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A ball attached to the end of a long string 1s made to rotate in a horizontal circular path at
a constant speed. The forces acting on the ball are its weight, W, and the tension, 7, in

the string.

Long
| string

Horizontal
circular path

Y

Y W

Free-body force

diagram

With reference to the free-body force diagram, explain how it is possible for the ball to

move with constant speed and yet still be accelerating.

(Total 4 marks)
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2.

(a) Plane progressive wavefronts are produced in a ripple tank. The frequency of the
vibrator producing the waves is 50 Hz. Calculate the time interval between
successive wavefronts.

.......................................................................................................................................

(b) The wavefronts are projected onto a white screen directly below the ripple tank.
They are viewed through the slits in a stroboscope that is rotated by hand. Diagrams
of the stroboscope and the arrangement are shown below.

A Direction

Xf rotation

Thick black
board

Viewing slits in the board

Handle

Ripple tank /UK Lamp

in darkened
room

L l

Stroboscope
Screen below ripple
tank showing image

§ Observer
Hand-held
stroboscope
of plane wavefronts
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(1) The angular speed of the stroboscope is gradually increased to the fastest speed
at which the wavefronts appear stationary. State the time interval between
successive slits at this instant.

(i1) Show that the angular speed. ma, of a point A on the rim of the stroboscope at
this same instant is approximately 26 rad s '.

(1v) Point B is 10 ¢m from the centre of the stroboscope and 5.0 ¢cm from A, State the
value of the following ratios.

L0 N £ 5 e

(Total 8 marks)
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3. Aspring of negligible mass and spring constant, 4, has a load of mass, m, suspended from
it. A student displaces the mass and releases it so that it oscillates vertically.

Direction of
oscillations

m

(a) The student investigates the variation of the time period, 7. of the vertical oscillations
with m.

Describe how he could verify experimentally that 7o Vi, Include any precautions

the student should take to make his measurements as accurate as possible. You may
be awarded a mark for the clarity of your answer.
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(b) The student calculates the natural frequency ot his mass-spring system. Show that for
a mass of 400 g and a spring constant of 230 N-m ' this frequency is approximately
4 Hz.
(3)
(¢) The student connects the mass-spring system to a vibrator and signal generator to
demonstrate resonance. Explain fully, with respect to this system, what is meant by
the terms natural frequency and resonance.
INALUTA] TTEQUETICY . oottt ettt ettt e e
RESONANCE: ..o et
4) Q3

(Total 12 marks)

N 2 2 3 7 0 A 0O 7 2 0



4. (a) Monochromatic red light of wavelength 720 nm is used to produce a two slit
interference pattern on a screen.
<l D |-
b s
*7F¢ ________________________________
Monochromatic }
source Double
slit
Screen
(1) Give typical values for the slit separation s and the distance > between the
double slit and screen.
8 ettt ettt ket e e ettt e e b e et n et e ettt e
DD ettt e e bt e re ettt e e e abae e sree e aanee e e
(ii) A drawing of the central section of the interference pattern is shown on the grid
below. The centre of the pattern is at O.
~ Centre of pattern
L ()]
S R -
Red =+
~ fringes
SCALE
l cm G| (e o imwl_ fwEl
represents ' |
5 mm I
|

O L




Determine a value for the separation of the red fringes. Show your working.

(b) The red source is replaced by a monochromatic blue source of wavelength 480 nm
to produce a second interference pattern. The practical arrangement remains

unchanged.

Use the lower part of the grid to draw the five central blue fringes. Use the lines
below for any calculation you make.

1s used.

(Total 10 marks)
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5. A leaf of a plant tilts towards the Sun to receive solar radiation of intensity 1.1 kW m™,

which 1s incident at 50° to the surface of the leaf.

Incident
solar
radiation

(a) The leaf is almost circular with an average radius of 29 mm. Show that the power of

the radiation perpendicular to the leaf is approximately 2 W.

(b) Calculate an approximate value for the amount of solar energy received by the leaf

during 2.5 hours of sunlight.

(Total 5 marks) | |
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Photoelectrons are emitted from the surface of a metal when radiation above a certain
frequency. /. is incident upon it. The maximum kinetic energy of the emitted electrons
1s Fy.

(a) On the axes below sketch a graph to show how Fy varies with frequency f.

Ex

(2)
(b) State how the work function, ¢, of the metal can be obtained from the graph.

(Total 4 marks)
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7. The diagram shows some of the energy levels of a tungsten atom.

0 lontsation

—69.6 v

Energy / keV
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(a) An ¢xcited electron falls from the —1.8 keV level to the —69.6 keV level. Show that
the wavelength of the emitted radiation is approximately (.02 nm.
(4)
(b) To which part of the electromagnetic spectrum does this radiation belong?
(n Q7

(Total S marks)
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8.

(a) Edwin Hubble examined the relationship between the recessional speed of galaxies,
v, and their distance, d, from Earth. The graph shows the best-fit line for his results.

80 —
Recessional
speed
v/ 103 kms™!
60 -
40
204
0 ' T T |
0 2.0 4.0 6.0

Distance d/10° ly

(i) Use the graph to determine a value for the Hubble constant, H, in s

working.

. Show your
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(b) Explain how the Hubble constant provides us with an estimate for the age of the
Universe, 1.

(c) lonised calcium has a line spectrum which includes a spectral line of wavelength
393 nm. The observed wavelength of this calcium line in the radiation from a distant
galaxy is 469 nm. Calculate the galaxy’s recessional speed.

(d) Briefly explain how the value of the average mass-energy density of the Universe will
determine whether the Universe is open or closed.

(Total 12 marks)
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List of data, formulae and relationships

Data
Speed of light i vacuum
Gravitational constant
Acceleration of tree fall
Gravitational field strength
Elementary (proton) charge
[lectronic mass
I-lectronvolt
Untfied atomic mass unit
Molar gas constant
Permittivity of free space

Coulomb Law constant

Permeability of free space
Planck constant

Rectilinear motion

[For uniformly accelerated motion:

Forces and moments

¢=3.00x10"ms"!
G=667x10"Nm kg *
¢=98Ims "’
2 =981 Nkg '
e=1.60x10"C

m, =9.11x10 kg
levV=1.60x10")
u=1.66x10"kg
R=831JK '"mol '
&0 =8.85x10° " Fm '

k=1/4mne,
=899x10°Nm-C *
iy =4mx10 "NA™

h=6.63x10 *]Js

t=u+al
x=ul+4ar’

bl ~
0T =0+ 2ax

(close to the Earth)

(close to the Earth)

Moment of /" aboul O = [ x (Perpendicular distance from /' to O)

Sum of clockwise moments
about any point in a plane

Dynamics
Force
Impulse

Mechanical energy

Power

about that pomt

Radioactive decay and the nuclear atom

Activity

Half-lite

Av
Fem Y
At A1
A= Ap
P=1rv
/1 = }L/\’/
At =0.69

Sum of anticlockwise moments

(Decay constant 4)
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Electrical current and potential difference
Electric current I =nAQuv

Electric power P=1I"R

Electrical circuits

Terminal potential difference V= Ir (E.m.1. &€; Internal resistance )
Circuit e.m.f. 2E =2IR
Resistors in series R=R +R,+ R,

1 |

Resislors in parallel ! =—+ L
R R R, R
Heating matter
Change of state: energy transter =/Am  (Specific latent heat or specific enthalpy change /)
Heating and cooling:  energy transter = mcAT (Specific heat capacity ¢: Temperature change AT)

Celsius temperature 0/°C=T/K-273

Kinetic theory of matter
Temperature and energy T o Average kinetic encrgy ol molecules

Kinctic theory p=%pic)

Conservation of energy

Change of internal energy AU =AQ+ AW (Energy transferred thermally AQ:
Work done on body AW)

- . . Useful output
Etticiency of encrgy transter =

Input
. . - T -T,
Heat engine: maximum efficiency = T
|
Circular motion and oscillations
AG v : .-
Angular speed o= A =— (Radius of circular path r)
tror
5
. . v
Centripetal acceleration a=—
-
. I 2= ,
Period 7T=—=— (Frequency ')
f &)

Simple harmonic motion:
displacement x = x, cos 27/

maximum speed = 2mfx,

acceleration a = —(2nf)’ x

. /
For a simple pendulum T = 27[\/i
g

For a mass on a spring T=2n [%7 (Spring constant &)
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Waves

Intensity

Superposition of waves

Two slit interference

Quantum phenonmena

Photon model

Maximum encrgy of photoclectrons

Energy levels

de Broglie 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

For an ¢lectron in a vacuum tube

Capacitance
Energy stored
Capacitors in parallel

Capacitors in series

Time constant for capacitor
discharge

cAV

(Distance from point source 7

Power of source P)

(Wavelength A; Slit separation s;

Fringe width x; Slits to screen distance D)

b
[
-
PRERE
D
I =ht
=hf —¢
hf =k —F,
o
P
A AL
’ A«
= Hd
g=F/m
¢ =Gm/r*, numerically
E=F/Q
E=kQ/r
E=V/d
:A(%IHCI'Z)
w=lop?
C=C 4Oyt G
L
CoC GGy
=RC

(Planck constant /1)

(Work function ¢)

(Hubble constant )

(Gravitational constant (&)

(Coulomb law constant k)
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Muagnetic fields
Force on a wire F =Bl

Magnetic flux density (Magnetic field strength)

in a long solenoid B = pynl (Permeability of free space i)
near a long wire B = p,l/2nr
Magnetic flux & =BA
. . . . NAD N .
E.m.[. induced n a coil E=-—— (Number of turns A)
Al
Accelerarors
Mass-energy AE = Am
Force on a moving charge F=BQuv
Analogies in physics
Capacitor discharge Q=0 "k
h
~—=In2
RC
Radioactive decay N=Npe
At, =1n2

Experimental physics
Estimated uncertainty x 100%

Percentage uncertainty =
Average value

Mathematics
sin(90°—0) =cos O
In(x"Y=nlnx
In(¢™ )= kv
Equation of a straight line y=mx+c
Surface area cylinder = 2mrh + 27
sphere = 4>
Volume cylinder = h
sphere = 4 /-
For small angles: sinf =~ tanf =0 (in radians)

cosO = |
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