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Data

speed of light in free space,
permeability of free space,
permittivity of free space,
elementary charge,

the Planck constant,
unified atomic mass constant,
rest mass of electron,

rest mass of proton,

molar gas constant,

the Avogadro constant,

the Boltzmann constant,
gravitational constant,

acceleration of free fall,
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¢=3.00x108ms"
P = 4w x 1077 Hm™!
€ =8.85x10"12Fm1
e=1.60x10"19C
h=6.63x103*Js
u=1.66x10"27 kg
m, =9.11 x 10731 kg
m, = 1.67 x 10 kg
R = 8.31 JK~' mol~!
N, = 6.02 x 1023 mol~"
k=1.38x10"23 JK1
G=6.67x10"1"" Nm2kg2

g=9.81ms2
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Formulae

uniformly accelerated motion,

work done on/by a gas,

gravitational potential,
simple harmonic motion,

velocity of particle in s.h.m.,

resistors in series,

resistors in parallel,

electric potential,

capacitors in series,
capacitors in parallel,
energy of charged capacitor,
alternating current/voitage,

hydrostatic pressure,

pressure of an ideal gas,

radioactive decay,

decay constant,

critical density of matter in the Universe,

equation of continuity,

Bernoulli equation (simplified), p; +

Stokes’ law,
Reynolds’ number,

drag force in turbulent flow,

s = ut+3at?
v2 = u2+2as

W=pAV
~_ Gm
r
a=-w3x

F:’=R1+F:’2+.

1R =1/R, + 1Ry +..

__Q
B 4meyr

1/C=1/C, +1/C, +...

C=C,+C,+...
w=1lav
X = X, sin @t
p = pgh
=1M 2
p=3 V<C>
X = X, exp(— Af)
2= 0.693
i
3H,?
Po= 8nG

Av = constant

1 02— 1 42
IPVI= Pyt 3PV

F=Arqgv

vr
Re=—pT

F= BI‘2pV2
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Answer all the questions in the spaces provided. ¥
1 Complete Fig. 1.1 to show each quantity and its unit [4]
quantity unit
speed ms™
density | e
.............................. s
electric field strength | ..o,
.............................. kgms™
Fig. 1.1
2 (a) (i)

Define displacement.

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

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

(ii) Use your definition to explain how it is possible for a car to travel a certain distance
and yet have zero displacement.

-----------------------------------------------------------------------------------------------------------------------------------

-----------------------------------------------------------------------------------------------------------------------------------

[3]
(b) A car starts from rest and travels upwards along a straight road inclined at an angle of
5.0° to the horizontal, as illustrated in Fig. 2.1.

u///’/cxsmr\//

i
i
I‘
i
h car, '
' mass 800kg
‘l
i
1
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The length of the road is 450 m and the car has mass 800kg. The speed of the car
increases at a constant rate and is 28m s~ at the top of the slope.

(i) Determine, for this car travelling up the slope,

1. its acceleration,

acceleration = .........ccceeuieeviieeiiieennnn. ms—2 [2]

2. the time taken to travel the length of the slope,

timetaken = ....cciiiii s [2]

3. the gain in kinetic energy,

gainin kinetic energy = .......ccocvviiiiiiiiiiiiiniinennn J [2]
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4. the gain in gravitational potential energy.

gain in potential energy = .......c.coeiiiiiiiii e J 3]

(if) Use your answers in (i) to determine the useful output power of the car.

POWET = .ieiiiieeicieeee e recneeaenen W [3]

(iii) Suggest one reason why the actual power output of the car engine is greater than
that calculated in (ii).

...................................................................................................................................
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(a) Fig.3.1 shows the variation with tensile force of the extension of a copper wire. %

extension A

0 force

Fig. 3.1
(i) State whether copper is a ductile, brittle or polymeric material.

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

(ii) 1. On Fig. 3.1, mark with the letter L the point on the line beyond which Hooke’s
law does not apply.

2. State how the spring constant for the wire may be obtained from Fig. 3.1.

---------------------------------------------------------------------------------------------------------------------------
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(b) A copper wire is fixed at one end and passes over a pulley. A mass hangs from the free
end of the wire, as shown in Fig. 3.2.

2.5m

A
... X

pointer

copper wire

mass

Fig.3.2
The length of wire between the fixed end and the pulley is 2.5 m. When the mass on the
wire is increased by 6.0 kg, a pointer attached to the pulley rotates through an angle of
6.5°. The pulley, of diameter 3.0 cm, is rough so that the wire does not slide over it.

(i) For this increase in mass,

1. show that the wire extends by 0.17 cm,

2. calculate the increase in strain of the wire.

INCrease iN StraIN = ....ocovieere e e eereasviernesans

[4]
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(i) The area of cross-section of the wire is 7.9x10~"m2. Calculate the increase in
stress produced by the increase in load.

iNcrease iN Stress = ......ccocvvvvieeiinnernneenann, Pa [3]

(ili) Use your answers to (i) 2 and (ii) to determine the Young modulus of copper.

Young modulus = ......ccovvninniiiiniineenens. Pa [2]

(iv) Suggest how you could check that the elastic limit of the wire is not exceeded when
the extra load is added.

...................................................................................................................................
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4 (a) State three conditions that must be satisfied in order that two waves may interfere.

(b) The apparatus illustrated in Fig.4.1 is used to demonstrate two-source interference
using light.

¥
L

> _____
light, - z a

wavelength_4 R

doubie
slit

screen
Fig. 4.1 (not to scale)
The separation of the two slits in the double slit arrangement is a and the interference
fringes are viewed on a screen at a distance D from the double slit. When light of
wavelength A is incident on the double slit, the separation of the bright fringes on the
screen is X.

(i) 1. Suggest a suitable value for the separation a of the slits in the double sfit.

...........................................................................................................................
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(ii) Describe the effect, if any, on the separation and on the maximum brightness of the vee

fringes when the following changes are made.
1. The distance Dis increased to 2D, keeping a and A constant.
EST=T o= = [ o DA SO PRRP
Maximum DrghtNeSsS: ....c..ccecviiiicii s e
2. The wavelength 1is increased to 1.5A, keeping a and D constant.
7= oz [ =1 1T 1 TN
Maximum brghINeSS: .....coviriicccirrs e e s s

3. The intensity of the light incident on the double slit is increased, keeping A, a
and D constant.

EST=T o2 U =1 1T | N

MaxXimum BAGRNESS: ..o e s e sne s s

[7]
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5 A filament lamp operates normally at a potential difference (p.d.) of 6.0V. The variation with ¥

p.d. V of the current I'in the lamp is shown in Fig.5.1.

60

I/'mA /

50

40

N\

30

N,

20

O\

10 7

VIV
Fig. 5.1

(a) Use Fig. 5.1 to determine, for this lamp,

(i) the resistance when it is operating at a p.d. of 6.0V,

FESISTANCE = oivvvriiine i iieie e e taneens Q

9702/2/M/JO3
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(if) the change in resistance when the p.d. increases from 6.0V to 8.0V.

change inresistance = .........ccocceviiiiviiiiiinniinenens Q

[4]

(b) The lamp is connected into the circuit of Fig. 5.2.

41_—j—_|——®—
200Q

Fig.5.2

R is a fixed resistor of resistance 200 Q. The battery has e.m.f. E and negligible internal
resistance.

(i) On Fig.5.1, draw a line to show the variation with p.d. V of the current I in the
resistor R.

(ii) Determine the e.m.f. of the battery for the lamp to operate normally.
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6 (a) A student is provided with a freshly prepared sampie of a radioactive material and the
count rate C from the source is found to vary with time t as shown in Fig. 6.1(a).

c A c f
Co Col
Co/21 Cy/2
Cy/4 Co/41
0 . . ] 0 . . .
0 50 100 150 45 0 50 100 150 ¢
Fig. 6.1(a) Fig. 6.1(b)

A second similar sample of the radioactive material is then prepared and the student
repeats the experiment, but with the sample at a higher temperature. The variation with
time of the count rate for the second sample is shown in Fig. 6.1(b).

State the evidence that is provided by these two experiments for

(i) the random nature of radioactive decay,

(ii) the spontaneous nature of radioactive decay.

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

(b) The radioactive source in (a) is an isotope of radon (*22Rn) that emits o-radiation to
become polonium (Po).

(i) State the number of neutrons in one nucleus of radon-220.
(310131 01T SR 1]

(i) Write down a nuclear equation to represent the radioactive decay of a nucleus of
radon.

........................ 3
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