 45° to the vertical, predict
for each box the final direction of the pclarization
vector and comment on its final intensity.

(4 marks]

(c)' A student studying "electron diffraction" does not
belleve.electrons have an associated wavelenscth. Rather
hg considers that the pattern is due to X—ra; diffraction,
since X-rays would be produced when electrons collide with
the crystal, and these X-rays would be diifracted by the
crystal, as suggested in the dia;ram.

JMﬁa;ﬁulx*@y
Electromagretss) -~
Dearne = =
&27?7, ,4?/"’ . :r, ra y /),d ﬁﬂf n

ez 7
" = o SCrech

Z-rays produced
Frectron beams "N

______ RO

=
AN
2N

C2rbon e,

——O Oo—

(Cuestion 2(c) continued
next puaga)
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continued

ﬁis theory could be disproved because of the difference
1n behaviour of electrons and of electromagnetic waves in
either electric or magnetic fields. Explain how

you would, in practice, cxperimentally verify that the
pattern on the screen is produced tv electrons and not
electromagnetic waves (suggest twc procedures).

[4 marks]

(a) In the D.C.

resistances Py, R,
Freme these roesuylt
resistors in (1) s
Trrse "thecretical"

circuits experiment, the values for the

and X3 were experimentally obtained.
he combined resistances ¢¥ the three
s and (1i) parallel were predictad.

t
ri
values were checked experimentally.

e
3
4
Copy and complete the following table giving vour values
for this ewperiment.

'- !
hheoretical result:Experimental result
i !

|

RroTaL Parallej

RTOTAL series

i

Give very approximate error estimates in each case, and
hence conclude if your results confirm, or pot, tbe
theoretical cquations for adding resistors in series and
in parallel.

(4 marks]
(b) It is required to provide maximum power output from

a small heater of 2002 when connected as in the figure,
with a d.c. supply.

D.c. 20011 freater
supply
Several d.c. power supplies all of 10V e.m.f. are

available, however they have a variety of internal resistances.
b

4s 1N internal resistance while supplies B,C,D,
iggp%yhgvzdinternal resistances of 509, 100Q, 200Q and
4009 respectively.

{Question 3(b) - continued
next page) 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 maximum power transfer.. Can
you explain why this is not a reasonable suggestion?

(4 marks]

(c) An a.c. voltage V = Vo sin wt is applied to an
R-L-C series circuit, as shown.

C

|

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’ VC’ VR and Vg. Include on this representa-

tion the rotating vector to represent the current I.

If Vc = 700V, VL = 300V and VR = 300V, determine the

amplitude of the applied voltage Vo,. Also determine the
phase angle between the applied voltage and the current.

(4 marks]

(continued)
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continued

SLCTION B

It is decided to measurc the wavelen
3000 Kz, bv analvs

two adjacent, and

gth of sound, firequency
inf trhe interference pattern produced by
fynchronous sounrd sources (loudspeakers).
In additlon to the spcakers, an oscillator, a micropnone
and a C.®.0. are available. The speed of sound is known

to be atcut 332m s~ !, but the interference pattern 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-detector distances (show working) and
include these values on your diagran.

4 marks)

A physicist working for a publishing firm is asked to
suggest a continually reneatakhle method for reasuring tbe
thickness of single shcets of paper. The paper varies in
thickness, not in dencity, and the method suggested must
be adaptable to remote reading in a distant control room.

He suggests using a radioactive source and detector system,
or a mechanical (recmote control) micrometer device. His
radicactivity suggestion 1is outlined in the diagram.

P;’:INC:PLE The ;,1 en\,TY 0& Y'.Aollojw"\ d‘tﬂ\é
detector de_}oend‘; on l)a,/ﬂer Hickness

(abscrplion of 13 P—t,mles

Radro-cciive | Petector
Lsonrce ppartictes

frcem your knowledge of_physical phenomena )
igggiz:réd in prerimcnts in this course (or otherylse) )
twooalfcrnative methods for measuring the paper thickness
that might be feasible and practicable, (one sentence
only for each method explaining briefly the principle
involved).

4 marks]

ine the wavelength of microwaves, a two slit ]
zﬁt2i§Z§Z;2e pattern is to be analysed using the relation-

. (n-%) A g3
ship sin 6 = —gq—— for the angular position of the

nodal lines.

. tus set up (and not subsequently altered)
¥;§hstzgeiggaggtain results, for the position of the first
nodal line, and the distance, d.

(Question 6 - continued
next page) TURN OVER
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<—
S

o

—
SO ST

Student I ©, = 32°9, 30°, 27°, 31°, 30°
d = 6.0 t 0.1 cm
Student II 6, = 32°, 28° gy = 23°, 21°

d = 6.0 * 0.5 cm.

State which student has the most useful set of results.
Explain briefly.
{4 marks]

An electron moves in a circular path in a magnetic field
of 10~% tesla.

The radius of the electron path 1s 0.50 m. Determine the
total energy of the electron (to one significant figure).

(4 marks]

In Exp. 4, a photographic analysis was made of the collision
of a magnetic puck with an equal mass stationary magnetic
puck. Is the less of energy in this experiment negligible
compared to the other errors or uncertainties involved

in this experiment and in the photographic analysis?
Expla}n briefly and clearly, supporting your argument with
numerical data where possible. i

(v marks]

One oi the Eiﬁic lawi of physics is the conservation of
momentum - e total momentum of an isol
particles is constant". - ated system of

With relation to the above basic law explain (one sentence)

in what way it (i) is an idealization
(%%? @s & generalization
(}11) 1S an experimental observation
(iv) can be used as a basis for prediction.

[4 marks]

(continued)
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continued
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10. A student is attempting to verify the Ampere Law relation-
ship

+o

_ .
fB.di = u NI

- 00

by reasuring the magnetic field along the axis of a solenoid
of 103 turns, carrying a current of S5.00A.

\\F”-\\\““ﬁ“ﬂ\ AR

| W s
W

-_*__

-50cm '\l}\}‘\,} )H}
W
|

|

|

|

o

|

| A8
|

|

|

Using a Hall probe the field is measured from -50 cm to
+50 cm as shown.

The area shaded on the graph (fB.df) is determined to be
(5.4 + 0.3) x 10°* m kg C~'s™!

while uoNI is equal to
(5.00 + 0.01) x 107* m kg C™'s™!
tthat conclusion would you make from these results? Do

you suspect a systematic error?
[+ marks]

. e .
11. State the values you obtained for the = ratio of the

i .J. Thompson's method. Include the values
?1ec§§2“e§§22§ii ind maggetic fields used for eachbanaﬁy31s.
or elds ‘ aly
When you compared your value of = with that.glven v
t Alonso and Finn, what was your conclusion about the
;§§sibility of systematic error?
{4 marks]

TURN OVER
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12.

- 10 -

De Broglie in 1524, merely from consideration of the particle

. . h
nature of light, and the relationship A = — for photons,

suggested that particles (e.g. electrons) might have a

wavelike nature with a wavelength given dv A
As De Broglie, had no experimental evidence to support
this proposal at that time, but meralv invented the idea
(probably because nature is strikinglv syrmetric in many
other ways) it is suggested by a student that this was a
most unscientific proposal.

In general would vou consider a tentative proposal like
De Broglie's to be unscientific? Very briefly give vour
reason (one or two sentences only).

(b4 marks]

(continued)
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SECTION C
fnswers to be recorded on the special
ANSWER SHEIEIT provided.
1.

2.

3.

Light

by

The follewing table shows a set of results obtained for
measuring the period of a ball rolling on a spherical dish.

x5 X, - X (x; - x)?
1.9
2.2
2.5
2.1
2.3
X = 2.2
. T(x; - %)?* . i matel
The error in the mean value, 2271 7 is approximately
n(n-1)
a) 1 x 10'13
(B) 2 x 107 s
(c) 2 x 107s
(D) 4 x 107's
(E) 5 x 107's

. . e yeary
The percentage error of a product is given by vVP,"+Pg% ,
hence if the currcent through a resistor is 2.0 * 0.1 mA

i ) i ss the resistor is
if the potential dlffergnce across 5
i?go * O.OSPV, then the resistance of the resistor

[%) is best expressed as,

(5 + 1) x 1022
Eg; (5.0 *+ 0.5) x 1029
(c) (5.0 + 0.4) x 1029
(D) (5.0 + 0.2) x 10°Q
(¢2)) (5.0 + 0.1) x 10°Q

{c cell will generate a small current in a
ﬁiggizzvgitgigwn in Fig (a) when light is incident on 1t.

R Lgﬂr |
]300 & )
& .3

S 4%9/?‘ﬂ”ﬂq
S 200 P 1
§ 7T R 10002
By P
00 A

> Hicroammetey & P
(reqitgible resistance) R -

0 o0 /50 200 250
Fig. (b) Light mtensity ((ux)

(Question 3 - continued
next page) TURN OVER
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Fig. (b) shows the current generated in this circuit at
different light intens

ities 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 300pA.

(B) about 280uA.

(Cc) between 160 and 250uA.

(D) it is impossible to predict from the

information given.

A battery of internal resistance, 3R, and three light bulbs
(each of constant resistance 1.5 ) can be connected
together in various ways. If the light emitted from the
bulbs is proportional to the power dissipated in the bulb,
which of the following would give the total maximum output

of light?

fodep 7o

T° | 169

From a theoretical point of view, Kir
. C X (lrchhof f' £
D.C. circuits are best described’as t's Laws for

a) fundamental laws of physics, i.e. i

y Donieles of phyerefl et T basie

() haic prineiples of physics. o 0
R B SO

(E) laws wh;gh 2:2 g: g:;izzg g;gﬁ 8gzio;§vé Law.

(continued)
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continued

6.

- 13 -

A prediction is made regarding the outcome of a novel
experiment 1n physices. Possible reactions of the
experimenter 1: the result is not as anticipated might be:

I "Predictions should not be made before
attempting an experiment."

II "If the experiment is repeated a sufficient
number of times, the anticipated result will
be obtained." '

IIX "The observations will need to be checked,
and the experiment possibly improved."

Iv "The prediction may need reconsideration."

V'

"The equiprent must be improved so that the
anticipated result is obtained."

The scientifically acceptable reactions would be

(A) I and III

(B) I, ITII and IV
c II and V

(D) I, IT and V
(E) III and 1V

Two magnets are attached to the adjacent ends of two
gliders so that they attract rather than repel. One
glider is placed in the centre of the track and is initially
stationary. The second glicder has an initial velocity gf'

2 ms-'. The two gliders are of equal mass and on cglllslon
they naturally 'stick' together. What is their combined
velocity after collisior?

(A) The final combined velocity will be 1 m s7!',
as conservation of momentum will apply.

(B) As the magnets attract the initially stationary
glider will be moving toward the other glider
before collision so that the fing} combined
velocity will be less than 1 m s °.

c) 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”'.

(D) 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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- 14 -
8. The mathematical relationship
d?x —wodx

—= = -9,2 x 10 It 0.1x

dt?

represents a particle moving in

(¢:9) simple harmonic motion
(B) damped motion under a constant force
() forced oscillations with damping
(D) forced oscillations without dainping
(E) damped harmonic motion.
9. A solid cube mass M, edge length b, has a long thin rod

driven through the centre of one face, and perpendicular
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) @I’-;- B
(3 M2 . ]
(© B b
(D) Mb? _L b/J

(E) zero ,"——b——J/

10.

The above collision is
. . analysed and )3 S
lational kinetie emew Y <id linear momentum, trans-
'8Y s and angulaxr o ]
‘ nd ‘ular momentum (about P), are
i%i izuggtzz be Eons;rved 1L magnetic pucks arpe used.’If
=4 bucks are now replaced by plastic pucks (Q<0)

which of the above quantitij
conserved? duantities would you now expect to be

(Question 10 - continued
next page)
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continued
- 15 -
a) Angular momentum (about P) only
(B) Linear momentum only
) Anguler and linear momentum
(D) Angular momentum, linear momentum, and
translational kinetic energy
(E) Angular momentum, linear momentum and
total kinetic energy (rotational plus
translational).
11.

12.

An isolated frictionless plastic puck has a mass of 0.1lkg,
a radius of 2 x 10~ ?m, and is rotating at 4 rad s-!

(»n, Y Olm ——————

22l

as shown.

o-2ms’

The centre of mass of the puck is moving at 0.2m s™!

S~ and
the moment of inertia of the puck is given by Xmr‘.

The spin (internal angular momentum) of the puck is

(A) 8 x 10-'kg m?s~!
(B) 2 x 10~%kg m?s~!
(C) 8 x 10~ ’kg m?s~!
(n) 2 x 107 "kg m?s™!
(E) 8 x 10~ °kg m?s™!

,sicist attempts to find the intepsi?y (I) versus
giEZéiéglix) relationship for the variation of sound
intensity directly in front, and relatively near a large
loudspeaker. A log-log gr§ph is plotteg.of the results,
as shown. The consecutive “power of ten 1nte?cepts are
equally spaced on the two axes, %ﬂd the straight
line intercepts the x-axis at 45

1

og 1

u5°

Py
_

log X

. the above graphical results the relationship
Accorg;n% :ﬁd x (assuming k and c are constants), over this
2Z§§2 of values, is best summarized

(Question 12 - continued
next page) TURN OVER



continued

13.

14,

- 16 -
(A) I = -kx + c
(B) I = -kx? + ¢
(c) 1=k,
(D) 1= £
(E) 1=% +c.

The force distance relationship between two magnets is
given by

F(x) = 6 x 1072x"'*5 N

where x is the distance between the magnets in metres.,

As F(x) = - dFp , the magnetic potential energy between
magnets (assuﬁfng Ep = 0 at infinity) is given by

(A) Ep(x) = 1.2 % 107 %7 %" %

(B) Ep(x) = 2.4 x 10-2x"2*5S

(c) E;() = 9 x 1072708

(D) Ep(x) = 9 x 1072%x"2%*53

(E) Ep(x) = 3 x 10-2x"°"*

A space craft, P, moves purely under the gravitational
attraction cf a double star along the path X'X shown (no
rockets). The two stars are a distance 2a apart. (The
rotation of the two stars about their centre of mass in
the time taken for the space craft to move from X' to X
is negligible.)

The position x at which the «

S ; 3pace craf ,
experience a maximum acceleration alggt ngould‘
when x is equal to i £ «X' would be

(A) v/2a (B a (o) 5 m 2 (o)

zero.

(continued)
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continucd
- 17 -

15. The following diagram represents the interaction of an

alpha particle with a heavy gold nucleus. The diagram

represents the collision from the frame of reference of
the gold nucleus.

o particle

Assunring the gold nucleus is very much heavier than the
a-particle the diagram is quite an incorreci representation
of the collision. Possible reasons for this are:

the impact parameter is incorrectly defined
the scattering angle is incorrectly defined
III angular momentum 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,
) II only is valid.
(D) III only is valid.
(E) I, II, and III are valid.
16. Certain assumptions are made in deriving the period of a

simple pendulum

= 2 /’E
P w g

Some of these assumptions might be;

I the pendulum has a small amplitude 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, IT and IV only.
) I, and III only.
(D) I, II and III only.
(E) I, IITI, and IV only.
17 In developing the relationship for the deflection of an

electron beam in a simple cathode ray tube,

- L Vx % . hich 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.
(B) The gravitational field could be ignored,
) 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
(B) Microwaves

) Infrared light
(D) Red light

(E) Gamma rays.

19. In Experimental Physics p, 100, a graph 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 there would be as little range
of wave speed over the entire frequency range 1 Hz to 100 Hz
as possible?

(A) very deep (B) 2 cm (C) 1 cm (D) 0.4 cm

(E) 0.2 cm.

20. A loudspeaker emits a sound of frequency f, near a solid
wall. A line of soldiers stand in a line at right angles
to the wall as shown.

- 1003

|
¥ >
I X
| o4
‘E:j Not to scate X L
. X
®Soldier fears no sound @L
X
The soldiers stand 1 m apart and (as shos i
in four claims he is unable to hear the ;23n3ne %gid;:SG-
length of the scund emitted by the speaker muét be

(A) 0.04 m (B) 0.16 n (C) 0.32 m
(D) 2.0m (E) 4.0 m.

(continued)
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continued
- 19 -

21. A light source, converging lens, and a screen are set upon

an optical bench, as shown, and a clear irage of magnifi-
cation M, 1s obtained on the screen.

<
<

q >

ligkt source lons screen

If the distance from lens to screen is q, the focal length
of the lens is

M (1+M)q
A 3w B e (O

(1+M) 1+M
(D) 'TET-_'(E) 3
22. A convex lens of focal length 0.2 m is placed in contact

with a concave lens of focal length -0.4 m. The focal
length of the combined lens would be

(A) -0.2 m (B) -0.4m (C) 0.1m (D) +0.4 m
(E) +2.5 n.

23. The relationship between two phys%cal quantities, y and
x, is investigated and the following graph plotted (note
axes) .

y A

5-

2.

10-% 1f

5»

2.

-2

10 1 + + e
1 2 3 b x

This graph suggests that, provided k and n are both positive

k -
(A) y = xxn (B) y x_n c y = ke nx

n-kx.

() y = ke (E) Y

1]

TURN OVER
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A lens is placed between a light source and a screen.

24, .
The distance between source and screen 1s 4m and no
position 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 possiblv the lens is

I concave (diverging) of focal length less
than 1lm.

II convex (converging) of focal length less
than 1m.

III concave (diverging) of focal length
greater than lm.

Iv convex (converging) of focal length
greater than 1m.

Of these suggestions the reasonable ones are

A) I, IT, and III onlv

(B) IT and III only

(o)) I and III only

(D) IIT and IV conly

(E) I, IIT and IV only.

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 Ay - Log A
slope TR 0.3
Log A

9
t
The best expression for the relationship between A and t is
(A) A= 0.500-3t
(B) A = 0.5¢70-3t
(c) A = 0.3e%0.5t
(D) A= 0,370-5t
(E) A= 0.,3t70-5,

(continued)
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26.

27.

28,

- 21 -

Interference patterns are
sources ol waves, a distance d apart. If P is on a nodal
line then

(n-%)X\
R

sine =

The relationship mav only apply
under certain conditions, for example

I S)P is much greater than S,S,
II sinf = 0
ITI d is very much greater

than A

0f the above conditions,

(9] neither I, II, nor III is necessary.
(B) I only is necessary.

c) II only is necessary.

(D) II and III are both necessary.

(E) I, II and III are all necessary.

The work function of a metal is 3 e.V. Planck's constant
is 6.63 x 10-*“Js and the electron charge is -1.6 x 10~!°C,

The threshold frequency of the above metal is

A 7.2 x 10'“Hz
(B) 4.8 x 10'“Hz
c) 4.1 x 10'“Hz
(D) 2.5 x 10!'“Hz
(E) 1.6 x 10!'°%Hz

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

(A) the filters do not pass a well defined
wavelength of light.,
(B) the large photosensitive surface recaptures

all the photoelectrons emitted from the surface,

c) the amplifier, and additional circuitry,
produce a spurious reverse current for low
output currents.

(D) some ultraviolet light is emitted by the
light source. . .
(E) the collector emits photoelectrons which are

collected by the large photosensitive surface.

TURN OVER

produced by two in-phase periodic

B — — g ———
pu\ U K2
')
A

410



continued
- 22 -

The following information refers to questions 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.
H !

Time to fall 1m

Density of sphere Radius of sphere %
|
|

P r t

(kg == %) (m) (s)

4 x 10° 1.00 x 10732 9

4 x 103 0.75 % 1072 16

4 x 10° 0.25 » 1072 14y

7 x 10° 0.25 x 19-2 72

10 x 10° 0.25 x 10~? 48

Density of water = p, = 1 x 10%%g m~? j

29, Which of the following graphs would be most useful in
predicting the time to fall 1 metre for spheres all of
fixed density 4 x 10°%kg m~3?

N

(A) t versus r
(B) t versus 1
r
(c) t versus lz
T
(D) t versus pr?
(E) t versus l,
r

30, Which of the following graphs would be a straight line

graph?

(A) t versus p_

(B) t versus -
Ps

c) t versus ——%—_
OS DO

D -

(D) t versus p_-p_

(E) t versus —21 _
p_-p .
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SECTION A

1. (a) Yxplain what is meant by a conservative force.
Give two evamples of conservative forces and two
examples of non conservative forces.

[4 marks]

(b) A bicvcle and rider have a total mass M. The two
wheels can be treated as uniform density discs each of
mass m and racdius R.  If the rider leaves the top of
the hill, A, from rest, what will be the velocity of
the rider at B assuming he does not pedal?

[4 marks]

(¢c) Discuss the assumptions you have made in the above

about
(i) the frictional forces between the axle and the
me B
(ii) iig total force provided by the slope on the
bicycle.

Is it reasonable to assume conservation of mechanical
energy in this system? Explain.

[4 marks]

TURN OVER



Continued
2. (a) The
v'r—'
0
where
’p
VE
(i)
(ii)
(b)

Faraday-lienry Law is

§ .
I

3

Define and explain all terwns in these three
equations, including *th« meaning of the

integral signs.

Is the integral

I B.u,ds the same as f B.dsS? Explain.
s 2eda

S

[6 marks]

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 b is 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.

(1)

(ii)

Obtain an expression

for the flux passing
through the loop, in

terms of the above symbols.
(4 marks]

Show that the mutual inductance between the
loop and the solenoid is M = Honb2cos a.

[2 marks]

Continued
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Continued -3-
3. (a) A wave is represented by the equation
£ = 0;2 sin 2w (r-10t)
What is
(i) the shape of the wavefront of the wave,
(ii) the velocity of the wave (include dlrcct¢on)
(iii) the wavelength of the wave,
(iv) the frequency of the wave.

[4 marks]

(b) £ stecl rod of length 1lm is dropped vertically onto a
concrete floor. It rebounds resonating at a number of
different ;rnqueﬂc1cs simultaneously. If Young's modulus

for the rod is 2 x 10'!M m~?, and the density of steel 8 x 10°%

kg m~?, determine the lowest frequency likely to be heard.

(State any assumbtions you make).

[4 marks]

(c) A phvsics textbook states,

"Tn 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 elecctromagnetic waves travel
at the speed of light, and according to
relativity theory nothing travels faster
than the speed of light, shock waves
produced by electromagnetic waves cannot
occur.

Discuss the comment given in the box. For example, is
i%sreasonable or has some point been overlooked?

[4 marks])

TURN OVER
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SECTION B

A boy and a man sit on a seesaw whicﬁ'consists of a

plank of mass 50kg, and length 5Sm, which is supported

at its centre point. The boy, mass 3Ck:s, sits at the

extreme end of the plank and the man s%ts on'tbe )

opposite side of the cupport. To obtain eqnilibrium

the man sits lm from the suppert. Determine the

magnitude of the reaction on the support. (Assume g=10 N kg‘U.

[4 marks]

5. The acceleration of a particle in general curvilinear
motion is known to be

= +
a=>5tu +5u

However, an observer claims that at t = 1s, the particle
had a velocity of 3m s”! and was moving in a circular
path of radius 1m. Give reascns why this claim cannot
be correct.

[4 marks]

.

6. (1) Give a kinematic definition of simple harmonic
motion,

(ii) Explaip clearly what is meant by angular simple
harmoglc motion, and state how the period of such
a motion is related to the initial displacement.

[4 marks]

Continued
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Continued ~5-

7. A gcophysicist suspects that the earth has a core of
radius R; and density p;, DIFFERENT from the density p2
of the rest of the earth (total radius R2).

Core

(i) Theoretically he can show, using Gauss' Rule,

that I the core exists, the field within the earth

(R, < v < Rz) can be expressed as a function of radius r
by the equation

G = }%— %ﬂ (R13(py - p2) + r’oz)gr for Ry < r < R,

If the core does npnot exist

L

G = -Y %“ pr U, for r < 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? Explailn.

(ii) Above the surface of the earth (r > R;) Gauss' Law

leads to

G = -gg %“(R13<pl - p2) ¥ Rz,pz)gr if‘the earth has a core
and

6 = =% %ﬁ p Rz? u, if the core does not exist.

= r -

On the basis of these equations would it be possible to
redict if the earth had a core by carefully measuring
ghé variation of G with r Jjust above the earth's surface?

Explain.

[4 marks]
TURN OVER



Continued

10.

A high speed space ship approaches the earth. It sends
out radio signals to the control centre on ea?th using a
frequency of 2.0000 % 10° Hz. The vadio receiver at the

control centre can only detect signals in the range
(2.0000 # 0.0010) x 10% H=z.

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]

The maximum attainable frequency for the acceleratin
q Y 4

. . 6 .
field of a cyclotron is = X 107 Hz. Determine the
magnetic field required if protons are to be accelerated
in the cyclotron. If the maximum radius of the cyclotron
1s 1lm, determine the maximum energy that a proton can be
accelerated to. (Take ep = 1.6 x 10-13C,

m, = 1.6 x 10~*7kg and give the proton energy in eVy,)

[4 marks]

Explain briefly how Heinrich Hertz in an experiment
(sometimgs known as the Hertz experiment) first obtained
an experimental value for the velocity of propagation
of electromagnetic waves.

[4 marks]

Continued
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Continued

11. The following is a slightly modified extract from the text

Alonso and Finn "Physics", p.u436, deriving the capacitance
of a parallel plate capacitor.

"A typical capacitor is formed by two parallel plane
cenductors separated by a distance d, with the space
between them filled by a dielectric (Fig. 19-28).

18.28  Parallel-plate capacitor.

The electric field in the space between the conductors is

uniform. If o is the surface charge density, the potential
difference between the plates 1is

_ od

Vx - V, = Ed4 = -e—

If S is the area of the metal plates, we must have Q = 0S.
€S "

Therefore C 3

.
(a) Which statements in this derivation are, in fact,
. . : 3 . . ')
approximations or assumptions:

(b) Under what conditions might these assumptions be
reasonable?

[4 marks]
12 Two principles of physics which are related to wave motion are
. w
H en's Principle s
iI TﬁZgPrinciple of Superposition.

i es are interference and
observed with wav : nter )
Two phen?mina ITn a very brief outline, indicate which .
dlffrécizo o principles (if any), are necessary to explain
principle, ;

(i) interference
(ii) diffraction.

. answer whether you consider interference
Indlg???rgztggﬁrto be basically identical, similar, or
and dal

different. (b marks)

TURN OVER
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SECTION C

All answers are to be recorded on the spacial ANSYWLR SHEET provided,

1. The cosine of the angle between the vector 8gx + ugy + BEZ
and the x-axis is
A, 0.25 B. 0.43 C. 0.55 D. 0.67 E. 0.82
2. Given the three vectors
A = u
e
B = -Su, + 2u,
C= 7u_ + 3u
= —~x -~z
then the product A. (B xC) 1is
A. -8 B. © C. 6 D.  7u, E. +8
3. The three forces Fi = Su + QEy ()
F2 = 2u_ - 2u (N)
Fi: = -2_5x + 61_1_y (N)

act concurrently at the point ugy + 7uy(m). The torque
with respect to the point ugx + 6uy (m) is

A. _522 mN B. 232 miJ C. ng mN

D. 12 u, mN E. 15_1_1_z mN

| > .
L. The angular acceleration of a disk about its axis is

- -2 -
a = 8ms™". If at t=0, w=0, the number of revolutions
between t = /7, and t = u/7 ig

A. 10 B. 20 C. 30 D. 60 E. 80

Continued
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Continued

Consicder the following statement.

"Basic principles of mechanics, for example conservation of
momentur, are never observed exactly in any experimental
analysis in the laboratory. It is therefore rather un-
scientific to have such principles called basic principles."

Vhich of the following replies show a good understanding
of the nature of physics?

I "The basic principles are just theory and

thercfore it does not matter what happens
in reality."

11 "The bLasic principles are not observed in the
laberatory merely because of inaccurate
measurenents of physical quantities (e.g.

mass and velocity for conservation of momentum)."

ITII "Principles of physics are idealisations and

it is almost impossible to observe phenomena
under idcal conditions."

A. 1 and III only.
B. I and IT only

C. I only
D. II only
E. III only.
i : ts along a horizontal
6. An enpty freight car of mass mo (kg) coasts a i
frictioiless trac): with velocity ve at time +=0. Sand is

falliny from a hopper above the car vertically with respect
to Thc‘ground.

Sand

v, (t =0)

P

Erictionless track and bearings.

. the floor of the car with velocity V, and
the ma San% 2223 in the car accumulates at the rate of X (kg)
the ’Qiiing the speed of the car at time t will be

per ’ T

m°v°2 _ . moVo + )\tV
A. Vo B-m c me + At
V2 MoV
MevoeZ + AtVZ E. —2oevo
D. /——,%;-T"“’”;’ me + At

TURN OVER
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A cycloidal pendulum has a period which is,

A. dependent on the mass of the pendulum.

B. independent of the gravitational field g.
C. independent of temperature variation.

D. iridependent of the pendulum length,

E. independent of amplitude.

Two equal imass '"moonlets" or rocks orbit the moon. They
collide at P and combine, as shown in the subscquent
diagram.

-~ P
“\\*\
ZUB 3\\\\
( 3d _\, Combined
Rock d 2 >3 rocks

:

The value of v is

5 3 2
A, 3 Vo B. f- Vo C. Vo D. 3 Vo E. %- Vo

Some of the basic principles of particle rotion are

I Conservation of Momentum

IT Newton's 1st Law

IIT Newton's 2nd Law

Iv Newton's 3rd Law

v Conservation of Angular Momentum

(where momentum is defin
ed as n
r x mv). as mv, and angular momentum as

Some of these principles .
Y « can be consider § ;

. 2 . ed fundame .e.
based on experimental evidence and definitions gtal, i.e
can be derived from these fundamental ones > and others
) 2SO .

A sufficient and complete set of fundamenta

to cover all the principles (I - y) would bl pPrinciples

o
=~

A. I only
B. V only
c. I and IIT only
D. I and II only
E. II and V only

Continued
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10.

11.

According to the text Alonso and Finn, the distance between

the surfa

(assumed constant) 1s

A.
B.
C.
D.
E.

Two discs are cupported by a light horizontal rod which is
akout its centre on a vertical wire.

sraphs best represents the moment of

inertia I of the system about the vertical wire, versus the

free to rotate
of the following

ce of the earth,

3.82
3.78
3.72
2.53
1.74

X X N XX

distance d.

10°%m
10%m
10%m
10%m
10%m

(The vertical wire is of negligible thickness,
X can be assumed nestligible, and the moment of inertia of

11~

the horizontal rod ignored).

Vertical

wire \\\

d>

and

the centre of the moon

.

>

£
/ /
V

Which

TURN OVER
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12. The relationship P = 2n//% applies for the period of a
torsiocnal pendulum. This relationship only applies for

I situations where the moment of inertia, I,
is constant

II negligible friction
ITT small angular displacements, 8, where
sind = 0.

the above,

Fhe

I only is valid.

I and IT only are valid.

IT and I1II only are valid.

IIT only is valid.

all of the above are valid. R

. o

mMmoow>» O

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

vM YH 2yMm M

A. —_—_ B. RLY <yltim m

R R C. =g p. /JI=%
YM

E. IR

whe¥§ M and R are respectively the mass and radius of the
earth.

14, The gravitational force was found by Newton to be

(a) a central force, and

(b) a force that i = .
varies as -, (an inverse square law force).

Newton was able to deduce both these facts from

A. Kepler's second and third laws
B. the observation that planets mc
circular orbits.
C. Kepler's third law only,
D. the observation that s .
same acceleration. all falling bodies have the
E. Kepler's second law only,

moved in 4approximately

Continued
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15.

16.

418

-13-

Two small electrically charged spheres, mass m; and m. and
charges qi1 and q2 respectively, are suspended by insulating
threads of equal length and repel each other so that the
threads make equal angles with the vertical.

|
e"e/
|
q, 9%

m, m,

Wnich of the following statements about the masses and
the charges must be true.

A m; = mz2 and Q1 = Q2
B. my = m2 but qi 1s not necessarily equal to q»
C. Q1 = q2 but my is not necessarily equal to m:
D. o M2

SR q2

f E . uy ds is the flux of the electric field through a

closed surface. A uniform electric field passes through
a spherical surface as shown, of radius R.

Sphere, (radius R)

Uniform
electric field, E

The flux of the electric field over the total surface of
the sphere would be,

A, 4 aRE B. UwR?E C. mR*E D. 2wRE
© 3
E. ZCro.

T'URN OVER
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17. Gauss' Law is written
. = I
€, f E Uy ds q
S
E in this equation is
A. the electric field, which is always the same at
all points over the Gaussian surface due to
charges within the surface.
B. the normal compcnent of the electric field at
the surface element dS, due to all charges within
the surface S.
C. the electric field at the surface element d5, due
to all charges.
D. the normal component of the electric field at
the surface element d5, due to all charges.
E. the electric field, which is always the same at

all points cver the Gaussian surface.

18. Frequently the electric 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 appligd to find the electric field near
any charge distribution.

B. easily applied to find the electric field near
any relatively simple charge distribution.

c. i . . . . . .
app[]ed to f]n(l. the f 1eld near any dlstr‘lbutlon
of char‘ges pI'OVlded the Charpeb a 1 1V
t 4 1 he e the

D. often applied to find the electri i
i X <. . ) Cctric field near
charge distributions which have
properties. ave symmetry

E. only apply to the three physical situ

described in (i), (ii) and (iii). ations

Continued



Continued

19.

20.

21.

419

The diagram shows a number of concentric field lines
surrounding a tube of material.

)

7

7/

(If the field lincs represent a magnetic field, this field

could have been caused by a steady electric current in
the tube YY.)

.)<
~

If the field lines represent an electric field, which of
the following could have caused the field?

A Tube ¥Y has a positive electric chargé distributed
uniforaly along its length.

B. Tube ¥Y carries a steady electric current,

C. Tube ¥Y contains a constant magnetic field parallel
to XY. :

D. Tube ¥YY contains a changing magnetic field parallel
to XY.

E. Tube XY contains a changing electric field parallel
to XY.

The energy stored in the magnetic field of an inductor is
ZJV 1f the seli-inductance of the circuit is 4 x 10-2 H,
the current flowing in the circuit is

A. 50A B. 10A c. A D. 1A

E. 2 x 1072%A

: traight filamentary conductor produces a magnetic
?iiigﬂai ;ad§05 r from its axis of B. If the mean o

locity of the electrons responsible for this field is v,
Zﬁe number of electrons, (charge e), per unit length of the
conductor would be '

Br 21Br HoBr
A. Brev B. <3¢ c. Hoev D. Zmev
Ho Brv
E. “Zre

TURN OVER
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22.

23.

2y,

~16-

A current I is uniformly distributed over the cross--section
of a cvlindrical conductor of radius R.

By analogy with Anpere's Law, the circulation of the .
magnetising field (0 H.d2) around a circle, concentric

with the axis of the conductor (r<R) is

Bol
A. i
B. I

HeX
c. ZWRzI

r2
D. wr I
g, Her’l
Lie I{f—

A beam of plane polarised light is incident on a sheet
of dichroic iraterial, and no light is tranmsmitted. This
is because the energy in the incident beam is

A. absorbed in the material.

B. transformed into the energy of the ejected
photoelectrons.

C. rotated into a plane perpendicular to the
original plane.

D. scattered out at right angles to the original
direction.

E. reflected back along the original direction.

Brewster's angle for glass is 589,
is incidgnt on a glass surface at th
of polarisation is rotated about the
intensity of the reflected light

?lane polarised light
is apgle and the plane
incident beam. The

A. is sometimes greater th
L S 2 an that of
incident beam. the
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.

26.

Two progressive SHM

wave trains, as shown, move with
the same speed (3ms-1?) ’

to the right.

YA 02
+2+
7/
/
/
/
0 (- o
/ x
-24 N
- |-
02

If the equation of wave train (1) is y = 2sin (mx - 3mt),
the equation of the wave train (2) will be

A. y = 2sin m(x - 3t)
B Yy = 2sin (wx - 0.2 - 3t)
C y = 2sin (mx + 0.2 - 3t)
D. y = 2sin w(x - 3t - 0.2)
E y = 2sin w(x - 3t * 0.2)
A water tank has a glass window, as shown in the plan view
belcw. An object in the tank is visible to an outside
observer if light travels as indicated by the ray diagram.
. \T
Air (n=10) . g Note
ass window i gno o 1.3
Observer 9‘”\ / _(n=15) sin b7 = 3¢
| LA . 1
——————— T T 7"kl ein ugo = _1_
- - — == — —— e, -~ ] 173
____________ew___ObJectj .
=1 - - - — ] o . .t
Water (n=1-3) T TTH sinw o
. -
e o — [
. ]

If it were Eossible for 6, 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 8, must vary between +42° and —up0,
C. This is possible, but 8, must vary between +49° and -4g°,
D. This is possible, but 0, must vary between +64° and -gu°,
E. This is possible, but 6, must vary between +90° and -90°.

TURN OVER
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27. The graph of angular frequency, w, versus wave vector k,
for sound waves travelling in a solid 1s of the form shown

in the figure.

A
W

d

|
T

The corresponding graph of phase velocity v, and group
velocity v, versus k, would be best shown by which of the
<a

following graphs.

\ A

® Jo ©

Velocity

Velocity
&

Velocity

va

uand_vg

Velocity
Velocity

©
@

3

28. In which of the following situatio :
: . SNE ns can ;
9f electromagnetic radiation with matter zgi lg:eracilgn q
in terms of the photon concept. y explaine

I Optical activity
II Radiation pressure
IITI Photoelectric effect

A. ITT only

B. I and ITI only
C. I and IITI only
D. IT and III only
E. I, IT and III.

Continued
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Continued -19-

23. Interfercnce patterns are produced b

sources of waves a distance d apart.
line then

y two in-phase periodic
If P is on a nodal

sin(}:(nc'iﬁ

S

)

The rclaticnship may only apply
under certcin conditions, for
exanmple

\

x

\
1§
de—"T_6

]

I d is very much greater than )\ ll

I1 sin € = 0 X

IIT S,P is ruch greater than S,;S, S

a

Of the altove conditions,

I, IT and ITII are all necessary.

. I and IT are both necessary.

II only is necessary.

IIT only is necessary.

neither I, II, nor III is necessary.

mMoOw>

30. The visible spectral lines of hydrogen have been confirmed

to be given experimentally by % = 1.09677 x 107(% - %z) I
A theorv was developed by Bohr which predicted that the
spectral lines of hydrogen are given by the equation

L ¢ 107¢x - 1

X = 1.08737 x 10 (q nz) —I1I

On the basis of equations I and II it would appear that,

A. there is compnlete 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.

y i ' i t it is
. as the theory is so close to the experiment 1
P obvious that the experimental results are slightly
incorrect.



L.6 The experimental examination 1974

UNTVEDRS ITY OF WATKATO

EXAMINATTONS  197h
13.102 PHYSICS - Experimental Physics

(Time allowed: Three hours)

Thie paper consists of three scetions. Marke may be
gained from all questions attempted,

Candidates may bring any books into the examination
room, uvrd urc expected to bring "Phycics" by flonso and
Finn, "Lzpevimental Physics", and teboratory wnotebooks.

Phe vse of log tables, slide rules and drawing
wngtruiaciits 1s permitted.

Appropriate graph paper will be provided.

Laboratory notebooks muat be handed in at the end
of the cramination.
SECTION A

This section consists of THREE questions. Each
question 18 worth 12 marks.

This section consists of NINE short questions.
Each question is worth 4 marks.

3

his section consists of THIRTY multiple choice
questions and is worth 36 marks. In each case choose the
best alternative from those provided.

(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.
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SECTION A

1. X . .
(a) To determine the resistance, R

] X - 3 \ , of a resis
following circuit is used. sistor the

R is required to 5%.

D.C.

Power | _%L A R
Supply §
20V 7

The following readings are obtained.

V (Velt) I (milliaumpere)

0.05

5.15
10.10
19.05
20.15
40.00
80.15

O o F o w N = O

Criticise the data that has bheen collected.

' [4 marks]

(b) In the D.C. circuits experiment, the values for the
resistances R;, R and Ri; were experimentally obtained.
From these results the combined resistances of the three
resistors in (i) series and (ii) parallel were predicted.
These '"theoretical'" values were checked experimentally.

Copy and complete the following table giving your values
for this experiment.

Theoretical result| Experimental result

RTOTAL series

RTOTAL parallel

Give very approximate error estimates in each case, and
hence conclude if your results conflym, or got, tbe
theoretical equations for adding resistors 1n seriles 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 res%stance 1009 and
inductance 0.32H, and a capacitor.

a
| e

12V i i0'32|4
(rm.s.) Nedh
! ]

S0Hz EL jr j1oon
xb

| [ 3
I

If the r.m.s. current in the circuit is 120mA what is

(i) the value of C,

(ii) the phase angle between the potential across ab
and. the current in the circuit.
(Assume m2 = 10 and 0.32m = 1).

{4 marks]

Continued
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Continued -3-

(a) An cxperimental buffer system is provided at the end
of a railway track to stop trains (when necessary!). The
compression, x, of the buffer system versus applied
force, F, is given in the table below.

Applied 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° 0.40
2.0 x 10° 0.60

It is suspected that the relationship between T and x is
of the form F = kxI.,

By plotting a suitable graph show that the relationship
betwecen T and x is of the form F = kx™ and, hence,
determine k.

[4 marks]

(b) 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 expeyimgnt
neglipgible compared to the other errors or uncertainties
involved in this experiment and in the photographic anralysis?
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 explain (one sentence each)
in what way it

(i) is an experimental observation,

(ii) is an idealisation,

(iii) is a generalisation, oo
(iv) can be used as a basis for prediction.

[4 marks]

TURN OVER
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3. (a) To determine the number of lines in a new dJdiffraction
grating, a diffraction pattern fcr a known wavelength of
light from a helium discharge tube, is to be analysed )
usfng the relationship dsin 8 = n) for the angular position
of the diffraction maxima.

\i'»\
~——
—~——
x —~
—
QObserver
. \
Lightg g(\ == ﬂ
<! __— - Grating
_— i
— |
Ly |
, L -]

With the basic apparatus set up (and not subseaquently altered)
two students obtain »esults, for the position of the first
order strong yellow helium line (wavelength ~~ 5.876 x 107 7m).

Student 1 ®x = 26.1, 26.4, 26.2, 26.0, 26.3
L = 2.000 * 0.005m

Student 2 x = 26.1, 26.3; x' = 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
3600 Hz, by analysing the interference pattern produced by two
adjgcgnt; and synchronous sound sources (loudspeakers). In
addition to the speakers, an oscillator, a microphone and a
C.R.0. are available. The speed of sound is known to be

about 330 ms~!, but the interference pattern is to be used

to provide a precise measure of wavelength,

With a schematic d%agramz show how you would set up the above
apparatus. Determine suitable values for source-source, and

source-detector, distances (show worki :
; i rking) and incl e
values on your diagram. ude thes

[4 marks]

(c) The wavelength of microwav a i i
Michelson Interferometer. Expl:ﬁncggiZ;lgeﬁgzmlgigeusggg :
apparatus was set up (see Experimental Physics, 119¥ ou
obtained your results. List alil readings and ;xpiain hgw

the wavelength A, was determined from tﬁese re:ugts Include
with your value for A, your error analysis. ; ) ! ,

{4 marks]

Continued
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Continued —5-

4.

SECTION B

"Experimental Physics"
glves two different relati
for the standard error, i.e. onehips

Zn-(y. %)z
o=/ —5

and o =

Explain clearly the basic difference in these two formulae
by stating clearly The situation for which each one applies.

(4 marks]

An experiment is carried out to determine the suitability
of an air track, photocell gate, electric clock system for
the mcasurement of g using the relationship v2 = 2g sinOx,
where v is the velocity of the glider after accelerating

a distance x from rest.

Consistently, with the particular apparatus used, a value of
g of 7.9m s~2 is cbtained.

Give at least three possible reasons which might account for

this largc systematic error, and which you think should be

investigated if the syctematic error is to be eliminated.

(Do not acsume this apparatus is exactly the same as you
used). IMention very briefly why you consider your reasons

would lead to a low value of g.

[4 marks]

. e s
State the values you obtained for the W ratio of the

Thompson's method. Include the values
etic fields used for each analysis.
lue of € with that given by the

m .

electron using.J.J.
for the electric and magn
When you compared your va
text Alonso and Finn, what was your conclusion about the
possibility of systematic error?

[4 marks]

N

TURN OVER



Continued

Induced
Voltage

ici working for a publishing firm is asked to
nggzziczszonginuaily repeatable method for measuring the
th{ckness of single sheets of paper. The paper varies in
thickness, not in density, and the me?hod suggested must
be adaptable tc remote reading in a distant control room.

He suggests using a radioactive source and detector system,
sl oe . N N

or a mechanical (remote control) micrometer d§v1ce. His

radiocactivity suggestion is outlined in the diagram.

CONTROL ROOM / /’
/ DETECTOR | RADIOACTIVE SOURCE
s PARTICLES
— 5 w | )
/7 e — PAPER
METER // //

PRINCIPLE - The intensity of radiation at detector depends upon
paper thickness (obsorption of B particles).

Suggest (from your knowledge of physical phenomena
considered in experiments in this course (or otherwise))
two alternative methods for measuring the paper thickness
that might be feasible and practicable, (one sentence
only for each method, explaining briefly the principle
involved - rough sketch if appropriate).

(4 marks]

The induced voltage produced by a coil rotating in the
magnetic field of a horseshoe magnet is shown in the
diagram (solid line).

According to theory
the induced voltage
can be shown to be
sinusoidal with
amplitude BANw
(dotted 1line).

\
\ [Theoretical prediction

Experimental result

(i) What simplifying
assumptions are made

to theoretically
bredict 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
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Continued -7~
9. i i
A student is attempting to verify the Ampere Law relationship
+o0o0
§ B.de = J B.d% = uoNI

gy measuring.the magnetic field along the axis of a
elm@oltz coil arrangement. Fach coil has 50 turns, and
carriecs a current of 4.00 A per turn. ’

AXis

Helmholtz
coils

L e
. .

T ———

—2566'. . 0 — ';QSCm ¢

Using a Hall probe the field is measured from -25cm to
+25cm as shown. The area shaded on the graph

(I B.d#) is calculated to be

(4.40 + 0.01) x 10™* m kg c~! s~!

while u¢NI is calculated to be
-1

(4.00 + 0.01) x 10-* m kg C~' s

What conclusion would you make from these results? Do you

suspect a systematic error?
[4 marks]

TURN OVER
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10.

A new microwave experiment is deyeloped, where the
problem is to determine the posglble shape of metal
objects (or a metal ocbject) inside two.dlfferent poly-
styrene boxes, by analysing the intensity and polarisation
of microwaves transmitted through the boxes.

The diagram shows the apparatus used, and then some
preliminary results follow.

Box A

Box B

%
Transmitter Box Detector
Results Initial Final
— Pclarization Polarization
N \
\\\ w
Horizontal \\& A
\\\J \\\\J Polarization vector
Rotated 45° (as shown)
b\\\ P\\\ >with minimal intensity
Vertical T \\ change
\ \J
Horizontal ANy A )
Polarization vector
Rotated u45° (as shown)
?and diminished in
I \ intensity
Vertical
! /
\\\\ K\\\ J

Suggest what might be in the boxes to produce these results.
If the 1nc1den§ polarisation vector is now orientated at
an angle of 45% to the vertical, predict for each box the

final direction of the polarisation veot
. . ; . ecto o
its final intensity. r and comment on

[4 marks]

Continued
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Continued -9-

11.

12.

A student studying "electron diffraction" does not believe
electrons have an associated wavelength. Rather he
considers that the pattern is due to X-ray diffraction,
since X~rays wculd be produced when electrons collide
with the crystal, and these X-rays would be diffracted

by the crystal, as suggested in the diagram.

X-rays produced

here
Electron
€am, ; X-ray diffraction
63V iy S ¥_ _E_ b pattern on screen
R g BN
AL Crystal
- | 2-5kV{ + Diffracted X-ray
DC. | (electromagnetic) beam

His theory could be disproved because of the d%fference_
in behaviour of electrons and of electromagnetic waves in
either clectric or magnetic fields. Explain how you
would, in practice, experimentally ver%fy that Fhe
pattern on the screen is produced by electrons and not
electromagnetic waves (suggest two procedures).

[4 marks]

De Broglie in 1924, merely from ccnsideration of the particle
) i ionshi = = f hotons
nature of light, and the relationship A 5 for pho "

suggested that particles (e.g. electrons) mighthhave a
wavelike nature with a wavelength given by X = 5
As De Broglie had no experimental evidencz t? sggport this
S ToE t i I invented the idea
hat time, but merely inven _dde
%ropgig} aﬁezause nat&re is strikingly sy@metrlc.ln many
ogﬁgf wais) it is suggested by a student that this was a

most unscientific proposal.
In general, would you consider a tentative proposal like
7 ral,

De Broglie's to be unscientific? )Very briefly, give your
’ 1y).
ne or two sentences on
reason (o N

TURN OVER
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SECTTON C

be recorded on the special AIISWURR SHEET provided,

answers are to

The following information refers *to questions 1 and 2

hrouegh a tank of

Spheres are allowed to fall vervrtica t
: nts 1 m apart.

y
water, and are timed between fixed i

il
Do
The time of fall for spherss of wvarious radii and densities
are given in the following table.

Density of sphere Radius of spheare Time to fall 1m
Py r t
(kg m~?) (m) (s)
b x 103 1.00 x 10-? 9
uox 103 0.75 x 1072 16
b x 103 0.25 % 1072 1uu
7 x 10° 0.25 x 10~% 72
10 x 10°? 0.25 x 102 u3
Density of water = p_ = 1 x 10°kg'm™?

Which of the following graphs would be most useful in
predicting the tinme go fall 1 metre for spheres 311 of
fixed density 4 x 10°%kg m=3?

A.
B.
C.
D.
E.

Which of the following

t

t

versus

versus

versus

versus

versus

2

Blmsl=

3
w

juy

r3

graphs would be a straight line

t versus Py

graph?
A.

B. t
C. t
D. t
E. t

versus

versus

versus

versus

Continued
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The percentage error of a quotient is given by'/PA5+pBi, where

Pa and Pp represent individual percentage errors. Hence

if the current through a resistor is 4.0 * 0.2 mA and if

the potential difference across the resistor is 0.20 + 0.01vVv,
then the resistance of the resistor

(%) is best expressed as,

A. (5.0 £+ 0.1) x 10!@
B. (5.0 + 0.2) x 10'@Q
C. (5.0 * 0.u4) x 10!Q
D. (5.0 * 0.5) x 10'9
E. (5% 1) x 10'Q
4. The following table shows a set of results obtained for
mecasuring the focal length of a spherical mirror.
= Fy2
fi fi - f (fi - )
20.5
12.9
13.5
20.5
19.38

Assuming f = 20.0, the error value of is

approximately,

A. 1 % 1 s
B. 2 x 107 !s
C. 3 x 107 !s
D. 4 » 107 !'s
E. 6 x 107 !s
S. From a theoretical point of viey, Kirchhoff's Laws for
D.C. circuits avre best described as
A. laws which can be derived from basic conservation
laws. )
B purely experimental laws, unrelated to any basic

inciples of physics. B
C. ggégoig%ch can"bZ derived from Ohms Law.
D. laws which can be derive@ frop Coulom@'s Law.
E fundamental laws of physics, 1l.e. basic
principles of physics.

TURN OVER
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6. The relationship between two physical quantities, y and
%, 1is investigated and the following graph plotted (note
axes).

v A
5 5
2 b
10-' 1 } \\\\\\\\\\\
5t
2 L
1c-? 1 ¢

r

>
>
X

2 4 6 8
This graph suggests that, provided kX and n are both positive

A v o= ex™ B. y = . C. y = ke

E. y = n=kx.

7. A battery of internal resistance, 32, and three light bulbs
(each of constant resiztance 1.5%) can be connected
together in various ways. If *the light enitted from the
bulbs is proportional to the power dissipated in the bulb,
which of the following would give the maximum total output
of light? h

-y |
o) fods
© %@(}9@1}5 Y7

Continued

]
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Two magnets are attached to the adjacent ends of two

gliders so that they attract rather than repel. One

429

glider is placed in the centre of the track and is initially

stationary.
2 msT},
they naturally 'stick' together.
velocity after collision?

The second glider has an initial velocity of

What is their combined

A. The final combined velocity will be 1 m s~!, as
conservation of momentum will apply.

B. 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~!.

C. The final combined velocity will depend on the

velocity of the two gliders just before collision and
this is not known.

D. As the magnets attract the initjally stationary
glider will be moving towards the other glider
before collision so that the final combined velocity
will be less than 1 m s~'.

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 are a distgnce 2b apart. (Tbe
rotation of the two stars about their centre of mass, in
the time taken for the space craft to move from X' to X,
is negligible).

Spacecraft

iti i craft P would
The position x at which the space )
expegience a maximum acceleration along XX' would be
when x is equal to

b b D. b E. V2B
A. zero B. — C. 3 : *
V2

TURN OVER

The two pliders are of equal mass,and on collision
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10.

11.

12.

The mathematical relationship

d?x _ -3 dx
a?~- -8.6 X 10 art O’L"X

represents a particle moving in

A. damped harmonic motion

B. damped motion under a constant force
C. forced oscillations with damping

D. forced oscillations without damping
E. simple harmonic motion.

A solid cube mass M, edge length a, has a long thin rod
driven through the centre of one face, and perpendicular
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. Zero
B. Ma?
N
Ma?
C- _3—2'
Ma
D. a
£ Ma?2
Iy 12 -’
a
V . /
a ? uniform cylinder A
. mass ', radius R) 1is
I Cylinder A ‘ dropped from rest onto
v (mass M, radius R) a freely rotating uniform

density cylinder, B (mass
ﬁo? radius Ry) which had
initial angular velocity
Wo. After A has dropped
onto B, the combination

: rotates with angular
Cylinder B velocity w. The radius R

. of the dropped cylinder
(mass Mo, radius R,) is equal to

MoRo % (wo-w) % [M Ro 2 3
A, [——-——————-— B. 0o Wo Mo R -
Mos mm] c. HMoRelu-uo)
p. MoRowo £, [MRowe2]™®
Muw ' Mw

Continued
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Continued -15-

13.

The above collision is analysed and linear momentum,
translational kinetic energy, and angular momentum (about P),
are all found to be conserved if magnetic pucks are used.

If thes maenctic nucks are now replaced by plastic pucks

(Q<0) which of the above quantities would you now expect

to be conserved? -

A. Anpgular momentum (about P) only.

B. Lincar momentum only.

C. Angular and linear momentum, -

D. Angular momentum, lincar momentum, and
translational kinetic energy.

E. Angular momentum, linear momentum and total

kinetic energy (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.

v f S £ L L L £ L 2 L Wall

—f
8m

LW!I X

T Loudspeaker ?
X
X
®.
X

F, S

200m

(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-
length of the sound emitted by the speaker must be

A. 4.0m B. 2.0m C. 0.32m D. 0.16 m
E. 0.04 m

TURN OVER
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15. A physicist attempts to find the intepsi?y (I) versus
distance (x) relationshin for the variation of sound
intensity directly in front of, and ?elatively near, a
large loudspeaker. A log-log sraph is plotted of the results,

as shown. Consecutive "powers of ten" are equally spaced
cn the two axes, and the straight line intercepts the x-axis
at #509,
log 1
y5° -
>
log x

According to the above graphical results the relationship
between I and x (assuming k and c¢ are constants), over this
range of values, 1s best summarised

A, I =X +¢
xX
B, T =X
X
X
c. 1:=15
D. I = -kx% + ¢
E. I = -kx + ¢

16. The following diagram represents the interaction of an
alpha particle with a heavy gold nucleus. The diagram
represents the collision from the frame of reference of
the gold nucleus.

Gold nucleus

o particle PRl

(Question 16 - continued next page)
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Continued -17-

17.

Assuming the pold nucleus is very much heavier than the

a-particle, the diagram is quite an incorrect representation
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 possibly have been
conserved according to this diagram, but it is
conserved in theory.

Of the above,

. I and II only are valid.
. I only is valid.

ITI only is valid.

III only is valid.

I, II, and III are valid.

oo w>»

The following information refers to questions 17 and 18

In an experimental investipgation of o particles deflected

by a thin foil of gold, 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 o particles
by a gold foil Rutherford proposed his model of the atom.
Further, assuming the nucleus was a point charge, and
Coulomb's Law could be used to determine the force between
the nucleus and the o particle, a prediction was made that

the number of particles with a scattering angle between ¢

v b

and ¢é+dé was proportional to cosec 5 .

¢

In predicting the cosec® 7 relationship, Rutherford assumed

that Coulomb's Law (F = uié?;
distances for which it had never been tested before. Which
of the following statements about Coulgmb's Law would have
been the basis for making this assumption?

») would apply at very small

A. Tt was not unreasonable to expect Coulomb's Law
to hold at small distances and there was no
evidence to the contrary.

B Coulomb's Law is based on experimental evidence

about forces between charges and therefore it must
hold at any distance whatever between charges.

C. Coulomb's Law does not explicitly state any
limitations on the distance between charges.

is i inciple of physics and
D. Coulomb's Law is a basic Pr1nc1pﬂ
hence must apply at all distances.

TURN OVER
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19.

20.

Rutherford's initial ideas about the atom led to a

oraediction which could be checked experimentally. Which

of the following opinicns about Rutherford’'s method of

investigation shows the best understanding of scientific

methods.

A. Scientific ideas should not really be used to make
predictions.

B. Rutherford shculd have obtained all the =xnerimental
evidence possible before inventing any theory, or
ideas, to explain his results.

c. Rutherford proceeded in a rather unscientific manner
in using his initial results to invent a model, or
theory, of atomic structure.

D. As Rutherford's initial ideas were based on experimental
evidence, there was no need to experimaontally check his
prediction.

E. Scientific ideas are most useful if they make predictions.

Certain assumptions are made in deriving the period of a
simple penduluin

P=2n/g

Some of these assumptions might be:

I the tension in the string is negligible,
IT  the string obeys Hocke's Law (F = -kx),
III the damping of the pendulum is negligible,
Iv the pendulum has a small amplitude motion.

The necessary assumptions are,

A. I, IT and IV cnly.
B. I, IIT and IV only.
C. IT and IV only.

D. II, ITII and IV only.
E. IIT and IV only.

In developing the relationship for the def i
electron beam in a simple cathode ray ‘tube}eCtlc’n of an

D'EL(—}- +h i
= AT s e unstated assumption has been made that

the acceleration due to the gravitational fi i i od
This assumption is reasonable because field is negligible.

A. the cathode ray tube is mounted vert:
. g r‘
B. the gravitational field in a vacuumtiga;igé

C. the acceleration of the elect i i
field would be much less thanrgg ﬁuz‘go the gravitational
. h l_t. . ° "
D the electric field pgoduces accelerations very much

greater than 10 m s~ 2,

Continued
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Continued -19-
21. The force distance relationship between two magnets is
given by F(x) = 8x107%¢-'-5 N
where x is the distance between the magnets in metres.
As F(z) = - 9 , the magnetic potential energy between
dx
magnets (assuming Ep = 0 at infinity) is given by
A. Ep(x) = 4 x 107% £=0-5
B. L (2)=1.2x 10-2 x~2-°%
C. E (=) =1.2x 1072 705
D. r.p(x) = 3.2 x 107 x72%-3
L. lzp(x) = 1.6 x 1072 £~°%-°%

22. In Experimental Physiecs, p.106, a graph is provided of
frequency and velocity of water waves at a given dgpth.
Referring to this graph, what would be the.most suitable
depth of water so that there would be as little range
of wave speed,over the entire frequency range 1 Hz to 100 Hz,
as possible?

A. 0.2 cm B. 0.4 cm C. 1l cm

D. 2 cm E. very deep.

23 What category of electromagnetic waves has a wavelength

of 8mm?

A. Gamma rays.

B. Red light.

C. Infrared light.
D. Microwaves.

E. Radio waves.

TURN OVER
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24.

-20-

ing lens, and a screen are set upon

A light source, converg a s¢ upo
an ogtical bench, as shown, and a clear image of magnifi

cation M, is obtained on the screen.

Screen Lens

26.

Tf the distance from lens to screen is q, the focal length
of the lens is

(1+M)

R (1+M) (1+M)
Ay B o ¢ o P g B Tmo

A convex lens of focal length 0.2 m is placed in contact
with a concave lens of focal length -0.4 m. The focal
length of the combined lens would be

A. 0.1 m B. +0.4 m 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 Ym and no position of
the lens can be fourd so that a clear image of the 1light
scurce 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

T concave (diverging) of focal length less than 1m.
II convex (converging) of focal length less than 1m.
III concave (diverging) of focal length greater than 1m.
Iv convex (converging) of focal length greater than 1m.

0f these suggestions the reasonable ones are

A. I and III only

B. I, ITI, and III only -
c. I, ITI and IV only :
D. ITI and III oniy

E. ITII and IV only.

Continued
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Continued -21-

27.

A photovoltaic cell w%ll generate a small current in a
clrcult as shown in Fig (a) when light is incident on it.

Photovoltaic cell

. R=3N
£ <06 —[=R=3000
: E T R=5001
q €04 A~ —t=R=1000N
s _ © A —
b K Milliameter 5, -
¥ (Negligible © L~

resisiance) ——

0

0] S0 100 150 200 250
Light intensity (lux)
Fig (a) Fig. (b)

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
reduccd to zero, what current would you predict for a light
intensity of 200 lux?

A. greater than 600uA.
B. about 560uA.
C. between 320 and 500uA. )
D. it is impossible to predict from the information
given.
28. The following graph prepresents a set of results plotted

on semi-lop graph paper. The maximum value of A (at t = 0)
is 0.3 m.

A
. Log Ay, - Log A,
slope = = T, -0.5
Log A
t .
The best expression for the relationship between A and t is
A. a=o0.5t 2% m
B. A = 0.5e -0.3t .
c. A= 0.5 103t
p. A =0.3 0°%m
+0.5t

E. A = 0.3e m. TURN OVER



Continued -22-

In studying ths photoelectriac effect, in Exp. 12, A
'reverse'! current is found to result for large retarding
potentials. Theoretically, this is not expected but it
occurs bhecause

N
w
.

A. the filters do not pass a well defined wavalength
of light.

‘B. the large pheotesensitive surface recaptures 511
the photoelactrons emitted from the surface.

C. the amplifier, and additional circuitry, produce
4 spurious reverse current for low cutnut currents.

D. some ultraviolet light is enmitted by the light
source.

E. the collector emits nhotoelectrons which are

collected by the large photosensitive surface.

30. The work function of 2 meta 4 eV, Planck's constant

al is
is 6.63 % 107*"Js and the eclectron charge is -1.§ x 10-!°C.

The threshold frequency of the above metal is

A. 9.6 x 10'* Hz
B. 6.4 x 10'* Hz
c. 4.1 x 10'* Hz
D. .5 x 10'* Hz

2
E. 1.6 x 10" Hz
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APPENDIX M
FURTHER ASPECTS OF ATTITUDE MEASUREMENT

In a study associated with the work described in Section 8.3,

Tennent (1¢72), as part of an undergraduate pProject in physics super-

Vised by the author, investigated the use of the semantic differential
technigue (Csgood, 1957) as an alternative method of attitude measure-
ment. He developed a semantic differential instrument and compared it
with the Likert scale instrument of Section 8.3 by using both
instruments with 147 undergraduate and seventh form students.!

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.l,2

Correlations between the totals obtained from each set of four
semantic differential bipolar adjectives (Table M.1l) and the totals
obtained for each objective using the Likert items are shown in Table
M.2. 1In the latter table the correlations which were expected to be
high in terms 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

1These students were not the students used in Tables 8.1 and 8.2.

2pour bipolar adjectives used in this apalysis but Eottoglzonsequence
to the work of Chapter 7.3 have been omitted from the ta .
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Table M.l Factor analysis* of Semantic Differential Scales in 1972

(N = 147)(7 form and undergraduate Physics students)

Concept /. Bipolar Adjectives [and Factor Loadings 0.5
Possibly Kkelated Objectlves]l 5 3 3 z

PHYSICS  [Objecctive V(C))

Finalized - Tentative 0
Closed - Open 0
Stable-Changeable 0

Completc-Unfinished 0.6

USk Orr MATIS IN PHYSICS
[Objective VI(a)]
(1)
Bad-Good 0.6
Nice-Awful 0.6
7
8

Unsatisfying-3Satisfying 0.
Unpleasant-Pleasant 0.

(1i).
Worthless-vValuable 0.6
Unimportant-Important 0.8
Useless-Useful 0.7
Irreclevant-Relevant 0.5

PHYSICS [Objective VI (B)]
(1)
Dull-Sharp 0.7
Pleasant-Unpleasant 0.7
Satisfying-Unsatisfying 0.7
Uninteresting-Interesting | 0.8
(i)

Inconvenient-Convenient 0.6 (0.4)

Irrelevant-Relevant (0.4) 0.6
Unimportant-Important (0.4) 0.6
Worthless-Valuable 0.6 (0.4)

* Factor analysis using multiple correlation coefficient in the

diagonals of the correlation matrix.
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Table M.2 Correlations between Likert Scales Subtotals and

Scivmtic Differential Subtotals, Tennent (1972)

(N = 147)
Likert Scales
Vv (C) VI (A) VI (B) VI (C)
V(C)s 0.21 0.09 -0.07 0.13
VI(A) (i)s 0.20 0.67 0.44 0.22
Semantic
Differential vI(a) (ii)s 0.36 0.46 0.36 0.23
Subtotals
vI(B) (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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the low correlation between the Likert score on this

objective and the relevant Semantic Differential score

(r =o0.21).°
(ii) 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 = 0.71)."
(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) (1)s.

mantic differential concept of PHYSICS
ives of V(C)s in Table M.2. was
"physics I am taught" or "Physics of

31t is now appreciated that thg si
with respect to the bipolér adjec

ambiguous. It could be viewed as

the Physicist".

i A) (ii)s was 0.53 in comparison.
“The correlation between vI(a) (i)s and VI(A) (ii)
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APPENDIX N

SUBJECTIVE ASSESSMENT OF STUDENTS BY TEACHERS

Letter to the headmaster

Information for teachers on subjective assessment of former
physics students

Seventh form physics subjective assessment

Seventh form physics teachers opinion survey
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N.1l JLetter to the hecadmaster

Dear

As part of an intensive research project in physics
equcatlon, I am studying the progress of all University of Waikato
first year physics students through their first year of study. For
example, I wish to relate the students' background and school
achievement, their external examinations results, and their uni-~

vers@ty environment 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
where it applies to achievement a number of years prior to univer-
sity matriculation. I would be most grateful if the S.C. marks of

the students listed oa the enclosed sheets could be supplied from
your records.

In addition to the above it would be most relevant to our
work to obtain from the students' 7 form physics teacher a subject-
ive assessment of cach student's ability and achievement. I
consider a teacher usually acquires, over a year's teaching a
reasonably good assessment of his pupils with respect to a number
.of academic and non-academnic areas, and that 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
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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2 Informvttzg for teachers
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\
Informatinn for Teachers on Subjective Assessment of former
Phyglces oiadincs

I The Assessment of Students

In an intensive study of first year phvsics at Waikato,
an attempt.ls being made to study the abilities of students
over a variety of physics educational objectives. In addition
to the testing of student abilities at the beginning of 1973 /7u.
1t 1s consicered that a stucent's former 7 form teacher could
provide a useful subjective assessment of particular abilities.
These could not onlv Le used to check 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 specified and a seven point scale provided, e.g.

Academic Ability  HIGH: : T : : : :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 with other New Zealand 7 form
Bursary candicdates assuming the following national distribution

HIGH:5% :10%:20%:30%:20%:10%:5% :LOW

YI Classification of Interests and Abilities

Suitability for Academic work in general

Academic ability -~ a student's general intellectual ability
with 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.

itv/Stability - this scale indicates a student's

Maturlzzdependence and stability of purpose. A student high on
this scale would not be unduly 1nf}uenced by other §tudepts
or affected by change to a new environment, e.g. university.
The scale is independent gf acadgmlc abll;?Y or the level
of purpose (e.g. low or high achievement aims).

Knowledge and Ability in Physiecs

ehension of the Concepts in 7 form Physics - an under-
Compr, standing of the basic ideas of physics as presented by
direct teaching, or from textbooks. A student low on
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this scale would have little useful knowledge of physics
and probably a considerable number of misconceptions, e.g.
understanding of centripetal force and acceleration,

Gauss Law, Ampere's Law, ctc.

Ability to apply physics to simple standard problems - a student's
aB?llty to apply theory to problem situations, e.g. an
ability to do homework problems and to solve applications
problems 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 some misconceptions about physics while
alternatively some students comprehend the ideas but have
difficulty applying them.)

Ability to critically analvse and cvaluate ideas in physics =~ a
student's ability to think critically, to realize the full
implications of derivations, and to critically analyse
apparently satisfactory statements 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.

Ability to carry out experimental work - a student's ability
in the laboratory, e.g. ability to set up an experiment,
interpret instiuctions in terms of equipment provided,
practical ebility, etc.

Ability to process expcrimental data and draw conclusions -
includes the analysis of graphs, interpretation of results,
and drawing conclusions from the results. A measure of
this scale would be the work in a student's laboratory
notebook particularly as it relates to detailed analysis
of results and conclusions.

Positive attitude to physics - 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' 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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T (o) ~ . . . )
N.3 Seventh fomm physics subjective assessment

7 FORM PHYSICS SUBJECTIVE ASSESSMENT*

SChool: et iiiiieeineenerecinannces.Name Of PUPIliureeeernrnnoncenanns

T e) T

Suitability for University Work (as compared with an average
New Zealand 7 form pupil)

Academic Ability HIGH: : : : : : :LOW
Academic Industry HIGH: : : : : :LOW
Maturity/Stability HIGH: : : e : : LOW

Ability in Physics (as compared with an average 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 Fhysics HIGH: : : : :LOW

.o
oo
X3

Ability to apply Physics -
to simple standard
problems HIGH:

oo

: : : : : :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 attitude toward

Physics HIGH: : : : : : : :LOoW

Relationship between Bursary mark and Physics ability

Compared with other pupils' marks in the 197 3 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

%tsee information sheet for details of categories and distribution
aseessment. .
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N.4 Seventh form physics teachers opinion survey

7 Form Physics Teachers Opinion 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 Physics objectives outlined in this study.

Space is provided to qualify, if desired, any views, and to add
other objectives which are considered important in physics
tiaghing at this level, but which have not been included in this
study. .

What importance to you consider should be given to the
following Physics objectives in teaching at (A) 7 form level
(B) 1lst year University level).

P
=1
L]
44
+ S
[=1 (o] +
[ [o} o
+ = 1] (]
4 = 4 —
(o] + ~ fal
[aN o > o] ©
g o] —~ ~ 1
H + L E )
& o (=] (%}
> O [} [}
1 O, (%] + L+ ]
Q =] o (e} =]
> [ [s 1) jrd o)

Comprehension of basic concepts (A)

(B)
Problem Solving Ability a)
(B)
Critical Evaluation of ideas (4)
| (8)
Experimental Procedure Skills a)
(B)
Processing of Experimental Data (A)
(B)
Attitude toward Physics (A)
(B)

Qualifying Remarks or other Objectives:(yse back of sheet, if
required).
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