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Paper 3 — Section B (Turning points in Physics)

Specimen 2014 Morning Time allowed: 2 hours
Materials

For this paper you must have:

e a pencil

e aruler

e a calculator

e adata and formulae booklet

e aquestion paper / answer book for Section A.

Instructions

e Answer all questions.

e Show all your working.

e The total time for both sections of this paper is 2 hours.

Information
e The maximum mark for this section is 35.

/Please write clearly, in block capitals, to allow character computer recognition.
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Section B

Answer all questions in this section.

In an experiment to measure the charge of the electron, a spherical charged
oil droplet of unknown mass is observed between two horizontal parallel

metal plates, as shown in Figure 1.
Figure 1 w «loc&\) i M-t
be n equilibrivm

Dy

V= %‘I‘tf‘

.[1] The droplet falls vertically at its terminal speed when the potential difference

A droplet of radius r falls at its terminal velocity, v. m=

Derive an expression for r in terms of v, , p and g, where 7 is the viscosity

of air and p is the density of the oil droplet.
[2 marks]

brqev = mg = t""“'f?/’ Q‘/=> av.= 079
rt= '_zs_ﬂ'ﬁ— < —ﬂ— D= (—"—Y

= Grmrv

\ A _
Wﬂ\\t =mq
(pd) between the plates is zero. mass = JM\Sihﬁ x W&"e

. @ Explain how the mass of the oil droplet can be calculated from its radius and
other relevant data.

\A [1 mark]

r= / t '“‘/)V- —"Tﬂ
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A potential difference (pd) is applied across the plates and is adjusted until
the droplet is held stationary. The two horizontal parallel metal plates are
15.0 mm apart. The mass of the droplet is 3.4 x 10 "°kg.

The droplet is held stationary when the pd across the plates is 1560 V.

Calculate the charge of the oil droplet.

[2 marks]
=% DF=F=myv
Q= ﬁé = 340" x4.3lx I.SxIO-
v . 1560
-
3.207x10 " C 3245V

charge =

A student carries out Millikan’s oil drop experiment and obtains the following
results for the charges on the oil drops that were investigated.

-9.6x10™"° C -12.8x107°C -6.4x107"°C

LA
Discuss the extent to which the student’s results support Millikan’s
conclusion and how the student’s conclusion should be different.
[3 marks]

MilliRao's condusion wns thet the chame

on an election is -1.6x10°"C

+The shudat’s results are glk | ww\@d of
-1.6x10°"C V/ M

+Studenk s resulis d«ag}

s -3 W07 (s T mM qudilian)
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Figure 2 shows a narrow beam of electrons produced by attracting the
electrons emitted from a filament wire, to a positively charged metal plate

which has a small hole in it.

Figure 2

. II| Explain why an electric current through the filament wire causes the wire to

emit electrons.
[2 marks]

 Goererl passing, theonsh ths vire couses s

) @ Explain why the filament wire and the metal plates must be in an evacuated
tube.
[1 mark]

ﬂ\ze(:.c.tmswuuc«yﬂ.hwﬂ\w
meeculos /
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. The potential difference between the filament wire and the metal plate is

4800 V.

Calculate the de Broglie wavelength of the electQns in the beam.

[4 marks]
/ / \ Wﬁa

# M,\ Mnas
ehetron dx=)

vz -2;‘,\- 6.6%0 - s;)/o\/s |.77Zx|0.|:m
N = D = UG ;SI—JH“‘E x-'-
—> 2’ - m - wavecl‘:ngtlh°= I.%X'O-“ \/ m
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The beam is directed at a thin metal foil between the metal plate and a
fluorescent screen at the end of the tube, as shown in Figure 3.

The electrons that pass through the metal foil cause a pattern of concentric
rings on the screen.

Figure 3

screen screen

——rings
electron beam
/
metal foil

glass tube

(bulb only -~
shown) =~

side view front view

. EI The potential difference between the filament and the metal plate is
increased. State and explain the effect this has on the diameter of the rings.
[3 marks]
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03] Maxwell's theory suggested the existence of electromagnetic waves that

1
travel at a speed of / .
Solty

Hertz later discovered radio waves and performed experiments to investigate
their properties.

Figure 4 shows a radio wave transmitter and a detector. The wave is
transmitted by a dipole aerial. The detector consists of a metal loop
connected to a meter.

Figure 4

. IIl Explain how the detection of the wave by the loop demonstrates the magnetic
nature of the radio waves.
[2 marks]

‘WM&WWT&F&X&\WW

. lz| Explain how the electric nature of the waves emitted by the dipole could be
demonstrated.
[1 mark]

Place. ansthar dipela Mﬁn Fansdlir olagned
with " & . ﬂ&&f«(z dedid on eledte Gold. TF
MMW the wane mugt have
an doctic Gdd. V
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i Hertz used an arrangement like that shown in Figure 4 to determine the
speed of radio waves.

[Describe how the speed was determined][Go on to discuss how the
experiments of Hertz confirmed Maxwell’s predictioﬂ and the[experimental
evidence that suggests that light is also an electromagnetic wave.

[6 marks]

Defermining Gpend. _ v=fL
 Sofinary - "3)/\ ped r’:"'id‘

Vel
rd

B |
vl Y
fnd the Wluga\,wemmhM%&'wdﬁv:R
wih a kaowm Gequescy & Gind 0 wone peed

éa ; MO(XWQR'S P i
-M 'SMI&MﬁmamwM
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One of the two postulates of Einstein’s theory of special relativity is that the
speed of light in free space is invariant.

. II| Explain what is meant by this postulate.
The speed. of % in frex space if
F the maton & te sours and the observer:

[1 mark]

. IZ| State the other postulate.
[1 mark]

Mﬁwmﬂ\nmu\aﬂ

jf‘

. Two detectors are measured to be 34 m apart by an observer in a stationary
frame of reference. A beam of Tt mesons travel in a straight line at a speed
of 0.95c¢ past the two detectors, as shown in Figure 5.

\a0a5 times & riour 23,040 s’
o;i)?i# Figure 5 C ms

Calculate the time taken, in the frame of reference of the observer, for a
7 meson to travel between the two detectors.

M . c [1 mark]

- -7
t= o.c:::z.o,do8 = 1930 s ~1.2x(0's

l.leOJS \/

time =

PMT

































































































































































































































































































































































































































































































































































































































PhysicsAndMathsTutor.com

10

\

so 15% left
IZl T mesons are unstable and decay with a half-life of 18 ns.

It is found in experiments that approximately 75% of the ® mesons that pass
the first detector decay before reaching the second detector.
Show how this provides evidence to support the theory of special relativity. In

your answer compare the percentage expected by the laboratory observer
with and without application of the theory of special relativity.

% 265% [5 marks]

The mber of mesons has kal,veo\ twce‘/so o
M&-(xwes ‘\NefMSEA mﬂacb&mers%w\e‘/

T/ I8
t = r' 2 - = 57é50\5
‘_% ﬂ-qu Y,
2 5%

=> Appvxwvxte(») hol§ of 110ns

=67, o more than € holf-lues hoe

/

pwsed if thee s wo speua( relativity

'EC s q Gx |O 'OZ’
S 909 wuows should have
%J st,;wA relativity. /
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