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Data
speed of light in free space ¢ =3.00x 108ms™’
permeability of free space py =4mx 10"Hm™
permittivity of free space g =885x107"2Fm™

(47250 =8.99 x 10°mF™)
elementary charge e=1.60x10""C
the Planck constant h=6.63x10*Js
unified atomic mass unit 1u =1.66 x 107 kg
rest mass of electron me = 9.11 x 10"'kg
rest mass of proton m, = 1.67 x 107" kg
molar gas constant R =8.31JK"'mol™
the Avogadro constant Na = 6.02 x 102 mol™
the Boltzmann constant k=1.38 x 102 JK™
gravitational constant G =6.67 x 107" Nm?kg™
acceleration of free fall g =9.81ms™
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Formulae

uniformly accelerated motion

work done on/by a gas
gravitational potential
hydrostatic pressure

pressure of an ideal gas

simple harmonic motion

velocity of particle in s.h.m.

Doppler effect

electric potential

capacitors in series
capacitors in parallel
energy of charged capacitor
electric current

resistors in series

resistors in parallel

Hall voltage

alternating current/voltage

radioactive decay

decay constant

© UCLES 2016

s = ut+ Lat?
v? = uy? + 2as

W = pAV
9=

p = pgh

p = 13/\\//_m<02>
a=-0x

vV = Vg COS wt

V=t (X2 x?)

_ kv

fo = vty
I )

- _Q
v 4reyr

1/C=1/Ci+1/Co+ ...

C=Ci1+Cy+...
W= 1qQv
I =Anvq
R=R{+Ry+...

1/R=1/Ri+1/R+ ...

VH = B_I
ntq
X = Xp Sin ot

X = Xo exp(—A4f)

;= 0.?93

9702/11/M/J/16

GradeMax

[Turn over



GradeMax
Physics - 2016 - May/Jun - Paper 11 - QP - Cambridge

4

1 Three wires each exert a horizontal force on a vertical pole, as shown.

Which vector diagram shows the resultant force R acting on the pole?

A B C D

2 Which pair of quantities do not have the same SI base units?
A electromotive force and electric potential difference
B pressure and stress
C spring constant and moment of a force
D

torque and work
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3 Aliftis supported by two steel cables, each of length 10m and diameter 0.5cm.

A

cables<— | 10m

NOT TO
SCALE

The cables extend by 1 mm when a man of mass 80kg steps into the lift.

What is the best estimate of the value of the Young modulus of the steel?

A

B
C
D

2 x 10"°°Nm™
4 x10"°Nm™
2x10"Nm™
4 x 10" Nm™

4  When performing an experiment, a student should minimise the uncertainty of any measurement.

In which case is the student reducing the systematic error in a measurement?

A

adjusting a voltmeter needle pointer to the zero position before using it to measure a
potential difference

measuring the diameter of a wire at several points and orientations
measuring the mass of 100 paperclips to determine the mass of one paperclip

timing 20 oscillations of a mass on a spring to determine the period of one oscillation
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5 A calibration graph is produced for a faulty ammeter.

A
1.0
ammeter
reading/A —
///
/ /
0 &
0 1.0
true
current/A
Which ammeter reading will be nearest to the true current?
A 02A B 04A C O0.6A D O0.8A

6 A car accelerates uniformly from velocity u to velocity v in time t.

velocity j

U

e
o

time

<

On the graph, which area equals the distance travelled by the car in time t?
A NPTU + PQST

B NPWV +VRSU

C NPWV +WRST

D PST+PQS

© UCLES 2016 9702/11/M/1J/16
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7 A student uses a spring gun to launch a steel ball with a constant horizontal velocity. He varies

the height h of the gun and measures the horizontal displacement r of the ball when it hits the
ground.

O
O

I
— e
I

' r

Which graph shows the variation with height h of the horizontal displacement r?

A B

r r

O0 h‘ O0 h‘
o D

r rl

O0 h= O0 h=

8 Twocars XandY are positioned as shown at time t = 0.
They are travelling in the same direction.

X is 50m behind Y and has a constant velocity of 30ms™. Y has a constant velocity of 20ms™".

50m

What is the value of t when X is level with Y?

A 10s B 1.7s C 25s D ©50s
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9 Which statement about a perfectly elastic collision between two bodies in an isolated system is
correct?

A

B
Cc
D

Both total kinetic energy and total momentum are conserved.

Total kinetic energy is conserved, but total momentum is not conserved.

Total momentum is conserved, but total kinetic energy is not conserved.

Neither total kinetic energy nor total momentum is conserved.

10 Two spheres approach each other along the same straight line. Their speeds are u; and u,
before they collide. After the collision, the spheres separate with speeds v; and v, in the
directions shown below.

uy u, Vi Vs
— —— —_— —_—
before collision after collision

The collision is perfectly elastic. Which equation must be correct?

A

B
C
D

Ui —Uu;=Vvy+ vy
Ui — Uz = Vo —Vyq
Upt Uy =Vvy+ vy

Uy + Uy = Vy—Vvq
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11 The diagram shows a man standing on a platform that is attached to a flexible pipe. Water is
pumped through the pipe so that the man and platform remain at a constant height.

flexible pipe

water in —» — | platform

—) B

l vertical jet of water out,
mass flow rate 40kgs™’

The resultant vertical force on the platform is zero. The combined mass of the man and platform
is 96kg. The mass of water that is discharged vertically downwards from the platform each
second is 40kg.

What is the speed of the water leaving the platform?

A 24ms™ B 69ms™ C 24ms™ D 47ms™

12 Forces are applied to a rigid body. The forces all act in the same plane.
In which diagram is the body in equilibrium?
A B C D

F AF AF AF

——
N|—=
71

|
A

I
1 V%F
F F
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13 A solid metal cylinder stands on a horizontal surface, as shown.

area A

surface

The cylinder has length x and cross-sectional area A. The cylinder exerts a pressure p on the
surface. The acceleration of free fall is g.

Which expression gives the density of the metal of the cylinder?

A ¥ B P c ¥ p PA

p gx PA ax

14 A trailer of weight 30kN is attached to a cab at X, as shown in the diagram.

/ |

i “ 1o\
trailer >.(

©

cab

Y
30kN

i 10m

[
-

.
| o

What is the upward force exerted at X by the cab on the trailer?

A 3kN B 15kN C 30kN D G60kN

15 The diameter of a solid metal sphere is measured using a micrometer screw gauge. The diagram
shows an enlargement of the shaft of the micrometer screw gauge when taking the
measurement.

The mass of the sphere is 0.4509.

What is the density of the metal used to make the sphere?

A 965kgm™ B 1340kgm™> C 7720kgm™ D 10700kgm™

© UCLES 2016 9702/11/M/1J/16
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16 Some gas in a cylinder is supplied with thermal energy q.

The gas does useful work in expanding at constant pressure p from volume V, to volume Vg, as

shown.
. volume V.
S
1 1 I
D 1
gas | — D
pressure p— | N
|
- . ¥
' volume V; '
Which expression gives the efficiency of this change?
A pPVy B Ve c pP(Ve—Vy) D Ve—-V)
q Voq q Voaq

17 The power P required to move an object through a medium at constant speed depends on the
speed v and the resistive force F acting on the object.

The resistive force F also depends on the speed v.

Which row shows a possible relationship between speed v, resistive force F and power P?

resistive force F power P
A proportional to v constant
B proportional to v proportional to v
C proportional to v? proportional to v?
D proportional to v?2 proportional to v*

18 Which amount of energy is not 2400 J?

A the decrease in gravitational potential energy of a body of mass 60 kg when it moves
vertically downwards through 40 m near the Earth’s surface

the energy transferred in 15s by a machine of power 160 W
the kinetic energy of a body of mass 12 kg moving at a speed of 20ms™

D the work done by a gas expanding against a constant external pressure of 120 kPa when its
volume increases by 0.020 m®
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19 A hammer with 10J of kinetic energy hits a nail and pushes it 5.0mm into a plank.
Both the hammer and nail come to rest after the collision.

What is the approximate average force that acts on the nail while it moves through 5.0 mm?

A 0.050N B 20N C ©&0N D 2000N

20 A number of identical springs are joined in four arrangements.
Which arrangement has the same spring constant as a single spring?

A B Cc D

load

load load load

21 A sample of material is stretched by a tensile force to a point beyond its elastic limit. The tensile
force is then reduced to zero. The graph of force against extension is shown below.

A
force

Y4

0 >
0 extension

’ s

Which area represents the net work done on the sample?

A X B X+Y C Y+Z D Z

22 Two sound waves have frequencies of 250 Hz and 300 Hz. The speed of sound is 340ms™".

What is the difference between the wavelengths of the two waves?

A 023m B 1.1m C 14m D 6.8m

© UCLES 2016 9702/11/M/1J/16
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24

25

26

27

13

Which electromagnetic waves have the wavelengths of 102?m, 10°m, 107"°m and 107"*m?

10”?m 10°m 10™""m 10"°m
A infra-red microwaves visible light X-rays
B microwaves infra-red X-rays gamma rays
C microwaves visible light ultraviolet gamma rays
D radio waves microwaves ultraviolet X-rays

Which statement concerning a stationary wave is correct?

A All the particles between two successive nodes oscillate in phase.

B The amplitude of the stationary wave is equal to the amplitude of one of the waves creating it.
C The wavelength of the stationary wave is equal to the separation of two adjacent nodes.
D

There is no displacement of a particle at an antinode at any time.

Continuous water waves are diffracted through a gap in a barrier in a ripple tank.

Which change will cause the diffraction of the waves to increase?
A increasing the frequency of the waves

B increasing the width of the gap

C reducing the wavelength of the waves

D

reducing the width of the gap
A parallel beam of light of wavelength 450 nm is incident normally on a diffraction grating which
has 300 lines/mm.

What is the total number of intensity maxima observed?

A 7 B 8 cC 14 D 15

Fringes of separation x are observed on a screen 1.00 m from a double slit that is illuminated by
yellow light of wavelength 600 nm.

At which distance from the slits would fringes of the same separation x be observed when using
blue light of wavelength 400 nm?

A 0.33m B 0.67m C 0.75m D 150m
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28 A charged particle is moving in a uniform electric field.

For the motion of the particle due to the field, which quantity has a constant non-zero value?

A

B
C
D

acceleration
displacement
rate of change of acceleration

velocity

29 Which diagram could represent the electric field lines between two oppositely charged conducting
surfaces?

By
Ry il

30 There is a current in a resistor for an unknown time.

Which two quantities can be used to calculate the energy dissipated by the resistor?

A

B
C
D

the current in the resistor and the potential difference across the resistor
the resistance of the resistor and the current in the resistor
the total charge passing through the resistor and the potential difference across the resistor

the total charge passing through the resistor and the resistance of the resistor

© UCLES 2016 9702/11/M/1J/16
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31 Two copper wires of equal length are connected in parallel. A potential difference is applied
across the ends of this parallel arrangement. Wire S has a diameter of 3.0mm. Wire T has a
diameter of 1.5mm.

currentinS

What is the value of the ratio - /
currentinT

A% B% c 2 D 4

32 A 100Q resistor conducts a current with changing direction and magnitude, as shown.

A
2 —
current/A
0 >
0 1 2 3 4 5 6 7 8l .
time/ms
-1 -
What is the mean power dissipated in the resistor?
A 100W B 150W C 250w D 400W
33 Which graph shows the I-V characteristic of a filament lamp?
A B C D
A A A A
I I I I
00 ¥ > 00 ¥ > 00 ¥ > O0 ¥ >
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34 In the circuit shown, X is a variable resistor whose resistance can be changed from 5.0Q to

35

500Q. The e.m.f. of the battery is 12.0V. It has negligible internal resistance.

1

40Q

—_—
120V | I—l
o
/

X / output
/T T

What is the maximum range of values of potential difference across the output?

A 13Vto11.1V
B 13Vto12.0V
C 15Vto11.1V
D 15Vto12.0V

There is a current from P to R in the resistor network shown.

3V 6V

<—>Q<—>

Po—e —oOR

- S

5V
The potential difference (p.d.) between P and Q is 3V.
The p.d. between Qand Ris 6V.
The p.d. between P and Sis 5V.

Which row in the table is correct?

p.d. between p.d. between
Qand S SandR
A 2V 4V
B 2V 10V
Cc 3V 4V
D 3V 10V

© UCLES 2016 9702/11/M/1J/16
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36 Two resistors of resistances Ry and R, are connected in parallel.

What is the combined resistance between X and Y?

R/ R, c Ri*R b R

A R+ R B
Ri+R, RiR> R>

37 A voltmeter is used to monitor the operation of an electric motor. The motor speed is controlled
by a variable resistor. A fixed resistor is used to limit the speed.

The current in the motor is gradually changed.

In which circuit is the voltmeter reading proportional to the current in the motor?

O
1 -
J)_/ -
+ e
A supply

=

J:/Ja = »—L///

B  supply

o

O
}—L =
F/ ] -
+ 7
C  supply

o

.l
— T
+ 7
D supply
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38 Which statement describes - decay in terms of a simple quark model?
A A down quark changes to an up quark and emits an electron and an electron antineutrino.
B A down quark changes to an up quark and emits a positron and an electron neutrino.
C An up quark changes to a down quark and emits an electron and an electron antineutrino.
D

An up quark changes to a down quark and emits a positron and an electron neutrino.

39 Which word equation represents B* decay?
A proton — neutron + electron + electron antineutrino
B proton — neutron + electron + electron neutrino
C proton — neutron + positron + electron antineutrino
D

proton — neutron + positron + electron neutrino

40 Which statement about the alpha-particle scattering experiment provides evidence for the
existence of the nucleus?

A Atiny proportion of the alpha-particles are deflected through large angles.
B Slower alpha-particles are deflected through larger angles.

C The kinetic energies of the deflected alpha-particles are unchanged.

D

The number of alpha-particles deflected depends on the thickness of the foil.
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