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Materials

For this paper you must have:

e a pencil and a ruler

¢ a scientific calculator

¢ a Data and Formulae booklet.

Instructions For Examiner’s Use
e Use black ink or black ball-point pen. )
e Fill in the boxes at the top of this page. Question Mark
e Answer all questions. 1
¢ You must answer the questions in the spaces provided. Do not write 2

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 3

to be marked. 4
e Show all your working. .
Information TOTAL
e The marks for questions are shown in brackets.

¢ The maximum mark for this paper is 35.

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 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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Section B

Answer all questions in this section.

[o1].[1]

Figure 1 shows a gas discharge tube devised by William Crookes in one of his
investigations.

When a large potential difference is applied between the cathode and anode the
paddle wheel is seen to rotate and travel along the rail towards the anode.

Figure 1
— +
cathode anode
\paddle wheel
N [I Z
e ( () ) N
<ﬂ \ rail

Explain how this experiment led Crookes to conclude that cathode rays are
particles and that these particles caused the movement of the paddle.
[2 marks]

Eloctrons move frow the cathede o He anode
- The ,padcl(e wheel qains energy from the
electrons vV )
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. El Later experiments showed that cathode rays are electrons in motion.

Explain how cathode rays are produced in a gas discharge tube.
[3 marks]

-Gas aloms ore conised H‘Ae\j lose electioms) v
- Electrons are emdted from the cathode V'
- Electrons ope ac&(erdﬁecl ‘i’owwl the anode v

. El In a particular gas discharge tube, air molecules inside the tube are absorbed by
the walls of the tube.

Suggest the effect that this absorption may have on the motion of the paddle
wheel.

Give a reason for your answer.
Retes More Retufes Less

The elections move. | - Fewer electrars cdlide
/dum/\ weh o M\er with the mJoUo. whee, /
kinetic enermy v - The potlc“e whee| rilates

[2 marks]

< The paddle vheel ess v/

Turn over »
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Figure 2 shows the apparatus Fizeau used to determine the speed of light.

Figure 2

NIV
—O/— light
/ T\ source

mirror M

observer O

partially
reflecting
mirror

rotating
toothed
wheel W

The following observations are made.

A When the speed of rotation is low the observer sees the light returning after
reflection by the mirror M.

B  When the speed of the wheel is slowly increased the observer continues to

see the light until the wheel reaches a certain speed. At this speed the
observer cannot see the light.

. |I| Explain these observations.

[2 marks]

Observation A

The whee| does € ratade quick
o todth to ’oeir\-l‘kemmdwhn(.%‘\t/d'm
a ' oot M

Evefialby the wheel is spining ot encwih
that Lkt passes though on (fs vy onk T iror
M, but thy refacted Lk hits on adjmoent
tooth on the WoN back’ /
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. El Table 1 shows data from Fizeau's experiment at the instant when observation B is
made.
Table 1

d, distance from M to W 8.6 km

1, number of wheel revolutions per second 12

n, number of teeth in the wheel 720
It can be shown that the speed of light c is given by the equation

c=4dnf
Discuss whether the data in Table 1 are consistent with the present accepted
value for the speed of light.
[2 marks]

b x 6 xI0%IL xT720 = 2.97x |0 wms™V/

The presed valae i 3.0x[0°ms". Since the vilue
'y oot rmounds dw,zf‘dcam\/

. El The speed of the wheel is further increased.

Deduce the value of fwhen the observer would next be unable to see light

[2 marks]

returning from the mirror.
. \
\

D N

0= — "

o -——— &

The light must go Mn«ppwl‘tbtke
next testh /7

- fhe volue of £ must be WI2=35s"/

Question 2 continues on the next page

Turn over »
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. El Explain how the nature of light is implied by Maxwell’s theory of electromagnetic

waves and Fizeau’s result.
[3 marks]

_WMMPXLLQ Miﬂ ﬁ%

eﬁd‘mmqmlzc wWa\es \/

& cdose o the predicti mlue J
ﬂQ SLWM of thin m&mp(;es -tM’ (qu'cS
an elecfromaqneﬁc waye \/
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Turn over for the next question
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Turn over »
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Figure 3 shows the main parts of a transmission electron microscope (TEM).

electron gun

Figure 3

E:?T
L /l\\ -1
(] L

condenser lens

thin sample
as a specimen

objective lens

projector lens (

fluorescent screen

What is the process by which electrons are produced in an electron gun?

Tick (v') the correct box.

Beta particle emission

Electron diffraction

Photoelectric effect

Thermionic emission

[1 mark]

iR

| Process Ly which o metal is hedted ap and

0 8

™ delocalisek electrors ore brougft % the swie
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wal
oqu,cbm mssof # election =2.4xI10 -“

The electrons in a particular TEM have a kinetic energy of 4.1 x 1077,
Relativistic effects are negligible for this electron energy.

Suggest, with a calculation, whether the images of individual atoms can, in

principle, be resolved in this TEM.
H.W\Ck consbod, Gm"lo 9—5 [3 marks]

ﬂ., _ & 626:|0
yd ,I 7] M E VT4 X6 e . \x (0 '8
\h.x:tc enemy

electron, 91110 £3

This wovelenath is smaller than the width of

MM,O.TM_)SOMQS mbemolwl.\/

Question 3 continues on the next page
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10

. El A typical TEM can accelerate electrons to very high speeds and form high

resolution images.
Explain:

¢ the process of image formation, and
¢ the factors that affect the quality of, and the level of detail in, the image.

[6 marks]

:Cmag-e. 'M'OIL

' Electrons mmﬂwuq‘\ﬁe cefre of
t’kel.uvsmumitchm “direction (simidar
% WW\:&WM Z&VS) Mekc‘b-ws
foher from the et fne will, dve &
szmfz@ok

- i condrser lens difledts Yo elodrons iito
uMpmMﬁm/rquJﬁpatsw

the .
The obiective lews focugen the fwvue( heam

v

i Lo form da m\aqt

wlws redinedls the eltchrons o

more €ime B cast on imaqe oo the
Auorescent screen
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11

Qun.l.l"f% and Def’a'cl of IM

- Slower electrors have a laraer wonelongth,
and therefore provide less detail

There will be o tw\ge_fgﬂﬂe&c‘tm
speeds, basd tempertire distribaton
an the caﬂ\.dz\a

—> Clectims of dfirent spuds wilh bo

MM&MW

lenses, cousing abriration

‘A thickor samplt slows the. eletlions more.

dmme
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. |I| A student models a spacecraft journey that takes one year. The spacecraft travels
directly away from an observer at a speed of 1.2 x 10" m s '. The student predicts
that a clock stationary relative to the observer will record a time several days
longer than an identical clock on the spacecraft.

Comment on the student’s prediction. Support your answer with a time dilation

calculation.
_ ; Kfﬂf = 365 x Ll x OO =131,536,000¢ [4 marks]
Mu&{itw\e £ proper time (owdside
t == Lsraamm ‘e 2(,5%,000
‘“" Vet £ I T
Kapmaiie Iy

= 31,561,269 /

Dildtn = 31,561,294 — 31,536,000
= 25,‘25‘15 = 7/10W'S \/

The time cbeaved on the stotioany clock will be
Loner, bk by s than soveral. days.

. El In practice, the gravitational field of the Sun affects the motion of the spacecraft
and it does not travel directly away from the Earth throughout the journey.

Explain why this means that the theory of special relativity cannot be applied to the

journey.
[2 marks]

The ﬂw««fw WW%M
Mwm.srdoi&eﬁ eackiuﬂr-t;notbzaccm

L¥ the :poacmﬁ“w' ot olwmnys moving wadq
avay gmﬂ\egm crwﬁmm of
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13

Cosmic rays detected on a spacecraft are protons with a total energy of
3.7x10° eV.

Calculate the velocity of the protons as a fraction of the speed of light.
[3 marks]

3Tx10'x| 60 = 54505

Ckoqe on e(ec(fm
eferay in comlombs

\ /ZWOJOFC:{’W resl mass oF proton

E = mc =670 7ky

o \> _ mc®
J[-&

>v={e(-6a))

— % -\
= JGsuio% (1 - (3 Fma) ) =190

proton velocity = 0 .q7 ‘/ c

Do not write
outside the
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END OF QUESTIONS
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There are no questions printed on this page
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