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Data

speed of light in free space,
permeability of free space,
permittivity of free space,
elementary charge,

the Planck constant,
unified atomic mass constant,
rest mass of electron,

rest mass of proton,

molar gas constant,

the Avogadro constant,

the Bollzmann constant,
gravitational constant,

acceleration of free fall,

c=3.00x108ms™!
fo = 4w x 1077 Hm™
€, =B8.85x 1072 Fm™!
e=160x10"1C
h=86.63x10"3 s
u=166x%x10"% kg
m,=9.11x 103" kg
m, = 1.67 x 1077 kg
A =831 JK mol!
N, = 6.02 x 102 mol™!
k=1.38x10"2 K1
G =667 x 10" Nm2kg=2

g=9.81msg?

bepler el ik



Formulae

uniformly accelerated motion,

work dene on/by a gas,

gravitational potentiaf,
simple harmonic motion,

velocity of particle in s.h.m.,

rasistors in series,
resistors in parallel,
electric potential,
capacitors in series,

capacitors in parallet,
energy of charged capacitor,
alternating current/volitage,
hydrostatic pressure,

pressure of an ideal gas,

radioactive decay,

decay constant,

critical density of matter in the Universe,

equation of continuity,

]
5= ut+zalt
v = y24+2as

W= pAV
- Gm
r
a=—mx

V= v, cos it
v=x o V(xE— x?)

A=R+R,+...

1A= 1R + 1Ry +. ..

__Q
a Ameyr

1C=1/C, + 1C, + ...

C=C,+C+...
w=jav

X = X, sin wf

p = pgh

b= %%rﬂ::cga-

aH,?
Po0= G

Av = constant

Bernoulli equation (simplified), Py + 3pvi=py+ Fpv2
Stokes' law, F= Arnv
Reynolds’ number, A, = %w

drag force in turbulent flow, F = Brepy?
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Answer all the questicns in the spaces provided. ®

1 (a) One of the equations of motion may be written as
v2 = 2 + 2as,

(i) Name the guantity represented by the symbol a.

(il) The quantity represented by the symbol a may be sither positive or negative. State
the significance of a negative value,

I2)

BTN
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(b} A student investigates the motion of a small polystyrene sphere as it falls from rest vee

alongside a vertical scale marked in centimetres. To do this, a number of flash
photographs of the sphere are taken at 0.1 s intervals, as shown in Fig. 1.1.

starting point

photograph
of sphere ",
—100
R scale
~110

Fig. 141
The first photograph is taken at time t= 0.
By reference to Fig. 1.1,

{i) briefly explain how it can be deduced that the sphere reaches a constant speed,

GTORIZI0NNG [Turn over
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{ii}) determine the distance that the sphere has fallen from rest during a time of
1. 0.7s,
distance = ... cm
2. 1ds
distance = ....cceeeiiiici e €M
[4]

{c} The student repeats the experiment with a lead sphere that falls with constant
acceleration and does not reach a constant speed.

Determing the number of flash photographs that will be observed against the 160 cm
scate.

Include in your answer the photograph obtained at time ¢= 0.

NUMDBEr = ..o [3]

STORZAMNR
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2 (a) Distinguish between the mass of a body and its weight.

mass .

WEIGNME oo e e s are s e s sae e e e s s ae e s arneann s

- [3]

(b) State two situations where a body of constant mass may experience a change in its
apparent weight.

1.

. 12]
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3 (a) Define the moment of a force.

. [2]
(b) State the two conditicns necessary for a body to be in equilibrium.

1.

- [2]

{c} Two parallel strings &, and S, are attached to a disc of diameter 12 cm, as shown in

Fig. 3.1.
S Jise string Sg
12¢em C
string 5, 30cm
lever
force F
Fig. 3.1

The disc is free to rotate about an axis normal to its plane. The axis passes through the
centre C of the disc.

A lever of length 30 cm is attached to the disc. When a force Fis applied at right angles
to the lever at its end, equal forces are produced in §; and S,. The disc remains in

equilibrium.

(i) On Fig. 3.1, show the direction of the force in each string that acts on the disc.

[1]

SFREA2AMN0
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(i) For aforce Fof magnitude 150 N, determine

1.

the moment of force F about the cenire of the dise,

L1 Te 11 1= 0] U Nm

the torque of the couple produced by the forces in the strings,

oL = e Nm

the force in 5,.
fOrCE = e N
[4]

Examingrs
Usa
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(a) Fig. 4.1 shows the variation with time t of the displacement x of one point in a
progressive wave.

Fig. 4.1

Fig. 4.2
(i) Use Figs. 4.1 and 4.2 to determine, for this wave,
1. the amplitude,
amplitude = ... MM
2. the wavslength,

wavelength= ... m

STO2IZROMNOS
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3. the frequency,

frequency = ..o Hz

4. the speed.
SPEEA = ..o ms!
[€]

(i) On Fig. 4.2, draw a second wave having the same amplitude but half the frequency
as that shown. 1)

ST0HOMO3 [Turn over
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(b) Light of wavelength 580nm is incident at right angles to a diffraction grating having
5.80x 10° lines per metre, as illustrated in Fig. 4.3.

grat'mg screen

> r--l-first order image

incident fight
wavelength 590 nm &

- first arder image

T
L]

1.50m !

i
Y

Fig.4.3

A screen is placed parallel to and 1.50m from the grating. Calculate

(iy the spacing, in pm, of the lines of the grating,

BPACING = 1iviieiieiraiie i etan et Hm

{(ii) the angle @ to the original direction of the light at which the first order diffracted
image is seen,

ANGIE = Lo ®

SrozreiNeE

For
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(i) the minimum length L of the screen so that both first order diffracted images may vse

be viewed at the same time on the screen.

length = ..o m
[5]

9T02/RIMNES [Turn over
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5 Two large flat metal plates A and B are placed 9.0 cm apart in a vacuum, as illustrated in ?

Fig.5.1.

plate A plate B

.
-

| 9.0cm

-
450V

|
-

Fig. 5.1
A potential difference of 450V is maintained between the plates by means of a battery.

{a) (i) On Fig.5.1, draw an arrow to indicate the direction of the electric field between
plates A and B,

(ii) Calculate the electric field strength between A and B.

field strength = ......oovveeeere e, NC!
[3]

AT0RF2NNNQS
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{b} An electron is released from rest at the surace of plate A.

(i) Show that the change in electric potential energy in moving from plate A to plate B

is 7.2x10°17,

{ii} Determine the speed of the electron on reaching plate B.

{c} On the axes of Fig.5.2, sketch a graph to show the variation with distance d from plate

A of the speed v of the electron.

'

speed = ...

e mg™?

4 6 8 10
dicm

ATOZZIMNOG
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16
Cne isotope of iren may be represented by the symbol
2eFe.
{a)} State, for one nucleus of this isotope,
(i) the number of protens,

number=....................,

(ii} the number of neutrons,

MUMDBET = ot ettt ris e aee s
(2]

{b) The nucleus of this isotope of iron may be assumed to be a sphere of radius
57x%107°m.

Calculate, for one such nucleus,

{i) the mass,

MASS = +nevenernrraarerneraeneneeneenennennens Kg
{i) the density.

AENSIY = ..oeveiiineeieieriereaereerrreraeneens kgm™3

[4)

STOI2OMCA
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{¢) An iron balil is found to have a density of 7900kgm™3. By reference to your answer in

{b)(ii), suggest what can be inferred about the structure of an atom of iron.

. [2]

SRR [Turn over
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7 An electric heater is rated as 240V, 1.2 kW and has constant resistance. st

(a) For the heater operating at 240V,

{I} show that the currentin the heateris 5.0A,

(i) calculate its resistance.

SIS AN = e Q

SO0
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(b) The heater in (a) is connected to a mains supply by means of twe long cables, as
illustrated in Fig. 7.1.

l’)--_u—\.-n_.—--—._,—.-u—‘_—-..-—--———-. - — ., = = - =
mains cables, heater
supply total resistance 4.0Q 240V

1.2KW

G — et i M o = W = e oA

Fig. 7.1

The cables have a total resistance of 4.0 ). The voltage of the mains supply is adjusted
so that the heater operates normally at 240V, Using your answers in {a), where
appropriate, calculate

(i) the potential difference across the cables,

potential difference = ... Vv

{ii) the voltage of the mains supply,

voltage = ..o.oveee e W

For
Examinars
Uss
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(iii) the power dissipated in the cables.

power dissipated = ... w

{¢} Using information from (b), determine the efficiency £ at which power is transferred from
the supply to the heater. That is, calculate

power dissipated in heater
&= .

power input from supply

efficiency = ..., 2]

STURIMO3
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