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c
Answer ALL questions.

1 The time period of a rotating wheel can be determined using the apparatus shown.

oscilloscope
wheel

Jm

magnet

A magnet is attached to the edge of the wheel. When the magnet passes the coil,
a single pulse is displayed on the oscilloscope screen.

The horizontal axis of the oscilloscope screen represents time. The number of
milliseconds per division on the horizontal scale can be adjusted.

(a) As the wheel rotates, a series of pulses is displayed as shown.

1 division

oscilloscope

Describe how a value of the time period should be determined from these pulses.
(3)

2
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> (b) When the wheel is tested, the speed of the magnet is 22.2 ms~'.
The oscilloscope can be adjusted to give the following values for the horizontal scale.

s>0

!>
millisecond per division 1 2 105<

<

Explain which of these scales would display two complete pulses on the screen,

wheel diameter = 25.4cm

>

>

(4)
\<
>

>
>

(Total for Question 1 = 7 marks)
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2 The specific latent heat of vaporisation L of water can be determined using the
apparatus shown.

12Vd.c.
heater

heatproof
beaker

balancennnnuuuu

(a) Devise a plan to determine the value of L using a graphical method.
You should include a circuit diagram and any additional apparatus required.

4
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(b) One significant source of error in this experiment is the uncertainty in the mass
reading due to the water moving as it boils.

Explain how another significant source of error affects the value ofL.

X

v

X

>:
(3)

/

K

<

<

<

<

<
>

(Total for Question 2 = 9 marks)
>

>
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3 A student investigated the horizontal oscillations of a trolley between two springs using
* the apparatus shown.
** stand)<

><

&
clamp dMMMx xMMMJX trolley

£1(°) (° )
X

1
<>

benchX

8
(a) The student used a stop clock to time the oscillations.

(i) Describe how he should modify the equipment to make his measurements as
accurate as possible.

0x

><

K

( 2 )*
k

<
i
'
\

<
<

>

:
(ii) Describe two techniques he should use to reduce the uncertainty in the value of

the time period.
(2)

7
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(b) The student added masses to the trolley. He measured the total mass M of the
trolley and masses. He recorded the following values of the time period T for each
value of M

*

*77sMl kg
v
7

0.780.800 cr
i1.300 1.01
<

1.800 1.18

c1.342.300
>
<

2.800 1.49 >

>1.603.300 <
>

(i) Plot a graph of log T against log M on the grid opposite. Use the additional
columns in the table to record your processed data. i

$
(ii) The student predicts that the relationship between T and M is given by \

<:

M /

T = 27i
k </

<
where k is the spring constant.

Discuss the validity of this prediction.
>
v<

>(5)
)

>
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(iii) Determine the value of k. V

>;

>-

/

*

>
/

>

>

s

>

k = s

(Total for Question 3 = 18 marks)

>

>

>

>

>
/

>
>>
>
/

>:
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X
X
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X
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X

X
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A

s
X
x
X

y
x
v/

X

y
x

X

X

X

X

<

$
<

<

<
\

<

<

<
/•

<
\

>

\

<
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X

(ii) The student recorded the following values of d, measured at different points
across the lens.

S'

X

5.10 cm5.10cm 5.11cm
XShe concluded that because her measurements were precise, they must be accurate.

Explain why this conclusion may not be justified.

=.
%

X

<<•N

X

X

<<

/

X

X
X

X

(b) The student measured the thickness x of the edge of the lens using the micrometer
screw gauge.

She recorded the following measurements.
x

xX,

X
xl mm s

2.11 2.10 2.13 2.14 2.11 y

cX
Calculate the mean value of x in mm and its uncertainty. c

X

X

X

>

!*

>

>

Mean value of x = mm ± <mm
V

y

*
/

s

<:
>

>

<

1 2

2 2 4P 6 7 8
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(c) The refractive index n of the material of the lens can be determined using/

>

d 2 + {t - x )2
/7 = 1 +> 8 f i t - x)

A
/

\

where/is the focal length of the lens,

(i) Determine the value of n.

d= 5.10 cm ± 0.01cm>
* t = 8.30 mm ± 0.01 mm>
> /= 9.8cm ± 0.3cm

(2 )\

>
\>
>

:•>

/

>
n =-•

(ii) Show that the percentage uncertainty in ( t - x) is approximately 0.5%.>
> (2);

>>

>

>

>
>

>

(iii) Show that the uncertainty in d2 + ( t - x)2 is approximately 0.11 cm.
(4)

=S2S

13
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\

(iv) The table shows data for some materials used to make lenses.
\

\

Material Crown glass Flint glassPyrex

Refractive index 1.47 1.52 1.66 \

\

Deduce whether this lens could be made from one of these materials.

V

<'s
<
<
\

<
<
<

<

<
<

(Total for Question 4 - 1 6 marks) <
•£

<TOTAL FOR PAPER = 50 MARKS
<

<

/

<

<
<
\

<

c

<

<

<
v

1

14

2 4



• \

List of data, formulae and relationships
\

Acceleration of free fall g = 9.81 ms'2

*= 1.38 xlO"23 JK-'
(close to Earth’s surface)

1 Boltzmann constant\

Coulomb’s law constant k = 1/4TTS0

= 8.99 x 109 Nm2 C~2

e =-1.60 x 10-,9 C

me = 9.11 x 10~3lkg

1 eV = 1.60 x 10-|9 J

G = 6.67 x 10-" N m2 kg"2

g = 9.81 Nkg

£0 = 8.85 x 10H 2 F m'1

h = 6.63 x 10~34 J s

m = 1.67 x 10“27 kgp b

c = 3.00 x 10sms-1

a = 5.67 x 10 8 W m-2 K-4

u = 1.66 x l (L27 kg

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
/ I

1 Unified atomic mass unit

-i (close to Earth’s surface)

/

/

/

Unit 1
Mechanics

Kinematic equations of motion

/

> (w + v )t
S -

2
/
V v “ u + at>
\

i/

s = ut + — at2\

2
v2 = ir + las

'LF = maForces
\ F

g => m
/

W- mg>

Momentum
Moment of force
Work and energy

;> p = tnv

moment = Fx
AW = FAs>

1
E = — mv~

k 2
= mgAh

>

AEgrav

E
Power P = ~

t
W

P= —t
15
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S£2

Efficiency useful energy output
efficiency = total energy input s

useful power outputefficiency = total power input
Materials

m
Density P = 77V >

Stokes’ law F= 67irjrv

AF — kAxHooke’s law
>

1Elastic strain energy AE = -FAx <2
<a

Young modulus E= — where 5
£ <

F
Stress <7 = —A

Ax
Strain e — $

\
\

<

<

<
</

<

<
<

<

<
<

<

<
/

<

<

:
<
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Unit 2
> Waves

> Wave speed v = fl$
> TSpeed of a transverse wave

on a string

Intensity of radiation

Refractive index

v => M
Pk

/=
A>

>
ft , sin0, = n2 sm02>

c> n = -
v>

> i
Critical angle

Diffraction grating

sinC = —> n
<

nX = t/sin (95
$

Electricity

Potential difference
if

V = —s Q
v

Resistance<: R = —
1

Electrical power, energy P = *7
P = /2P

>
>>

V 2>

P = —>
R

>
W = FP

> Resistivity P =
>

AO
Current I =>

>
/ =
P = P, + P2 + P3

J_ _ J_ 1 1
R

~

R
+

l Resistors in series

Resistors in parallel
*3*21

Particle nature of light

Photon model E = hf

hf — 0 + — mv2
^ maxEinstein’s photoelectric

equation

de Broglie wavelength

2
h

X = —
P

MR*

17
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<

Unit 4

Mechanics

Impulse
Kinetic energy of a
non-relativistic particle
motion in a circle

<

FAt = Ap <

2 <PEk = 2m
<

v - cor <

2KT =
<CO
<

v2
<a= — /r * •

<

<mv2
Centripetal force F = ma = x

r X.

F = mco2r
/

Electric and magnetic fields <
/

<

<

FElectric field E = — <
Q <

<aa <Coulomb’s law F = 4ne0r2 /

<
<

E = Q <

47is0r2 <<
<<

VE = d <<

v - ~Electrical Potential
44ns0r
<

c= e <Capacitance
V i

<
<Energy stored in capacitor W = j Q V

W = j c v2

\

<

<

Q 2 <

w = 2 c <

<
X

Capacitor discharge -t/RC0 = 2oe
<
s

<

<

<
N

18
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i< s.

*>

-l / RCResistor capacitor discharge* '= 4*
>

tIRCv= V0e

In O = In Q0 -
>

i>
RC>

>

In /- In /Q ->
RC>>

>
ts In V = In V0 ->

RC>

> In a magnetic field F = 5#v sin 9

F = 5// sin 0
:

>
-d( N</> )Faraday’s and Lenz’s laws

dt>
£

Nuclear and particle physics>>

P> In a magnetic field> r — BO>>

AE = c2 AmMass-energy/>
>>
>
/>
>>

>
/

>

X
>

>

>
\

>

;>

>

>

>

>

>

>

>

>
>

>
>

>
>

>

>

>
>
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Unit 5

Thermodynamics

Heating AE = mcAO

AE = LAm

Ideal gas equation pV = NkT

\m <c2> = jkTMolecular kinetic theory

Nuclear decay

AE = c2AmMass-energy

Radio-active decay A =-XN
dN AN
dt

In 2A= tYi
N = N0Q

~ AI

A = A^-1'
Oscillations

Simple harmonic motion F = kx
a = -co2:c

x = A cos oot

v = —Aco sin cot
a = Aco2cos cot

1 2nT = —f a

CO = 27l/

mSimple harmonic oscillator T = 2%
k

lT = 2n
g

20
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Astrophysics and Cosmology

g - F j mGravitational field strength

Gmxm2Gravitational force F = 2r
\

GmGravitational field g = *>r~

-GmGravitational potential Vgray r

L = crT 4 AStephan-Boltzman law

AT = 2.898xl(T3 mK
i J laA

Wein’s law
f

>

LIntensity of radiation //

471d2
/

AA A/ v
A / c

/

Redshift of electromagnetic z =
radiation

Cosmological expansion v = H0d

/

>
/

\

i

S

\

/

\

>
\

>
\

\

>
>

/

\

f

\
s
/

\

\

>

\

s
/
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