


18 The photograph shows a piece of apparatus in which a mains light bulb and a torch bulb
are both connected to the mains.

Students were surprised to see both bulbs shining normally when the apparatus was
switched on.

It is impossible to tell from looking at the apparatus whether the bulbs are connected in
series or in parallel.

To test this, the apparatus was switched off and the mains bulb was removed. When
it was switched on again the torch bulb did not light up. When this was repeated,
removing the torch bulb, the mains bulb did not light up.

When the circuit was tried again with both bulbs, they still operated normally.
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(a) Complete the circuit diagram to show how the bulbs are connected and explain why
they must be connected in this way and not the alternative.

Mains

(b) The mains bulb is marked 40 W, 230 V.

(1) Show that the current in the mains bulb is about 0.2 A when it is operating
normally.
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(i11) The torch bulb is marked 2.5 V, 0.20 A.

Calculate the resistance of the torch bulb when it is operating normally.

ResiStance = ...,

(c) Explain, with reference to both current and potential difference, why it is possible to
operate both bulbs at the same time from the same power supply.
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(d) Earlier in the question you were asked to calculate the resistances of the bulbs when
operating normally.

Explain the effect on the resistances of the bulbs if they are operated at a much
smaller current so that neither bulb lights up.

(Total for Question 18 = 15 marks)

TOTAL FOR SECTION B =70 MARKS
TOTAL FOR PAPER = 80 MARKS
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List of data, formulae and relationships

Acceleration of free fall
Electron charge

Electron mass

Electronvolt

Gravitational field strength
Planck constant

Speed of light in a vacuum
Unit 1

Mechanics

Kinematic equations of motion

Forces

Work and energy

Materials
Stokes’ law
Hooke’s law
Density
Pressure

Young modulus

Elastic strain energy
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g=9.81ms™
e=-1.60 x 10°C
m_ =9.11 x 107'kg
1eV=1.60x10"]
g=9.81 Nkg'
h=6.63 x103%]Js
¢=3.00x10*ms"

v=u-+at
s =ut + Ysat*
vi=u’+ 2as
2F =ma
g=F/m
W=mg
AW = FAs
E_='mv’
AEgrav = mgAh
F = 6nnrv
F = kAx
p=m/V
p=F/A

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

E, = hFAx
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Unit 2
Waves
Wave speed v =fA
Refractive index M, =sinisinr=v /v,
Electricity
Potential difference V=w/Q
Resistance R=V/I
Electrical power, energy and P=VI
efficiency P=1IR
P=V?*R
W= VIt
ful tput
% efficiency = o CReTEY .Ou o
total energy input
ful tput
% efficiency = 25t pOWeEr ,Ou o
total power input
Resistivity R = pl/4
Current 1=AQ/At
I =ngvA
Resistors in series R=R +R,+R,
Resistors in parallel 1 = 1 + i + 1
R R R R
Quantum physics
Photon model E=hf
Einstein’s photoelectric hf =g+ famv
equation
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