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Materials
For this paper you must have:

a pencil and a ruler
a scientific calculator
a Data and Formulae Booklet.

Instructions

Use black ink or black ball-point pen.
Fill in the boxes at the top of this page.
Answer all questions.

Time allowed: The total time for
both sections of this paper is

2 hours. You are advised to
spend approximately

50 minutes on this section.

You must answer the questions in the spaces provided. Do not write

outside the box around each page or on blank pages.

Do all rough work in this book. Cross through any work you do not want

to be marked.
Show all your working.

Information

The marks for questions are shown in brackets.
The maximum mark for this paper is 35.

¢ You are expected to use a scientific calculator where appropriate.
o A Data and Formulae Booklet is provided as a loose insert.
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Answer all questions in this section.

Figure 1 shows apparatus which can be used to determine the specific charge of an
electron.

| R
filament anode _—region of

|
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: ! magnetic
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power supply

Electrons are emitted from the filament and accelerated by a potential difference
between the filament and anode to produce a beam. The beam is deflected into a
circular path by applying a magnetic field perpendicular to the plane of the diagram.

|I| Describe the process that releases the electrons emitted at the filament.
[3 marks]

“The process s ca”ed thermignic ms;tm/—
Mhe curent in, the wire comses o 2 heat up /
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El Table 1 shows the data collected when determining the specific charge of the electron
by the method shown in Figure 1.

Table 1

potential difference V that accelerates the electrons 320V

radius r of circular path of the electrons in the magnetic field | 4.0cm |= 0.0‘I-w\

w% J— "M\Ivs’eea, dfel:ld'"’"\ [2 marks]

kmﬁt«(‘. CI\MF o~ e‘ed;m
= e\/——acce(emtmg p-d.

V= ,_wwz v ﬁmeme(zcbm Bev'—’

4
2’:\! Bef__> M"gr ‘l_

. Using data from Table 1, calculate a value for the specific charge of the electron.
Give your answer to an appropriate number of significant figures.

%:\ledsf L _ v
VY = 320V e
r = 0.040.m — 2x310
15x16*) x0.04 /S
=77 77\40“6@
2 | 810" Chy" v/

L
specific charge of the electron = I -%! 'O Ckg

&

V=

[2 marks]

Question 1 continues on the next page

-3 o
flux density B of the applied magnetic field 1.5mT = |50 T
-£
™M 2V
Show that the specific charge of the electron is given by the expression ——
/MS‘ ‘ hd?'ﬂ\ B l"2

Turn over »
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E At the time when Thomson measured the specific charge of the particles in cathode
rays, the largest specific charge known was that of the hydrogen ion.
— =%
State how Thomson'’s result for the specific charge of each particle within a cathode
ray compared with that for the hydrogen ion and explain what he concluded about the
nature of the particles.

[2 marks]

roys wmtd&rfhmtkd:dabﬂlmm

edfﬂem‘ﬁ\oo‘.em% quer
uwoa:zfa-dlemm 5o they consisted

ﬁe/ed’mwdf\a[awmss aaola/uq‘f\
mqncﬁde of Charge

- The specific d\amﬁ of the parlidles in cathode
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Turn over for the next question box
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Figure 2 shows a modern version of the apparatus used by Hertz to investigate the box

properties of electromagnetic waves. Electromagnetic waves are continuously
emitted from a dipole transmitter. The electromagnetic waves are detected by a

dipole receiver.
An oscilloscope is used to display the amplitude of the detected signal at the dipole

receiver.
Figure 2

dipole V!eft‘-Cﬂ.\ dipole receiver

transmitter

oscilloscope

—

Figure 3 shows the same apparatus when the dipole receiver has been rotated
through an angle of 90°

Figure 3

| oscilloscope
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El Sketch a graph on Figure 4 to show how the amplitude detected by the dipole
receiver varies with angle of rotation as the receiver is turned through 360°
Start your graph from the position shown in Figure 2.
[3 marks]

Figure 4

\/ —
rhanima are [¥07 apart
Mitiwma ate 1R qfnfr

amplitude
of signal

U

190
o a0 angle of rotation in degrees 270 360

1
@ Maxwell derived the equation ¢ = r for the speed c of electromagnetic waves,
/u()gO

where g is the permeability of free space and & is the permittivity of free space.

Explain, using a suitable calculation, why this equation led to the conclusion that light
is an electromagnetic wave.

}*o — ll'ﬂ < lo {MA [2 marks]
€o =%.85x10 “Fui'

_ = 9 a4 ZE(Ows"
IR R W
* The exmmia( value defermined for the
spedoF (,cht is sinilor & the calculdfed spee(r

eCfmqnef!( waves.
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Figure 5 shows a vacuum photocell in which a metal surface is illuminated by
electromagnetic radiation of a single wavelength. Electrons emitted from the metal
surface are collected by terminal T in the photocell. This results in a photocurrent, 1,
which is measured by the microammeter.

Figure 5

electromagnetic

o vacuum photocell
radiation P

(.GSS flﬂl’%‘j MM
microammeter
metal surface @AD/

(= decreases 1¢ +he F.d ocress ‘HQ

'
The potential divider is adjusted until the photocurrent is zero.

The potential difference shown on the voltmeter is 0.50 V ~~ w‘\ ded'm M

The work function of the metal surface is 6.2 eV O,SOQ,V - 80"‘0

|I| Calculate the wavelength, in nm, of the electromagnetic radiation incident on the

metal surface. -1q
|Q.V - I .6 XIO T [3 marks]

62 =62x16xI0" T
=342x0 5 v
=19 -
’fncmi.ns P‘\J@Evs‘tm on erenyy sf (QHZxIO )-1- (%.Oxlo
£ < he— el & Gy = 1.072x107"5

/ - 1.072x10 "

A
\ £
enesgy
of PhotM uw;w wavelength = l%\/(’_‘:‘IQO) nm

) (=
¥
j
%3
_\;gi

=3 g .
= 1= %C. - 66310 7% 3107 | oo 157
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Do not write
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Izl The intensity of the electromagnetic radiation is increased. No adjustment is made to box

09

the potential divider.

The classical wave model and the photon model make different predictions about the
effect on the photocurrent.

Explain the effect on the photocurrent that each model predicts and how experimental

observations confirm the photon model. \/ M Md—\ms (3 marks]
C(,nsstm(, Wowe Model UxV, o Sor a powl made in ech wdel
E(ecfms wnll everitisally qin ezovdn kingbic
erqy 1o reach T
w,ty em-mln intensit 4, the WM

electrens mﬂbewmrsoﬁmlemtkesme
um':‘\ mkmd'ccenm

*This predicts an increase (n the prétocusreat

Pheton Medel '/s»a(epmlm'km&e;mq,ad'mfosig
-The energy of a phalon cs ndl high T que sufficiedt
Rivetic enemy % an eleclion, so the i5 ndt prelcied 3 chane

The potential divider in Figure 5 is returned to its original position so that a
photocurrent is detected by the microammeter.

The potential divider is then adjusted to increase the potential difference shown on the
voltmeter.

Explain why the photocurrent decreases when this adjustment to the potential divider
is made.

[2 marks]

+ If the MA(L'\»C\ on the voHSne'hr is hicher, the

electrons need mere eneryy % gmffceggp\/

* Fewer elections reach T in every uat e,

so the rofe of Aow of electons (and therefore

Ch«fqﬂ) in the cu'cun‘ docreases J

Question 3 continues on the next page
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E The apparatus shown in Figure 5 is used to investigate three different metal surfaces
A, B and C.
Table 2 shows, for each of the three surfaces, a voltmeter reading V and the
corresponding photocurrent I. The same source of electromagnetic radiation is used

throughout the investigation. M\ P po‘ﬁelthéh(. A;{M{
— - -~ e“
Table 2 P'ij -t~ t‘i:z"
c

VIV I/pA

€=VIt
v
Metal surface A 1.5 56 8“- =>L“%'\€$t .

Metal surface B 25 56 Ml-o M
=7

Metal surface C 2.5 78 IQS WB“, l e

Which conclusion about the relationship between the work functions of A, B and C is
correct?

Tick (v') the correct box.

A>B>C \/ \/

A<B<C

[1 mark]

B>A>C

B<A<C

Do not write
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Figure 6 shows a diagram of the Michelson-Morley interferometer that was used to try
to detect the absolute motion of the Earth through the ether (sether).

Light from the monochromatic source passes through the semi-silvered glass block
and takes two different paths to the viewing telescope. The two paths, PMs and PM,,
are the same length. Interference fringes are observed through the viewing

telescope.
Figure 6
(]
Ll
direction =
ofEarths —— > A
motion V

monochromatic glass block

light source
Mo
1N

A 4

semi-silvered glass block

viewing telescope

It was predicted that when the interferometer was rotated through 90° the fringe
pattern would shift by 0.4 of the fringe spacing.

IB/M/Jun18/7408/3BD
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lIl Explain how the experiment provided a means of testing the idea that the Earth had box
an absolute motion relative to the ether.
Your answer should include:
¢ an explanation of why a shift of the fringe pattern was predicted
e a comparison of the results of the experiment to the prediction

¢ the conclusion about the Earth’s absolute motion through the ether.
[6 marks]

\)\l«t‘ was o shift prdicteo\?

’ﬂ\elmeﬁw\ PtoMz is in the same
e speed o wevped differedt
mate‘(’wo d,.reci'»ms /e(a.'('weﬂ‘d\Q ed\er
- With this d.f{umemwdﬂ\eug:tm
Gke o W‘(’m\eﬁQO-Fw\Pi M. ond
back 'U\M‘an\PtZ M M(l.bQCk
'{[(‘o‘fzch:ﬁ\e mrgmqu‘\ {0 wﬁ
et times Swop, m gmm e T
difference is reversed.
O\.M?M ‘[‘lwf time AI.FWQ ww.(o\ M"d\e
phast difference s change , menning the observar
Ms&ad&ﬁw‘ff&m

M the resu H’S t the @iaﬁm

+The opparddus was alde o detecd shifts of 0.05

fringe
*No c}\ameum/s Mm‘t‘\aﬂexpwv\u\tcr

any later ores

Extra space is available on the next page
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[

‘M.S\MS MAA J‘L
"rhee .12,‘1’5‘4&&&6\4-‘:{‘\%!:3'\00&)

melion

—2 Absolute metion & relative 1 a universl
stationary resl” frome

—> TIn v'ea(tb\: a.l\ molion (s N(ﬂ('cve

+The ether does net exst, s (Aﬂt can travel
m’dwtwu moterial medium °
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El The Michelson-Morley experiment provides evidence for one of the postulates of
Einstein’s theory of special relativity.

State this postulate.
[1 mark]

The med «Fb)gkhs the same in free space/
con also oy

“vocuwm'

- State the other postulate of Einstein’s theory of special relativity.
[1 mark]

The same laws of 'pkjsics oﬂiﬁmmsme‘{'\h(_ frome
of reference V'

Question 4 continues on the next page
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E One consequence of the special theory of relativity is length contraction. box

Experimental evidence for length contraction is provided by the decay of muons
produced in the atmosphere by cosmic rays.

Figure 7 shows how the percentage of the number of muons remaining in a sample
changes with time as measured by an observer in a frame of reference that is
stationary relative to the muons.

Figure 7

100

70

>
//

60 i
percentage \

of muons 50
remaining

40

N
20 N
104! AER AR
S

) (t? = 0.6 ?xi )

0o 1 2 3 4 5 6 7 8 9 10
time /106 s
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Do not write
. . . . . outside the
In a particular experiment, muons moving with a velocity 0. 9900 travel a distance of box

1310 m through the atmosphere to a detector. (n% é M d (SH

Determine the percentage of muons that reach the detector.

distanc 1310
TMQ O(fbgkk— Me 3

0.99x 3xI08

st = bl

t=tfrE T Ug{“
l

[4 marks]

l
ﬁ'me{ = 44|xI0 (oqqo.._) =6. 22*10 S
statiovary Fome  Roading frow the 3@; 8% are remainim)
v,
percentage = 82 (t I) % ?

/‘\u’waﬁ Moo‘ V4

m(_ .t.d END OF QUESTI S: — -
length t.

Y~ 0%Qx3xl0%
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