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Answer ALL questions.

1 A student investigated the relationship between the length / of a column of air and its
temperature 6 using the apparatus shown.

open end

Diagram not
to scale

capillary

tube \

drop of
concentrated

— sulfuric acid

air
- sample
[

closed end

A sample of air is trapped inside the tube between the closed end and the drop of
concentrated sulfuric acid.

(a) Suggest why one end of the tube is left open.

(b) The student suggested placing the apparatus in a beaker of boiling water and
allowing the water to cool. Boiling water is a hazard.

Explain one other reason why this method may be hazardous.
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( )
(c) The capillary tube was attached to a 30 cm ruler and placed in a beaker of water
at room temperature. The water was heated gradually and 6 was measured using
a thermometer.
(1) State two techniques that should be used to ensure the measurement of 6 is as
accurate as possible.
(2)
(i) The student recorded the following measurements.
0/°C I/cm
19.0 16.0
35.0 16.9
49.0 17.7
The student predicted that a graph of / against € could be used to estimate a
value for 4 at absolute zero as shown.
[/cm
I/’
0 at 6/°C
absolute
Zero
. J
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Discuss whether the student’s measurements would lead to an accurate value of
0 at absolute zero.
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2 A student investigated Lenz’s law using the apparatus shown.

t
I/ magne

—]

/ copper tube

The student dropped the magnet into the copper tube and measured the time ¢ for the
magnet to reach the bottom of the tube.

(a) The student had a large number of copper tubes of different lengths x. He predicted
that the magnet would fall with constant acceleration a inside the copper tubes.

Devise a plan, using a graphical method, to test this prediction.
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(b) Explain a possible source of error in this investigation.
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3 Aradioactive source emits beta radiation and gamma radiation.
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(a) State two precautions that should be taken when using this source.
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(b) The radiation emitted from a radioactive source can be investigated using the
apparatus shown. The Geiger-Muller (GM) tube detects beta radiation and
gamma radiation.

GM tube

radioactive '}
source

________________ ratemeter

The ratemeter displays the count rate from all radiation detected by the GM tube.

Explain why the background count rate should be measured.
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where C| is the initial count rate and 4 is the decay constant.

Explain how a graph of In C against 7 can be used to determine a value for /.
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(d) The source contained two radioactive isotopes, X and Y. The table below shows the
corrected count rate as the isotopes decayed.

t/hours C/s!

0.00 633

2.00 217

4.00 167

6.00 140

8.00 126

10.00 107

12.00 98

(i) Plot a graph of In C against ¢ on the grid opposite. Use the additional column in
the table to record your processed data.

(3)
(i1) Isotope X has a half-life of approximately 30 minutes.

Determine a value of 4, in hours™, for isotope Y.

(ii)) Hence determine the half-life 7, for isotope Y.

10

R0 R TR o
p 7 0 9 5 9 A0 1 0 2 4

SLRRK
proseseteses
RN

(9%
e
PP
57 1
S
5
§3

Jo%e

Jols:
959~ e

[0 3%
0‘4 r=ed

Dogs, &% Jo%
8RS



RS
ootelotes
S

55

%%
90000

X
SERRRKR

%>
%

betele!
0928

<

25%%¢
P90

2

00N
SEES,
X KK
e
2K
2%

SRS

Patate
:
oot

o0
o2

%

o0
o)

093
oot

%

5

55

ZRRRRS

o
.ﬁsf'
S Soeteel

%

&
255
8

O O
KK
X XXX

5

&0

X

X

K5
55
CKKS

<535
S
RO
ookt

¢
X
555
L5

O

K

B S55S

PN KKK

BERRK,
XXX

R
QL

55

9%
otetes

06
RERRS

o~
5
oNes

%
R
o

IR
1%
20705 %

A
o
RS

X2
bl

N
RRXKS

e
DO
bogosess 35000s

SR

-
QRS

000
RREES
e

S8

<5
SR
KL

o%

QOIS

KRR ARAAR AN

XL

600
500088
S

<

%
KR

%

%
58
090
X
%
2K
S

4?
<
S
<
S

<
X
25
o
bt
%

&
RRE

SR
%3

5

2o

1%

Dok
e

SRR

RRRKR

%
L

b9
ooes

S
SPERS
< o
SELIEL
SRS
SIS
QR

o
oo
KRS
S
5
LR

G
o
%o
X8
%
0%t

55

<X

(Total for Question 3 = 16 marks)
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4 A student used the apparatus shown to investigate the time taken for a hollow cylinder
to roll down a ramp.

hollow cylinder

start line

finish line
~stand

| | bench

(a) (i) The student measured the height 4 of the start line from the bench using a
metre rule.

State two precautions she should take to ensure the measurement is as accurate
as possible.

(if) The student measured the height 4, of the finish line. She recorded the
difference in height A4 between the start line and finish line as 65 mm + 1 mm.

Explain why the uncertainty in A4 is 1 mm.
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(b) The student placed the cylinder on the start line and released it. She immediately
started a stopwatch and measured the time ¢ for the cylinder to roll to the finish line.
She repeated the measurements several times as shown.

t/'s 2.10 1.86 1.94 1.89

(1) Calculate the mean value of # and its uncertainty.

Mean valueof = ... ... =
(i1) The student made the ramp less steep by reducing the value of 4,.

Explain how this might improve the measurement of ¢.
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(c) Two students each carried out this procedure for another value of AA.
the following times for the same value of Ah.

They recorded

Student t/'s Mean ¢/s

A 245 2.50 2.38 2.41 2.44

B 2.48 2.45 243 2.40 2.44

Compare the accuracy and precision of the data that each student collected.
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(d) The relationship between ¢ and the acceleration of free fall g is given by

a4s
gAh

t*=

where s is the distance along the ramp between the start line and the finish line.
The student recorded the following values.

t=244s+0.04s
s=80.0cm = 0.1cm
Ah=43mm + 1 mm

(1) Determine a value for g.

(iii) Deduce whether the value of g is accurate.

(Total for Question 4 = 18 marks)
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Electronvolt

Gravitational constant
Gravitational field strength
Permittivity of free space
Planck constant

Proton mass

Speed of light in a vacuum
Stefan-Boltzmann constant

Unified atomic mass unit

Unit 1

Moment of force

Work and energy

Power

[

leV=1.60x10"7J
G=6.67x 10" N m? kg™

g=9.81 N kg (close to Earth’s surface)

X

£,=8.85x 102 Fm
h=6.63 x10%]s

1.67 x 10" kg
c=3.00x10*ms"'
c=567x10W m?K*

u=1.66x10% kg

X

X

m
p

X

Mechanics
. . . ) (u +v)t
Kinematic equations of motion s = T
v=u+at
— + l 2
S =ut 5 at
v:i=u’+ 2as
Forces XF=ma
F
&=
m
W=mg
Momentum p=my

moment = Fx
AW = FAs

I

A
>
>

( )
List of data, formulae and relationships
Acceleration of free fall g=9.81 ms? (close to Earth’s surface)
Boltzmann constant k=138 x 103 JK!
Coulomb’s law constant k= 1/4mne,
=8.99 x 10° N m? C?
Electron charge e=-1.60 x 10" C
Electron mass m_=9.11 x 103" kg
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Elastic strain energy

K

Young modulus
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useful energy output

efficiency = -
total energy input
ful t
efficiency = usetul power f)utpu
total power input
m

Y
F=6nyrv
AF = kAx

1
AEeI = EFAX
E= g where

Stress 0 =

Strain £ = —

J
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( )
Unit 2
Waves
Wave speed v =fA
T
Speed of a transverse wave v=|—
on a string H
. L P
Intensity of radiation = 1
Refractive index n sinf, = n,sin6,
c
n= =
v
.. ) 1
Critical angle sinC= —
n
Diffraction grating ni =dsin6
Electricity
D w
Potential difference V= E
_ 14
Resistance R = T
Electrical power, energy P=VI
P=1IR
V2
P=—
R
W=Vt
Resistivit R—fl
esistivity 4
AQ
Current 1= Af
1= ngvA
Resistors in series R=R +R, +R,
Resistors i llel L + ! + !
istors in para —=—+—+—
esistors in paralle R R R R
Particle nature of light
Photon model E=hf
Einstein’s photoelectric l#=¢+5mﬁm
equation
h
de Broglie wavelength A= ;
. J
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Unit 4
Further mechanics
Impulse FAt = Ap
Kinetic energy of a E = P_2
non-relativistic particle K om
Motion in a circle v =or
r=2"
1)
]}2
a=—
r
a=rw’
my’
Centripetal force F=ma=
r
F = mro?
Electric and magnetic fields
Electric field E= r
0
Coulomb’s law F = 00,
4me,r?
E = _Q
4me,r?
=L
d
. . __0
Electrical potential V=
dne,r
Capacitance C= Q
14
. . 1
Energy stored in capacitor W = EQV
1 2
W==-CV
2
2
w-l@
2C
Capacitor discharge Q= Qe
L J
N O .
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Resistor-capacitor discharge

In a magnetic field

Faraday’s and Lenz’s laws

Nuclear and particle physics

In a magnetic field

Mass-energy

— T ~t/RC
1 Ioe

— —t/RC
14 Voe

t

an=anO—R—C

1nI=lnIO—L

RC

InV=1In VO—
F =Bqvsin0
F =BIlsin@

_—d(N9)
&= dt

AE = c?Am

J
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Unit 5
Thermodynamics

Heating

Ideal gas equation

Molecular kinetic theory

Nuclear decay

Mass-energy

Radioactive decay

Oscillations

Simple harmonic motion

Simple harmonic oscillator

.

AE = mcAG
AE = LAm
pV = NkT

m<c >=2kT

(N1 %)

L
2

a=-w
x = A cos wt
v = —Aw sin wt

a = —Aw*cos wt

o

r=L
A
w =2nf

T =2n

|3
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4 R
Astrophysics and cosmology
o F
Gravitational field strength g=—
m
Gravitational force F= Gm12m2
r
Gravitational field g= G—’zn
-
Gravitational potential grav = —om
r
Stefan-Boltzmann law L=o0AT*
Wien’s law Do T=2.898 x 10° mK
Intensity of radiati - L
ntensity of radiation A
. . AL Af v
Redshift of electromagnetic z=—~=—-=—
. A f ¢
radiation
Cosmological expansion v=Hd
L J
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