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Paper 3 
Section B Turning points in physics 

Materials 

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

For this paper you must have: 
• a pencil and a ruler 

2 hours. You are advised to 
spend approximately 

• a scientific calculator 
• a Data and Formulae Booklet 

50 minutes on this section. 
• a protractor. 

Instructions 
• Use black ink or black ball-point pen. 
• Fill in the boxes at the top of this page. 
• Answer all questions. 
• You must answer the questions in the spaces provided. Do not write 

outside the box around each page or on blank pages. 
• If you need extra space for your answer(s), use the lined pages at the end of 

this book. Write the question number against your answer(s). 
• 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. 
• A Data and Formulae Booklet is provided as a loose insert. 
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Section B 

Answer all questions in this section. 

Figure 1 shows the apparatus used in an experiment to investigate electron diffraction 
and the de Broglie hypothesis. 

A 

variable 
voltage supply 

B 

Figure 1 

fluorescent 

glass 

~ target 

vacuum 
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I O I 1 l.[IJ Explain how high-speed electrons are produced in the apparatus in Figure 1. 

In your answer you should: 

• name parts A and B 
• discuss the purposes of potential differences Vi and V2• 

[4 marks) 
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In the experiment, electrons are incident on a target made of a crystalline material. 
The electron wavelengths need to be about 50% the size of an atom to produce a 
diffraction pattern on the screen. 

Suggest a suitable value for V2• 

Support your answer with a calculation. 

cl, a. \IY\Jt,UI< O-\, oJ-CM1 ~ 0 . l V\ m 
-":> ~ ~ 0 ~\.d- bQ. ~ o . o 5 Y\ m · 

A~~ 
~ 

Question 1 continues on the next page 

[4 marks] 
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I @I].[!] Figure 2 shows a typical diffraction pattern produced on the screen by the electrons. 

I 11~11111111111111 
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Figure 2 

Explain how measurements made with the apparatus in Figure 1 can be used to 
support the de Broglie hypothesis. 

[4 marks] 

l!n 'V\ VQ \'f.Q YLl a :b a (I\ f bi p b gt:w O .Q. 0 w O \J Q.l.q n9rn 
CL V\, cl M o m o n-bJ t')c\ • m o a vi,u e V 2. m 
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I O I 1 l.[I] STM and TEM are abbreviations for two types of electron microscope. 
I Do no/ write 

outside the 
box 

Which row links the type of microscope to a relevant property of moving electrons? 
Tick ( ✓) one box. 

STM 

Moving electrons can cross a 
potential barrier. 

Moving electrons can be deflected by a 
magnetic field . 

Moving electrons can be deflected by a 
magnetic field. 

Moving electrons can cross a 
potential barrier. 

TEM 

Moving electrons can be deflected by a 
magnetic field. 

Moving electrons can be deflected by a 
magnetic field. 

Moving electrons can cross a 
potential barrier. 

Moving electrons can cross a 
potential barrier. 

Turn over for the next question 
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In 1864, James Clerk Maxw II bll h d 
speed of electromagnetic w:v!~n ! v:ciu:~ory that included an equation for the 

Show that Maxwell's th • 
vacuum. eory agrees with the accepted value for the speed of light in a 

Use information from the Data and Formulae Booklet in your answer. 

(2 marks] 

; · 00 x. \0 ~ a "d h) 

Wl a l \,At o 11 ' 1 

Between 1886 and 1889, Heinrich Hertz completed a series of experiments in an 

attempt to verify Maxwell's theory. Figure 3 shows a simplified arrangement similar to 

the one used by Hertz in one of his experiments. 

Figure 3 

T D 

- ---------------------------------

T is a radio wave transmitter with an aerial consisting of two vertical metal rods. 

D is a detector that uses a conducting loop aerial. 
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I O 121.w T Is switched on so that an oscillating current is produced In the metal rods. 

I 11111111111111111 
0 7 

An emf Is detected In the conducting loop aerial. 

Explain this experiment with reference to Maxwell's model of electromagnetic waves. 
[4 marks] 

\\'\ T ,ucl.fc:a±:e1 -thQ pYt\enlO Of Q(/1 

OV1il\ahn9 r; fi.etd :Tbo ovzilla+1n9 
C.Lq r' Q k] 4:: i Vl I t9 r o clu.. Ce [ C! b QY\ I cw +a I fs 

f Q.tcA. :Ih o l£o. v1.j i r\9 h av, t- o:n.+a l B ti·e \~ 
i LA c! v.C-R I 

Question 2 continues on the next page 
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----- - - -------
In a different experiment Hertz used stationary waves to determine the speed of radio 
waves. 
Figure 4 shows an experimental arrangement similar to the arrangement Hertz used. 

Figure 4 

Do not write 
outside the 

box 

' = -----------------------------y-------------------
'----+-\....J detector 

fixed transmitter fixed metal reflector / 
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Stationary waves are produced between the fixed transmitter and the fixed metal 
reflector. 

In one experiment the distance between the transmitter and reflector is about 12 m 
and the transmitter frequency is 75 MHz. 

Deduce whether this arrangement can be used to measure the speed of 
electromagnetic waves suggested by Maxwell's equation. 

"To o.e.ta.,rYl"\V\€ +ha SJ?_Q_e_clJ yc--u. ~.e~cl to 
(4 marks] 
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Figure 5 shows the features of a Michelson-Morley interferometer. 

Figure 5 

plane mirror M 1 ~/~, ~ 
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.,,, ------:T--;)(--+----+-:;~L.--l plane mirror M2 
' 
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viewing telescope 

~observer 

Explain how, using this arrangement, Michelson and Morley attempted to detect the 
absolute motion of the Earth. 

In your answer you should: 

• outline the experimental procedure 
• explain the expected result of the experiment 
• describe the actual result and explain the significance of this result. 

[6 marks] 
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I O I 4 l.[JJ State what Is meant by an inertial frame of reference. 
[1 mark] 

o M \--h.cd oo av i J o t c CM vta o l:: v e.l o c ,· t:\j -

A pair of detectors is set up to measure the intensity of a parallel beam of unstable 
particles. 
In the reference frame of the laboratory, the detectors are separated by a distance of 
45 m. The speed of the particles in the beam is 0.97c. 

The intensity of the beam at the second detector is 12.5% of the intensity at the first 
detector. 

Calculate the half-life of the particles in the reference frame in which they are at rest. 

\ 
(0 -9-=r)'L 

(4 marks] 

C 1-
- 10 . C\YV"\ . 

l0 -9 

-i 
half-life = 1-~ 'f. I 0 s 

I O I 41.[I] In calculations involving time dilation, it is important to identify proper time. 

Identify the proper time in the calculation in Question 04.2. 

Oonolwnle 
outtld• tti. 
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(1 mark] 
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