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2
Answer all the questions.

SECTION A
Here is a list of units.
Nmkg™ Nkg™' Jm™ kgms™ ms™!
(@) Which one is a correct unit for gravitational field strength? A
.............. NRC& [1]

(b) Which one is a correct unit for gravitational potential? :

J = Nm (\N' 8 sB
The Big Bang theory states that the Universe has been expanding ever since it first appeared.

State and explain one piece of evidence for this theory.

The radial \/e|oc1}.& od Arstant valcuéw) on
measowed 53 red shijl- of Hheir s‘aec+va-
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3 The half-life of x* mesons at rest in a laboratory is 18 ns. When a beam of fast-moving a* mesons
move through the laboratory their measured half-life becomes 42ns.
By calculating the relativistic factor y for the x* mesons in the beam, determine their speed v
through the laboratory. \
ol Tily = 2 3P = /) A/
c=3.0x108ms™ = v
1 &
- J1=YYr = O-%2 & |- v = o-8%
- . L =
- vl o -Blb i V’L s OBkt \é- v 0-%6c
- —-—1': - F
C VE e, 1'7"0 ................ ms~' [3]
4  Fig. 4.1 shows the situation before and after the collision of two spacecraft in empty space.
1
200ms™ Oms
_—

25ms™!

BEFORE @ 350kg

—_—
AFTER

350kg

Fig. 4.1

(a) Use calculations to show that the collision conserves momentum but does not conserve
kinetic energy.

.~
P;m}td E 200x S0 = leOq- %Ms Came
Ppind = AS < 400 * Ix 10" Reyms™
v L/ = 6 — : t
Ec bl = DO L0 TE * lx ™ 1 no
L S camd
Exgnd = %00% 2§ Yo = PSSk
(3]
(b) Suggest why the collision does not conserve kinetic energy.
Eh@3 vsed 4o delovm Spa c«c,}l’.
1
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5 Which one of these four graphs A, B, C or D shows how the pressure p of a fixed mass of gas at a
constant volume V changes with kelvin temperature 77

pA
0
0 =r
pl
0
0 =l

PV:= nRT
V n R aw constark

o3
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5

A student calculates the motion of a mass of 0.25kg suspended by a spring of force constant
50Nm~'. The mass is displaced vertically from equilibrium by 0.030m at time ¢t= 0 and released.

The student uses Av=— % xAt followed by Ax = vAt to estimate the displacement of the mass at

time t=0.10s. N
P X = <200 ~-200x ©-03%x 0-0%
(a) Complete the table. M
t/s vims™ x/m Atls \ Avims™
\
0.00 0.00 0.030 0.05 — O-/;
0.05 - 0-3 0.015 0.05 -0.15

TO~otS + (——O~‘1~§~< O~OS) 3]

(b) The student uses the relationship x = Acos(2xff) to calculate the displacement of the mass at
t=0.10s as +0.0047 m.

Why is this value different from that obtained from the method of (a)?

method &) assomen \/elocd—vx v con stant

OLJVZN\LX QaC\f\ 0-0585 bv“{' eVVC‘A - 1]
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7 The table shows some measurements of air density at different temperatures at constant pressure.

Temperature/K Density/kgm™
273 1.29
283 1.25
293 1.20
303 1.16

Kinetic theory suggests that the density p of an ideal gas with particles of mass m and pressure p
is related to its kelvin temperature T by the equation

where k is the Boltzmann constant.

PSR -

- pm - ’DT = ~@r':\~ - CC)V\S{_.

Do the measurements support this equation? Justify your answer with calculations.

i PT-
723 1352
233 |25¢
29% |38\
207 l35\

pT—Lo constark 4o 2 si.
So 5@3 'H’\Q‘A oo Su()f)ov“

4he ecvuak los
[2]

8 The equation Lo —AN can be used to model the decay of a radioisotope.

at

Suggest how a value for the term A can be determined experimentally for the radioisotope.

Mewsoe ac‘h’u‘drj (— \QCLCYZf)VounA coil } ever

time ond enter dok Ol spead ek,
g A Q()@,\e&(ak cowe +o  data £ M
0“3’6)\%,) equation o aue valwe dor A

oR
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7
Fig. 9.1 shows a binary star system. Both stars have the same mass and radius.

Fig. 9.1

Fig. 9.2 shows four different attempts to sketch a gravitational equipotential curve in the binary star

system.
Which attempt A, B, C or D is correct?

: No el die
Sc no /}—o»/u’ nzedled
Yo wove cu\ovx% . >
ecYu ) Vc{evv‘: tal :
Also v sz()endllu% ‘ ‘
Q@ . id lines

Fig. 9.2

ANSWEBE. i sttt o s eeswsnavssvsivass [1]

[Section A Total: 20]

©OCR 2015 Turn over



8
SECTION B

10 This question is about possible flaws in an attempt to estimate a value for the gravitational constant
G using Earth-based observations.

The table contains the results of data required.

radius of Earth at equator 6.4 x10°m
mean density of surface rocks on Earth 2.7 x10%kgm™
period of Moon's orbit around the Earth 2.4 x108s
time for a laser pulse fired at the Moon to return 2.5s

(a) The Moon of mass m orbits the Earth of mass Min a circular path of radius rwith a period 7.
By setting the centripetal force on the Moon equal to its gravitational attraction to the Earth,
show that

V:Qﬂr :

T .

& re

w N s C‘M/r

ﬁ-TLlrlG:[LA’f]ﬁ mvE G Mm

- T2
" .T’L

; N 5 i
1 &1L oM . q S
‘L - 3 —
T C i s
(b) The mass M of the Earth can be estimated from its radius R and its density p.

Use the data for radius and density in the table to show that they give a value of M which is
about 3 x 10%4kg.

: 3
V = %—‘ﬂ,r’L

1-0ag8 > 10 w

"

3
1.0AZ x 10 x 27 x\0
[2]

Mass = vol x Olenéuh,)

"

14
2-96 < 10 hcs
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(c) The distance r from the centre of the Earth to the centre of the Moon can be estimated by
timing the return of laser pulses reflected from the Moon’s surface.
The relationship r= % can be used to estimate a value for r from the time interval Atbetween
the emission and return of a laser pulse.

(i) State two assumptions required for the relationship to be valid.

5‘)62,(1 o& lle‘VJ (on5FM£ -Hw\ljl«mu"d‘o.,vneg)

oot anmd retovn :JouV'\fW} Limer ae eq/ua,L
(con ique talchivehy smoll vadss of E2ny )

(i) Use the data from the table to calculate a value for rand hence show that the value of G
obtained from (a) and (b) is very different from the accepted value of 6.7 x 107" Nm?kg=2.

c=3.0x108ms™ s e A & RSN e 0% m
¥

\3
€. xW = (5= 0*)
. b 2 ~|
2% 0"T x (2 *x10°) i LA .(.).Nm"’kg‘z [2]

(iii) Suggest a reason why your calculated value of G is very different from the accepted
value. Justify your answer.

Valke do G u Yoo \ow%L A valwe
dJo M will ke doe smal en U bss
based  on dev\s\J—v) of voc ek sulaw.
Locks w mantle £ o have highe
densdy.

(2]

©OCR 2015 Turn over



10
11 This question is about the pressure of the atmosphere.

(a) Use the behaviour of air molecules to explain how the Earth’s atmosphere exerts a pressure
on the ground.

/ Your answer should clearly link the behaviour of the molecules to gas pressure.

A()’Q"‘V qas Molewl% collide
Lo\ V(:&voovxo\ and. Qx()e,v@&

oL C\'\av\a(, l‘N\ V"\OV’\QV\.“'UV"\ Oa—
M omentom

+vmsdexmcl Lo 2wV . This cl/\cw\gc on  momentom
vand wrolbks a  a drcvaz, arnd

PLQSSU\.Q, = FOV&/ALQJ\, i
[31

(b) The equation pV= % Nmc? relates the mean square speed c2of N gas molecules of mass mto
the pressure p and volume V of an ideal gas.

(i) By assuming that air at 20°C is an ideal gas, show that the root mean square speed of
its molecules is about 500ms™.

m=4.7 x 1026kg R o g
k=1.4x10728JK"1 PV :;) NV\ C NK \

R 9-62x 10°%

g "
m < B e

(31

"

KMS 5@)&:)& - o
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(ii) Atmospheric pressure at 20°C is typically 1.0 x 10°Pa.

Estimate the rate at which air molecules collide with an object of surface area 0.56 m? to
provide this pressure.

- Anv
State one assumption you have to make. P = F/ A ) F=

Bt
F-pA = loxI0Sx 0-86m = S-6xI0" N
Fzﬂ\.&@l’ . Wilew ¢ Soein’ (At | sec)
A\v .
<k = 5°6%107/sik) = 5% Ry
27
[\"O 0" MO‘Q(")LV) collision rate = ............ ' ‘léxlol ........... s [4]
(collisions) = 649 e
4.7% |07

©OCR 2015 Turn over



12
12 (a) The circuit shown in Fig. 12.1 is used to determine the capacitance of a capacitor.

NS
T

6.0V 8 =0

®
Fig. 12.1
The switch S is closed at time t = 0s. This allows the 6.0V battery to charge the capacitor C.

The switch is then opened at time t= 20s, allowing the capacitor to discharge through resistor
R. The graph of Fig. 12.2 shows how the current 7 in the ammeter varies with time.

3.0

I/mA
2.5

.-

2.0 N

1.5

1.0

0.5

0.0

0O 10 20 30 40 50 60 70 80 90 100

20 64 t/seconds

Fig. 12.2
Use the data to

(i) show that R has a value of about 2kQ

({: V/I = G/2_7,< ‘0'3 = 2E%L -Q
(1

(ii) calculate a value C for the capacitance of C.
K(, - 3 = ‘EIML dcv (] (If. lonee V 2 I) to d»aM bo
3% <) R % [

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

V% & 27 = 1-0V
t\-me_ = 61- 20 = T4

+9s/200a = ©0-022

©OCR 2015
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(b) A 470pF capacitor is placed in the circuit of Fig. 12.3.

I

6.0V | m—— 470 1F (V high resistance voltmeter

Fig.12.3
When the switch S is opened, the reading on the voltmeter decreases by 0.12V in 60s. This is
because the insulator which separates the capacitor plates does not have infinite resistance.

Charge is able to flow directly from one plate to another through the insulator, making a
leakage current.

(i) Calculate the leakage current in the insulator.

(= ®fy - @=CV = 470x10° x 01V = 56410 C
ps B s 5-64x 107 /(o = Adxi0” A

leakage current = . O - C‘ C\~ LA [2]

(i) Leakage current increases with temperature. The Boltzmann factor can be used to
predict that the leakage current / is related to the temperature T by the equation
I= Ae?kT where Ais a constant.

Suggest the meaning of the quantity ¢ in this equation.

En%a.ﬁ neaded da/ clectvon 4o condock

(;\/\ -H\Q, 2)/\50'0\)"0\!" /;\um‘) -"0 Cor\clo c*\';of'\
band
[2]

(ili) The leakage current rises from 1.0pA to 10pA as the temperature of the capacitor

increases from 300K to 400K. Calculate the _value qf E. ~¢
' R T e
k=14x108Jk" [ |n T = "-f—(— "‘F +InA |nI‘ &3 K

% mI_‘\'C/' ‘/T

Y

,l_i(‘ x \o"’)— | (lo-do“") ok
/300 - Usets = 3‘01(\0 .............. J12]

\

S €= - vadx K

\!

%VC\O‘ I.Q w k

=TS
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13 This question is about avoiding resonant oscillations in an earthquake.
The lift in a skyscraper can be modelled as a mass suspended by a spring from the top of the
building. The lift will therefore have a natural frequency of vertical oscillations f,. If the value of £,
lies within the range 2Hz—-0.2Hz, there is a risk that surface waves from an earthquake will set the
lift into resonance.

(a) Explain why it is important to design the lift so that it cannot be easily set into resonance.
QMP'CL&»O{& OGL oscl atiown  LAL bec OME.
‘ oxge and  the wble stvan m ay ex el
Scu}?/ imcks  amd  sw ap. Tc soold akso
shake am v OCCuPavva op g doumn |

[2]
(b) Fig. 13.1 shows a lift cage suspended by steel cables from the top of a tall building.
Here are some data for a typical lift.
mass of empty cage 1500kg {L———Iift motor
maximum load of 8 people 640kg
maximum length of cable 300m
|_-cables
overall cross-sectional area of cables 2.5x10%m? vl
Young modulus of steel 2.0x 10" Pa R
building

yield stress of steel 2.5 x 108Pa

.*~ lift cage

vibrating ground ]

Fig. 13.1

(i) Show that the force constant k of a cable of length L, cross-sectional area A and Young
modulus E is given by

@
= 8 =
o i = e s B B P B e
A E A
sob @ W @ ° k = EAF ) E A -
ot b

©OCR 2015
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(ii) Use calculations to show that the lift is in danger of resonance from earthquake waves
when it contains a maximum load and the cables are at their maximum length.

m o . |"\L
-1 Sem— - S /(.

peale k= = Jeow =4 Be

i

¢ H2 v w He 0-2-72He vrange,

(3]

(c) (i) Suggest why it is impractical to make the lift safe from resonance by adding some
damping.

Duv;nt\ o?@vcﬂ\bﬂ 'H\€ \C(Hr“ needs 4’0 wove
Wi\ UP and O{OD\/\ He S'/\C'\C/}l".

(ii) Suggest and explain one other practical modification to the lift which would reduce the
risk of resonance in an earthquake.

(1]

/ Your answer should clearly explain how your suggestion reduces the risk.

Thncwkae  mass o* \Td/(f so  thek nokoved
&tﬁq{o@\w\ C}C«MS Mou He ©0-2-2 Ho
Aass K e EL{ j_-v‘f; a \f\ic)he/v [2]
: [Section B Total: 40]
Mass  qiven lovew dveowem o

END OF QUESTION PAPER
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