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Question A

(a) (1) Take measurements to determme as accurately as posszble values for the width @

and thickness b of the half-metre rule.
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Calculate the volume ¥ of the rule.
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(if) Balance the rule on the knife edge and record the posftion of its centre of mass.

Scale reading at centre of mass A«-‘Icm

Place the 50 g imass close to one end of the ruls and move the knife-edge under
the rule until the rule balances. Draw a diagram of the arrangement in the space

below.
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On your diagram show the position of the centre of mass of the mle and the
measurerments necessary to determine the mass of the rule using the principle of

momernts.
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Determine the mass M of the rule. Show all your working and calculations
below. : :
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(b) The circuit shown below has been set up ready for you o use.
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The capacitor C can be charged by connecting the swiich to contact A and then

_ discharged through the 10 k&2 resistor by swiiching to B.

AR 0 0

3

Turn ever

—



(i) Charge the capacitor and then discharge it through the resistor, Record the initial
current J; in the circuit at the instant contact is made at B.
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| Calcu]ate the value of 0,368 1 =

(if) Determine an accurate valuc for the time ¢ that it takes for the current to decrease

from 1 to 0. 368 I
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Calculate a value for the capacitance C of the capacitor using the relationship
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{iif) Sketch a graph of the discharge of the capacitor on the axes below. You should

include relevant values on the axes.
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Question B

A spring has been set up ready for you to use.

T -I’“l‘"l”‘
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(a) Hook the 100 g mass hanger onto the spring and add a further mass of 50 g so that
the total suspended mass m is 150 g. You will be required tordetermine the extension
x of the spring from its original unstretched length and thie fime period T’ of small
vertical oscillations of the spring for five different values of m > 150 g.

Describe how you intend to measure x. You may add to the diagram if you wish.
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(d) Calculate a value for the grévitationél field strength g using the relationship
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Calculate the peréentage difference between your value and the accepted value for g.
Comment on this percentage difference in terms of the experimental uncertainty of

your measurements.
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Question C -
This question is about using capacitors to produce resonance in an electrical circuit.
(a) A teacher sets up the following circuit to demonstrate electrical resonance.
" Coil Capacitor
47 Q Resistor
. Fixed frequency = = .
a.c. supply '
(i) Explain how an oscilloscope could be used to determine the current in the
circuit.
Eum %th W\W{]
With the time base set at 5 ms/div and the voltage sensitivity at 0.5 V/div, the
foIlowmg trace is obtained on the oscilloscope screen.
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(1) Calculate the frequency of the signal. Cowrerk alq,{“q, :
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(iif} Determine the peak voltage of the signal. 0-65-81E V (l)
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(b} The teacher has three capacitors, having values of 100 pF, 220 uF and 470 pF. Using
these capacitors singly and in different combinations the teacher determines the

currents shown in the table.

Explain how the capacitors could be used to get the capacitance values shown.

........................ C—d\ubmu-l'? \BAD....; 8 iof-wp‘-e .
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Capacitance C/pF Current 7/mA

100 1 s
220 202
320 35.9
470 55.0
570 | ' 4j.s
690 | 32.7

{c) Plota graph of the current  against the capacitance C on the grid opposite.

(d) (i) Use your graph to estimate the capacitance that would cause resonance in the

circuit. Babvrar 420 ~ 4065 uf
. Wit waach

(ii) Between which values of capacitance in the table would it be useful to take an

gxtra measurement?
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(iti) No capacitors in this range are available, but the teacher does have a 4700 uF
capacitor. Explain how this could be used in copjunction with the 470 pF
capacitor to get a suitable value and calculate the capacitance of the resulting
combination. : .
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" (Total 16 marks)
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List of data, formulae and relationships

Data
Speed of light in vacuum c=3.00x10%ms™!
Gravitational constant G=6.67x10"" Nm?kg? .
Acceleration of free fali g=981ms™ (close to the Barth) -
Gravitational field strength g=981Nkg™ (close to the Earth)
Elementary (proton) charge e=1.60x10"°C
Electronic mass m, =9.11x107 kg
Electronvolt 16V =1.60x10717]
Unified atomic mass unit u=166x10"kg
Molar gas constant R=831J K" mot™
Permittivity of free space £y =8.85x107 2 Fm™
Coulomb law constant k=1/4mg,
- CLEsarNmC?
Permeability of free space o =4nx107" NA?
Rectilinear motion
For uniformly accelerated motion:
p=u+at

x=ut+Laf?

2

o =y? 4 2ax

Forees and moments
Moment of £ about O = F x (Perpendicular distance from F to O)

Sum of clockwise moments _  Sum of anticlockwise moments
about any point in a plane about that point
Dvnamics
Force F= mﬁ e 4p
At A
Impulse FAr=Ahp
Mechanical energy
Power P=Fy

Ruadivactive decay and the nuclear atom
Activity A=AiN (Decay constant A)
Half life Aty =0.69

0 A .



Electrical current and potential difference

Electric cuurent I=ndAQv
Electric power P=IR
Electrical circuits
Terminal potential difference V=g {E.m.f. &; Internal resistance 7)
Circuit e.m.f. L& =TIR '
Registors in series R=R +R,+R,y
i 1 1 1
Resistors in parallel — = —t—
P R R R, R
Heating matter
Change of state: energy transfer =/Am  (Specific latent heat or specific enthalpy change by}
Heating and cooling:  energy transfer = mcAT (Specific heat capacity ¢; Temperature change AT)
Celsius temperature G/1°C=T/IK -273
Kénetic theory 6f matter )
Temperature and energy T w Average kinetic energy of molecules
Kinetic theory p=4%plch
Conservation of energy
Change of internal energy AU =AQ+AW (Energy transferred thermally AQ;
Work done on body A#)
Usefud outpnt
Effici f tra =
iciency of energy transfer Topat
) T
Heat engine maximum efficiency =- TT2
1
Circular motion and oscillations
Angular speed = % =2 (Radius of circular path 7}
; v?
Centripetal acceleration a=—
i ¥
Period T= 1_2= {Frequency )
f
Simple harmonic motion:
displacement x = x, cos 2nft
maxzimum speed = 2mfk,
acceleration a=—(2nf)2x
For a simple penduium T=2x \/z
g
For a2 mass on a spring T =2n\ﬁl§ {Spring constant k)
14
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Waves

Intensity

Superposition af waves

Two slit interference

Quarnium phenomena
- Photon model
Meaximum energy of photoelecirons

~ Energy levels
de B;qglie wavelength

Observing the Universe

Doppler shift

Hubble law

Gravitational fields

Gravitational field strength
for radial field

Electric fields
Electrical field strength

for radial field

for uniform field

E=Hf
=hf -9
W =E ~E,

g=Fim

g =Gm/¥?, numerically

E=F/0Q
E=kQIr?
E=Vid

For an electron in a vacuum tube  eAV = A(Zm?)

Capacitance

Energy stored
Capacitors in parallel

Capacitors in series

Time constant for capacitor
discharge

W=LCyt

C=C+C,+04

1.1.1l,1
=RC

(Distance from peint source r;

Power of source P)

{Wavelength A; Slif separation s;
Fringe width x; Slits to screen distance )

{Planck constant 4)
(Work function ¢}

{Hubble constant )

{Gravitational constant G)

{Coulomb law constant &)

0
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Magnetic flelds
Force ona wire F=BI
Magnetic flux density (Magnetic field strength)
in a long solenoid B =l (Permeability of free space )
near a long wire B = ppl2nr
Magnetic flux & =BA4
E.m.f. induced in 2 coil PR fb (Narmber of tarns N)
Aceelerators
Mass-energy AE =c*Am
Force on a moving charge F =By
) Analogies in physics
Capacitor discharge 0 = Qg™
-k% =In2
Radioactive decay N =Ny
At% =In2
Experimental physics
Percentage uncertainty = Esﬁmgtci::;egr;ai;z: 100%
Muathematics
sin(90°—§8) =cos &
In(x")=rlnx
mn(e*)=kx
Equation of a straight line y=mx+c
Surface area cylinder = 29rk + 2nr?
sphere = 4mr?
Volume cylinder = 7k
sphere =4 xr°
For small angles: sinf ~tan@ ~H (in radians)
cosf =1
16
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