3220/201

SCOTTISH FRIDAY, 14 MAY PHYSICS

CERTIFICATE OF 9.00 AM - 10.30 AM

EDUCATION HIGHER GRADE

e Paper I

Read Carefully

1
2

All questions should be attempted.

The following data should be used when required unless otherwise stated.
Speed of light in vacuum ¢ 3:00x108ms™ | Planck’s constant h 6:63x10*Js
Charge on electron e -1-60x107'° C | Mass of electron m, 911 x 10" kg
Acceleration due to gravity g 98 ms? | Mass of proton mj, 167 x 10 kg

Section A (questions 1 to 30)

3

4
5
6

~

Check that the answer sheet is for Physics Higher | (Section A).
Answer the questions numbered 1 to 30 on the answer sheet provided.
Fill in the details required on the answer sheet.

Rough working, if required, should be done only on this question paper, or on the first two pages of the
answer book provided—not on the answer sheet.

For each of the questions 1 to 30 there is only one correct answer and each is worth 1 mark.
Instructions as to how to record your answers to questions 1-30 are given on page two.

Section B (questions 31 to 37)

9
10
11

12

Answer questions numbered 31 to 37 in the answer book provided.
Fill in the details on the front of the answer book.

Enter the question number clearly in the margin of the answer book beside each of your answers to
questions 31 to 37.

Care should be taken not to give an unreasonable number of significant figures in the final answers to
calculations.
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SECTION A

For questions 1 to 30 in this section of the paper, an answer is recorded on the answer sheet by
indicating the choice A, B, C, D or E by a stroke made in ink in the appropriate box of the answer
sheet—see the example below.

EXAMPLE

The energy unit measured by the electricity meter in your home is the
A ampere

kilowatt-hour

watt

coulomb

0o QW

volt.

The correct answer to the question is B—kilowatt-hour. Record your answer by drawing a heavy vertical line
joining the two dots in the appropriate box on your answer sheet in the column of boxes headed B. The entry
on your answer sheet would now look like this:

ooo0O

If after you have recorded your answer you decide that you have made an error and wish to make a change, you
should cancel the original answer and put a vertical stroke in the box you now consider to be correct. Thus, if
you want to change an answer D to an answer B, your answer sheet would look like this:

000ED

D

A

If you want to change back to an answer which has already been scored out, you should enter a tick (v') to the
RIGHT of the box of your choice, thus:

0

B D E

000-0800

B

A
A7
A
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SECTION A

Answer questions 1-30 on the answer sheet.

1. A long-distance athlete runs from point P to
point Q and then jogs to point R.

North

3:0 km

<

4-:0 km

She takes 20 minutes to run from P to Q and
then a further 40 minutes to jog from Q to R.

Which row in the following table correctly
gives her average speed and her average
velocity for the whole journey from P to R?

Awverage speed Awverage velocity
A | 70kmh™’ |50kmh™ ona bearing of 143°
B | 70kmh” |7:0kmh ™ on abearing of 127°
C | 70kmh™ |50kmh™ on a bearing of 127°
D | 50kmh” |7:0kmh™ on a bearing of 127°
E | 50kmh™ |50kmh™ on abearing of 143°
[3220/201]

2. The velocity-time graph for an object
travelling along a straight line is shown below.

velocity/m 5

time/s

The displacement of the object during the first
12 seconds is

A 18m
B 24m
C 30m
D 36m
E 54m.

[Turn over
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3. The velocity-time graph for an object 4. In the equation s =ut+ %al‘2 for an object moving
travelling in a straight line is shown below. in a straight line with a uniform acceleration
“a”, the term “ut” represents

A the initial velocity of the object

v
B the initial acceleration of the object
0 C the velocity of the object after ¢ seconds
. D the acceleration of the object after

t seconds

E the displacement of the object after
t seconds if the acceleration is zero.

Which one of the following is the corresponding

acceleration-time graph? ] ) '
5. A motorcycle stunt involves crossing a ravine

from P to Q. The motorcycle is travelling

A ) horizontally when it leaves point P.
= e
0 ; qQ % P
B - —
0 , 80:00 m
78:75m
C a
0 ; Y
>
10-00 m
D a Neglecting air resistance and taking the
acceleration due to gravity to be 10m s_z, the
time taken to cross the ravine from P to Q is
0 ; A 0-125s
B 0:25s
C 05s
B D 10s
a
E 40s.
0 t
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6. A crane on an oil-rig is used to raise a sunken 9.
buoy from the seabed. The weight of the buoy
is 49900 N and the buoyancy force (upthrust)
acting on it is 1000 N. When the buoy is being
raised vertically at a constant speed, a force of
800 N acts on it due to water resistance.

What is the size of the force which the vertical
cable applies to the buoy?

A 200N

B 1800N

C 3100N

D 4700N

E 6700N

. The graph below shows how the force, F,

exerted on an object varies with time ¢.
F
10.
0 t
The area under the graph represents the object’s
change of
A acceleration
B velocity
C momentum
D kinetic energy
E potential energy.

. A spacecraft of mass 1200kg has landed on a
planet where the gravitational field strength is
5Nkgl. The spacecraft rests on three pads,
each of contact area 0-5m2. The pressure
exerted by these three pads on the surface of
the planet is
A 80x102Pa
B 40x103Pa
C 7-8x10°Pa
D 9:0x103Pa
E 1:2x10*Pa.

[3220/201] Page five

A girl wrote the following statements in her
physics notebook.

I The pressure of a fixed mass of gas varies
inversely as its volume, provided the
temperature of the gas remains constant.

II The pressure of a fixed mass of gas varies
directly as its kelvin temperature, provided
the volume of the gas remains constant.

IIT A temperature change of 20°C in a gas is
the same as a temperature change of
293 K.

Which of the above statements is/are correct?
A Tonly

IT only

III only

I and II only

IT and III only

W g Q w

On a cold morning, a motorist checks the
pressure of the air in one of her car tyres. It is
found to be 3-0 X 10°Pa at a temperature of
2:°€;

After a long run on a motorway, the
temperature of the air in the tyre rises to 57 °C.
The volume of the air in the tyre remains
constant and no air escapes.

Which row in the following table gives the
correct value of the final pressure of the air in
the tyre and a correct statement about the final
density of the air in the tyre compared to the
initial density?

Final pressure of air | Final density of air
A 86 x 100 Pa greater
B 8:6 % 10° Pa same
C 8:6 X 10° Pa less
D 3:6 X 10° Pa same
E 3:6 x 105 Pa less

[Turn over




11. A pupil is given three resistors of values 2:0Q, 13. When the potential difference across a heater of
3:0Q and 6-0Q. resistance R ohms is I/ volts, there is a current

She is told to connect all three resistors of I amperes in the heater.

together.
What are the values of the smallest possible :+ v >
resistance and the largest possible resistance
which she could obtain by connecting all three I
resistors?
] T T e
R
Smallest resistance/Q| Largest resistance/QQ
The power of the heater, in watts, is given by
A 1-0 36:0
A IR
B 1-0 11-0
2
C 2:0 360 X
N R
D 20 11-0
¢ 7
E 4-0 360
D VR
E I®
12. In the following circuit, the battery has an
e.m.f. of 6 V and negligible internal resistance.
sy 14. A pupil he following circui
i_ ______ ¥ I__ . pupil sets up the following circuit to measure
the internal resistance r of a battery.
W)
N2,
e X
-
i ] ' '
2Q \
S
The energy required to move one coulomb of
charge round this circuit is 100-0€
A 3]
The reading on the voltmeter is 12:0V when
6] switch S is open. The reading drops to 10-0V
C 127 when switch S is closed.
D 18] The internal resistance of the battery is
E 72] A 000Q
0-05Q
C 167Q
D 200Q
E 100-0Q.
[3220/201] Page six




15. A balanced Wheatstone bridge circuit is set up
as shown.

+
1-5Vd.c.

supply

Which of the following changes will cause the
Wheatstone bridge to be changed to an out-of-
balance condition?

I Doubling the value of R, and doubling the
value of R,

II Doubling the value of R, and doubling the
value of R,

IIT Doubling the voltage of the supply

A Tonly

B Ilonly

C TIandIIonly
D II and III only
E I, IIand III

[3220/201]

16. An alternating voltage produces a trace on an
oscilloscope screen as shown in Figure 1. The
boxes on the screen measure 1 cm X 1 cm.

The time-base setting of the oscilloscope is
50 milliseconds per centimetre.

1 I oz 1%
cm
>
1.6 Figure 1
//' h.N
I \ f
1cm
>
lcm Figure 2

How should the oscilloscope controls be
adjusted to change the trace on the screen to
that shown in Figure 2?

A increased i
B unchanged =
C unchanged %
L increased -
E decreased o

[Turn over
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17. A resistor is connected across a signal 18. The farad is equivalent to the
generator, as shown below. A valtper conlamh
B 1t
A ampere per vo
C joule per coulomb
D coulomb per volt
e I -
E  coulomb per joule.
The rms. voltage of the signal generator 19. In the following circuit, a capacitor is being
Temalns constant, charged up from a d.c. supply. The graph
Which of the following graphs shows how the shows how the charge on the capacitor depends
r.m.s. current [ varies with frequency f in this on the p.d. across the capacitor.
circuit?
R et
A I
O
0 — I
f H
B 1
charge/mC 4 -~-~-~-~-~-"=""=-"="-"=-"=-=-"-=--5 |
|
|
3 I
|
0 |
f 2 |
|
|
1 I
C I I
|
0 T T I
2 4 8
p.d./V
0
f
The energy stored in the capacitor when the
D I p.d. across it is 8 V is
A 0:25m]
\ 0'5 mJ
0 F C 16m]
D 32 m]
E 128 m].
B I
0
f
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20. The following operational amplifier circuit is set up.
Supply voltages of +9V and -9V are used for the op-amp.
The input voltage V, is adjusted so that it rises steadily from OV to 6V in 3 seconds, as shown in the

graph.
L v, fvolts
L 1 6
: 1012 ~ IV | e
L] :D‘P o . 1 12 13
> _9V t/seconds
-3
v, v,
-6
O O

ov

Which of the following graphs shows the correct variation of output voltage V, against time?

A 1, volts B V7, /volts
12 12
6 6
0 ! 23 t/seconds 0 ! 2 L5 t/seconds
6T 6
-12 -12
C  V,/volts D V, /volts
12 12
6 6 //
0 \1\ £ 13 t/seconds 0 1 2 13 t/seconds
-6 -6
-12 -12
E V, [volts
12
6 e
0 1 2 13 t/seconds
-6
-12

[Turn over
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21. A ray of monochromatic light of frequency 22. A student uses a beam of laser light to
60 x 10'* Hz in air is incident upon a block of investigate critical angle. He wuses two
glass of refractive index 15, as shown below. semicircular blocks made from different

transparent materials, P and Q. In the
following diagrams, the incident rays of light
are shown at their critical angles.
air
laser light
normal— — — —
65°
550 air ’ air
|/ material P -
I
I
Which row in the table below gives the angle of
refraction and the frequency of the light in the Tsser ks
block of glass?
Angle .of refraction | Frequency in glass/ ol g
in glass Hz I
| “material Q &
A 37° 6-0 x 1014 g e
[
B 37° 40 x 101
C 16° 6-0 X 1014 Which of the following statements is/are true?
I Material P has a higher refractive index
D 16° 4-0 x 101* than material Q.
E 370 9-0 x 1014 II The wavelength of the laser light is longer
inside material P than inside material Q.
IIT The laser light travels at the same speed
inside materials P and Q.
A Tonly
B Il only
C IIlonly
D Iand Il only
E I, II and III
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