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( )
Answer ALL questions.
1 A student investigated the oscillations of a stretched spring using the apparatus shown.

support spring

mass

/
(a) The student gave the mass a small vertical displacement and released it. She used a
stopwatch to determine the time period 7 of the oscillations.
Describe how the student should determine an accurate value for 7.
3)
(b) The student attached the spring to a vibration generator as shown.
stand ibrati
T | vibration
— generator
signal .
generator Spring
bench
| mass
L J
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~ ™

The student used the signal generator to vary the frequency f of the
forced oscillations.
The student measured the amplitude 4 of the oscillations at different values of f,
near the resonant frequency f,. She plotted a graph of her results as shown.

25

/ \
20 / \
\
/ \
\
/ \
/
15 \
A/ mm X
/ \
10
/ \
\
//
\
\
5 X
0
0.8 1.0 1.2 1.4 1.6 1.8 2.0
f/Hz
(i) Determine the value of f; from the graph.
1)
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(i1) Determine the value of the mass.

k=30Nm"
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(iii) Explain why your value of f; may not be accurate.
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s

(c) The student suggested that a motion sensor and data logger, arranged as shown,
would improve the experiment.

stand — | vibration

generator

signal
generator

spring

bench

mass
/

motion sensor

data logger

Explain how using a motion sensor and data logger would improve the experiment.

(Total for Question 1 = 11 marks)
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r

2 A student investigated the cooling of hot water using the apparatus shown.

thermometer
—
glass
beaker
mains powered ’ water

hot plate stand

/

—

heatproof
mat %
(a) The student used the hot plate to heat the water until it boiled.

He moved the glass beaker onto the heatproof mat to allow the water to cool.

Identify one safety issue and how it may be dealt with.
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(b) The student suggested that the relationship between the temperature 0 of the water
and time ¢ is

where 0, is the initial temperature of the water and b is a constant.
Devise a method to investigate the validity of this relationship.

Your method should use a suitable graph.

(Total for Question 2 = 8 marks)
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3 A student investigated the force F between two bar magnets, using the apparatus shown.

The magnets are separated by a distance x.

(a)

(b)

\

bar magnets

top pan balance
. 3.67¢g

Describe an accurate method to measure a single value of x using a 30 cm ruler.

You should include any additional apparatus.

The student predicted that the relationship between F and x was of the form
F=kx?

where k and p are constants.

Explain how a graph of log F" against logx can be used to determine the value of p.
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( )

(c) The student varied the distance x and determined the corresponding force F. He
recorded the following data.

X/ mm F/ mN

102 11.22

117 7.56

128 5.25

145 3.43

166 2.09

197 1.18

(i) Plot a graph of log F against log x on the grid opposite.

Use the additional columns for your processed data.

(6)

(i) Determine the gradient of the graph.

Gradient = ...

. J
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( )

(i11)) The student suggested that the relationship between £ and x is an inverse
square relationship.

Explain whether the graph supports this suggestion.

3)

(Total for Question 3 = 17 marks)
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4 A student made measurements of a circular convex lens, as shown.

Not to scale

circular
convex lens

Front view Side view

(a) () The student used vernier calipers to measure the diameter d.

Explain one technique she should use to measure d.

(i) The student estimated that the thickness # of the centre of the lens was
approximately 5 mm.

Explain the most appropriate instrument the student should use for a single
measurement of 7.

Your answer should include a calculation.
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7

(b) The student placed the circular convex lens in a holder. She set up the apparatus,
as shown.

filament

bulb u

circular convex

holder —

screen

The student moved the position of the holder until the lens formed a sharp image of
the wire mesh on the screen. She measured the distances u and v with a metre rule.

The student determined the focal length f of the lens using the formula

uv

u-+v

Show that the uncertainty in f'is about 0.2 cm.

u=29.6cm=0.1cm
y=192cm = 0.1cm
f=11.6cm
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(c) The refractive index of the material used to make the lens is determined using
the formula

d=5.02cm + 0.02cm
t=428 mm =+ 0.01 mm
f=11.6cm £ 0.2cm

(i) Determine the value of 7.

Percentage uncertainty in 7= ...

(i11)) The refractive index of crown glass is 1.52

Deduce whether the lens could be made of crown glass.

2

(Total for Question 4 = 14 marks)

TOTAL FOR PAPER =50 MARKS
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Acceleration of free fall
Boltzmann constant

Coulomb’s law constant

Electron charge

Electron mass

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

List of data, formulae and relationships

g=981ms?
k=138 x 102 JK!
k= 1/4ne,
8.99 x 10° N m? C*
-1.60 x 10" C
m_ =9.11 x 107" kg
leV=1.60x10"]
G=6.67x 10" Nm? kg™
g=9.81 Nkg'
£, =885x 10" Fm'
h=6.63 x1031Js
1.67 x 102" kg
c=3.00x10*ms"!
0=5.67x10°*Wm?K*
u=1.66x10?" kg

e

m
p

Mechanics
. . . . (u +v)t
Kinematic equations of motion s = T
v=u + at
L
S =ut > at
vi=u?+ 2as
Forces XF=ma
F
g —
m
W=mg
Momentum p=my

Moment of force

Work and energy

Power

moment = Fix
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Efficiency

Materials

Density

Stokes’ law

Hooke’s law

Elastic strain energy

Young modulus

.

useful energy output

efficiency = -
total energy input
) useful power output
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total power input
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Unit 2

Waves

Wave speed

Speed of a transverse wave
on a string

Intensity of radiation

Refractive index

Critical angle

Diffraction grating

Electricity

Potential difference

Resistance

Electrical power, energy

Resistivity

Current

Resistors in series

Resistors in parallel

Particle nature of light

Photon model

Einstein’s photoelectric
equation

de Broglie wavelength
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Unit 4
Further mechanics
Impulse

Kinetic energy of a
non-relativistic particle

Motion in a circle

Centripetal force

Electric and magnetic fields

FElectric field

Coulomb’s law

Electrical potential

Capacitance

Energy stored in capacitor

Capacitor discharge

2

g -2
2m

V= or

w
2
v
a=—
r
a=re?
mv
F =ma=
r
F = mro?

~
Il

2
w-lQ
2C

0=0 e /RC
0

J

m NN 0 DR 20
P 7 5 6 06 06 A 0 2 1 2 4

21

Turn over »



www.gradesuk.com
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Resistor-capacitor discharge I=1e""*
V= Voe—z/Rc
InQ=InQ - L
* RC
t
In/=Inl -—
RC
t
InV=InV,-—
RC
In a magnetic field F =Bqvsin 0
F = Bllsin
—-d(N
Faraday’s and Lenz’s laws &= %
Nuclear and particle physics
In a magnetic field r=-_t_
BQO
Mass-energy AE = Am
L J
22

P 7 5 6 0 0 A 0 2 2 2 4

m | [

=N

o

4!

e
0%
FoTetel

0

i%
%
Felalelel

OQ%’OOO
50
5
4?

L
L

L%

o

i

S

<
0
o

£

oty

B
.

S
ptetatelele!
s
o
LA
sfelaletetels

betatelels

4
o

)
i

by
ety

£
L
>

>

it

)

it

o,
i
s

AN
i)
ool

2
Ptety ol
sfelalels’

N

£x
{55
K

o
N
s

X
%
0

o
&

.
oy
o

0
<
<

i%

i

Ptetatetet
23K
etatets!
it
batetetsl

L
e
<

s

*
by

x5
%

!

s

e
<
s
qu
o

>

K
s
L

25
3
s
Fole!

C%%' AN
o et

"
Petatele!

SRR O P b b S St
atetettetels
R e
mé&bto
o, o

>
<
< L
o

"

-

-,
255

L .

X, iy
X
=y
o

g, 3N

(X
P
o,
& i
e
o Y

) K
FlaTar tts
ot o Ut
S,
et
DRt
B
g
SR
S

o

‘.
4

3
0
b

e

e

A
2R
£ M
etatetetst,
Bgityrry
petetaletetds!

‘.
i

i

e

b
{2

<

£

5

s

o



www.gradesuk.com
4

Unit 5

Thermodynamics

S
I
3
o
>
SS

Heating

>
ty
[
~
>
3

Ideal gas equation pV = NkT

Molecular kinetic theory Tm<c>=2kT

g N,
CEE
}%ﬂ@’
Kol

=072 | Nuclear decay

P
B Mass-energy AE =c*Am

foletes
ih
]
X )
%
Petats
bt

e

o
3
22008
betate
ot

3% Radioactive decay A=AN

o
4
il
i
kst

e,

T

e

o
..:
L

o
by

o
Lol
et
Pt
bt

S
25
2
o
o
vt

>
"
o

gt
R
batetets
[oN
~

i
"

X

L
.

e
e
Ny,

e

b,

<
gt
Fetatele!

>

i%

o

£ X N M
"

‘.

s

5%
S
WA

e

e

.

P e M X X,
.

N N

byt
i
P
betatet
~
Y
19

b

Off
=y

iy

b
a
&

S
0:0"_:’_::0.

b
A

Oscillations
Simple harmonic motion F = —Jx
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Astrophysics and cosmology

Gravitational field strength

Gravitational force

QGravitational field

Gravitational potential
Stefan-Boltzmann law

Wien’s law

Intensity of radiation

Redshift of electromagnetic
radiation

Cosmological expansion

_—Gm

grav

r

L=cAT"

o T = 2.898 x 10°mK

L
4nd?

M N v
A f c

v=Hod

z =

o)
=N

4k .
Ratenletely,
St

£
N

i
s

5
!
S

e

g
o

£
"

Bt
-
T
o
ety

&

s
.’
iy

‘o
o
03
7
o

o
o

e
oy
2
Fotetel

-,
SRELSLL

e
i
et iy

<
<
N,

oS
et
S o
SR
bate 2 0ol
tatei ot
:.Q- ....

o
4
il
otetatel
kst

>
>
’0

‘5
T
“

“
{2
"

g
o

“
"

'

£
o

.
X

o
5

<
etets!
5
X
)

o
.
o

e

0

i

B,
o

2
2
2
5
bty

o

o
o
"

o
LA
o

b,

e

‘.
T

e

g
"

“
"

'

ke

7

e
o

e

oy

.
o

gt
Pitatels!
Pttt ity

e

s‘%
o,

o
"

M
ot

£
ol

o
3{
4%,

O N,
o

>
‘5
i
T
“

<
i
G
A% N
ot
e

<>
R
3
<
"

botals!

o
>
4b‘;
A
o

e

G
.
paelemeleds!

i

>
*

.
o

AN

pPalatele%s

LN MY

AN
Ll

A

¥

‘< x
>

"3
)
o

o

Lo
gt
oY
ot

o
L 308 ¥
s

&
.

o%e!
iy
.
o

o,
o

A
st

S
b

LA
o

it o
e

£
b

G
.0

im0

betale!

M
4

et

0 W
Fowh
T

N

e
X
fols.
&
ot
Job!
o2’
ot

o ....0.“:’
S50
Sttt
< 0.0.0’0 %

%&g?az
e
A
Seetatatatet

J

P 7 5 6 0 0 A 0 2 4 2 4

m | [

“
‘0
(A

5

s

o



