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Answer ALL questions in the spaces provided.

1 A student determines the viscosity # of oil by measuring its volume flow rate Y through
a horizontal pipe. !

The student uses the formula

vV o zPrt

t 8L

P = the pressure difference between the ends of the pipe
r = the internal radius of the pipe
L = the length of the pipe

The pipe is approximately 1cm in diameter.
(a) The student measures the internal diameter of the pipe.

(i) State a suitable instrument for this measurement.

1)
(i) Explain your choice of instrument.

(2)
(ii1) State the measuring technique you would use with this instrument to obtain an

accurate value for the internal diameter of the pipe.
1)
(b) The mean value for the internal diameter of the pipe is 0.995 cm £ 0.003 cm.
Calculate the percentage uncertainty in this measurement.
1)
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(c) The student recorded the following values omitting the SI units.

Quantity Value Percentage uncertainty
Vit 8.5 x10° 3.5
P 695 0.7
L 2.00 0.5

(1) Show that the unit for 7 is N s m™.
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Percentage uncertainty = ...

(Total for Question 1 = 11 marks)
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2 The diagram shows a rotational pendulum. The identical steel spheres perform angular

oscillations about a vertical axis through the centre of the rod.

. e

@ sphere rod sphere %

A student investigates how the period of the oscillations 7 varies with the length of the wire L.
The student also has a metre rule, a stopwatch with a precision of 0.01s and an optical pin.

(a) Describe how the student can use this apparatus to obtain values for 7 that are as
accurate as possible.

3)
(b) The student is given the formula 7" = Zn\/% where / and K are constants.
(1) Describe the graph she should plot to obtain a straight line.
(2)
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(i1) The value K is a constant for the wire.

State how the graph described in (i) can be used to calculate K if / is known.

ONOTWRITEINTHISAREA

(c) A light gate, attached to a data logger, can be placed so that one of the spheres breaks
the light beam as it passes.

Describe how this would improve the accuracy in the measurement of 7.

(Total for Question 2 = 8 marks)
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3 A student uses the apparatus shown to determine the resonant frequency of the air in a bottle.
(010)

microphone
- > e
signal generator © Q E
—_
bottle oscilloscope

loudspeaker

The frequency f of the sound produced by the loudspeaker is varied using the signal generator.
The sound detected by the microphone is displayed as a potential difference /" on the oscilloscope.

The student plots a graph of the maximum value of V for a range of values of f.
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(a) (1) Draw a best fit line on the graph.
(2)

(i) Estimate the maximum value of V.
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(b) The student takes more readings in the range 100 Hz to 102 Hz.

Suggest how this would increase the accuracy of the value of | obtained.

(Total for Question 3 = 5 marks)
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4

4 A student investigated the decay of a sample of protactinium-234 using a Geiger-Miiller
tube connected to a ratemeter.

The student first measured the background count rate. She recorded the count rate from
the sample every 20 s and corrected each value by subtracting the background count rate.
The corrected count rates are shown.

Time / s Count rate / s™'

0 150

20 126

40 98

60 88

80 70
100 61
120 46
140 39
160 28

(a) State the type of error that the student avoided by subtracting the background count rate.

(1)
(b) Identify a variable that must be kept constant in this investigation.
1)
(c) The activity of the sample of protactinium is given by the formula
A=Ae™
where A is taken as the measured count rate at a time .
A, 1s the count rate at 7 = 0
A is the decay constant of protactinium-234
Show that a graph of In A4 against # should be a straight line.
(2)
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(d) Draw a graph of In A4 against # on the grid below. Use the extra column in the table
for your processed data.
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(e) Use the graph to determine a value for A.

4)
T
(f) The half-life of a radioactive isotope is given as 7, = 0—59
(1) Calculate a value for the half-life of protactinium-234.
(1)
Half-life= ...
(i1)) The half-life for this isotope is quoted as 1.2 minutes.
Comment on the accuracy of your answer.
(2)

(Total for Question 4 = 16 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

Mechanics

Kinematic equations of motion

Forces

Work and energy

Materials
Stokes’ law
Hooke’s law
Density
Pressure

Young modulus

Elastic strain energy

List of data, formulae and relationships

g=9.81ms> (close to Earth’s surface)
k=138 x10> JK!
k = 1/4ng,

=8.99 x 10° N m? C?

=-1.60 x 10°°C

m_ =9.11 x 107'kg
1eV=1.60x10"]J

G=06.67 x 10" N m? kg™
g=9.81 Nkg'
g, =885x 10" Fm™
h=6.63x103%]Js

m =167 x 10" kg
¢=3.00x%x10*ms"!
6=567x10*Wm?2K*
u=1.66 x 107 kg

(close to Earth’s surface)

v=u-+at
s = ut + Yat®
v: =u?+ 2as

XF =ma
g=F/m
W =mg

AW = FAs
E_="mv’
AE = mgAh

grav

F=6nyrv
F = kAx
p=m/V
p =F/A

E = o/¢ where
Stress 0 = F/A
Strain ¢ = Ax/x

E, = "AFAx
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Unit 2
Waves
Wave speed

Refractive index

Electricity

v=/

M, =sini/sinr=v /v,

P 4 8 4 2 6 A 0 1 4 1 6

Potential difference V=w/Q

Resistance R=V/I

Electrical power, energy and P=VI

efficiency P=1IR
P=71?%R
W= Vit

ful t
% efficiency = useful energy .outpu % 100
total energy input
ful t
% efficiency = usetul power .outpu % 100
total power input

Resistivity R =pl/A

Current 1 =AQ/At
1=ngvA

Resistors in series R=R +R +R,

. . I 1 1 1

Resistors in parallel —=—+—+—=

R R R, R
Quantum physics

Photon model E=hf

Einstein’s photoelectric hf =g+ amv?

equation

.
14

s
S

iy

R

s
SR
R

i
%

s

<R
<

S

55

B8
P

L R, g"o:é:’
% S,

e
5%




s )
| Unit4
| Mechanics
: :ﬁ: :
t:(c Momentum p =my
% Kinetic energy of a
8~ non-relativistic particle E, = p*2m
Z
i Motion in a circle v =or
= T =2n/w
:::g::: F =ma =m*r
:‘:5:‘: a=vir
= a=ro
Fields
Coulomb’s law F=kQ Q,/r where k = 1/4ne,
Electric field E=F/Q
E = kO/m
E=Vid
Capacitance cC=90wv
Energy stored in capacitor W =10V
Capacitor discharge 0=Qe"c
In a magnetic field F=BIlsin0
F = Bqv sin 6
r = p/BQO
Faraday’s and Lenz’s laws e =—d(Ng)/dt
Particle physics
Mass-energy AE = Am
5 de Broglie wavelength A=hp
-
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Unit 5
Energy and matter
Heating
Molecular kinetic theory

Ideal gas equation

Nuclear Physics

Radioactive decay

Mechanics

Simple harmonic motion

Gravitational force

Observing the universe
Radiant energy flux

Stefan-Boltzmann law

Wien’s law

Redshift of electromagnetic
radiation

Cosmological expansion

AE = mcA8
Yam(c?) =3hLkT
pV = NkT

dN/dr = AN
=12/,
N=Nge™

a=-wx

a = —-Aw?*cos wt
v = —Aw sin wt
x = A cos wt

T=1/f=2n/w
F=Gmm/r
F = L/4nd?

L =0T*4

L =4nr’cT*

A, T=2.898 x 10° mK

z=ANA=Af/f=v/c
v=Hd
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