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Section A

Answer all the questions.

A diffraction grating has 300 lines per mm.
(a) Calculate the separation between adjacent slits in the grating.
=3
| x \o
D — i 6
300 separation = . 3‘?)7<|O ..... m [1]
(b) Light from a helium-neon laser is incident at right angles to the grating. The wavelength of the
light is 633 nm. Calculate the angle of the first-order maximum for this light.
A= dswm @ n: |
-9
Q - s X . [633x<10 el -
= - ' -6 ]~
s \74d) = s (aaaxlo i
angle =i it ° 2]
(c) Explain how many orders of maxima can be obtained from this grating with this light source.
q (o)
Max vabe o& G - 0
‘ °
and sm9qo = |
-6
. d_ 3 3?))‘ |O _ 2]
Fo W8 Tk B = = 59
633~ 10
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2 A teacher sets up a demonstration represented in Fig.2. A ball-bearing is released from rest at the top
of the curved track. After leaving the track it accelerates under gravity until striking the ground at
horizontal distance s from the end of the track.

1.5m

not to scale

Fig. 2

(a) Show that the horizontal velocity of the ball-bearing as it leaves the track is about 5 m sl
Assume that all the gravitational potential energy at the top of the track is transferred to translational

kinetic energy at the bottom of the track. e
- [2gh = [2<98Ix 1S

m\ﬂ\\
= 5%ms 2]

(b) (i) Calculate the time the ball is in the air.
el 2. B

,} 25/ ,/ Sl time = O-‘\-c‘l s [2]

(i) Use your answer to (i) to calculate the horizontal distance, s, the ball travels before hitting the
ground.

Cavt oz 5079 =

(¢) The vertical velocity of the ball when it strikes the ground is 4.8 m s”'. By considering the horizontal
and vertical components, calculate the velocity at which the ball strikes the ground.

’ 594 ms™! O - tan' (+ 3/54-): 4| 6
N /Q 7

: ., magnitude of velocity = 7 <N ms’
q. ' % MS q_ o)
angle to horizontal 8 = ...... .. ?\ .......... %

[3]
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3* Unpolarised light passes through two polarising filters as shown in Fig. 3.

|
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e
ok

Fig. 3

The filters are initially oriented in the same direction, allowing light of maximum intensity to pass through to
the observer.

Describe and explain how the intensity of light reaching the observer varies as filter B is rotated clockwise
through 180° as indicated in the diagram. Use your reasoning to explain why skiers use polarising filters to
cut down glare from sunlight reflected off snowy ground. You may include diagrams in your answer.
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Section B
Answer all the questions
4 This question is about the Rosetta mission to image Comet 67P in 2014.

Fig. 4 shows an image of the comet at a distance of 285 km from the Rosetta spacecraft.

Fig. 4

Here are some data about the camera that captured the image:
Number of pixels on square light sensitive surface 2048 x 2048
Pixel size 13.5 pm x 13.5 um

Focal length of lens system 0.717 m

Angular field of view 2.20°

Angular resolution 18.6 prad per pixel

(a) (i) Each pixel is coded with 6 bits. Calculate the amount of data in an image.

2048 x 6 =

(i) Calculate the number of shades of grey available for each pixel in the image.

26 =

numberofshades=............é.ﬁt ....... [1]

(iii)  Typically, black and white imaging systems use 256 shades of grey for each pixel.
Suggest and explain why using fewer shades of grey may be an advantage.

With fewer bits per pixel there is less data to transmit / store
(2]
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(b)  The camera captures an image that is 2.20° wide across 2048 pixels. Is the angular resolution
given in the data accurate? Explain your reasoning.

| prad =5.73x10°°

2

?)0/0-“‘\9 \X/

= |67 % |O-1> 3 d.e\c) ?ev Paxei

- 2.0%8
P b N
A |-0) > 10 Ny
X : = l37 /u.rad ?n(el [2]
c 573107 & o
! 0 cowedr o OJ' leas\r s S99 .
-+ l K (c) (i) At a distance of 285 km from the comet, the image distance is equal to the focal length of
) -~ the lens system.
= Explain why this is the case. -
; ﬁ_ p‘ ¢ llls 6 el LA)L\QV\ s WD \/?,M.\ la,w)a,
Ny " = o ‘ N =
’-i*‘ @ ° \% w j— Hhon / b G 0 |
0 ° Lol o yal B
> Q L
= (ii)* It has been claimed that the system could resolve details of about 2 cm in length from a
3 L% distance of 1 km.

Calculate the magnification of the system for an object distance of 1 km. Use this value, and

O
(_%", suitable calculations using values from the data to discuss whether the claim that details down
o %_ to 2 cm can be resolved by the camera at a distance of 1 km is true.
5 % 0717 -+
N mers s S W 1o SO (o
Lk
T
- ; r Ve *
M (LL (%) 5+\1k V- |O«V%/ So can Assume ~
S . . -6
Q Anﬁdaxv @olotion v [%-7x |O vad So
- a*, ‘ 000 W /
e i< sije Prok can be
v X
G- i’;d . awe s @ rad lcoOm resolved

S = 1§ =107 x looo = O-0l9m
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5 This question is about the mechanical and electrical properties of steel and aluminium.

(a) The following results were taken in a class experiment to determine the Young modulus of steel:
Unceutami .
+°/° ~diameter of steel wire = 0.24 +/- 0.01 mm A & /‘C r’l
O- Ozalooriginal length of wire = 3.200 +/- 0.0005 m

=Y L
M~(012x10 )
0 0+o/°Aensile force =24.50 +/- 0.01 N 4_. 52 o Io_g M’L

é » /c extension of wire = 8.0 +/- 0.5 mm

(i) Use the data to show that the Young modulus of steel is about 2 x 10" N m™

= =% 245 = 3
| Ax 4.5 xlg°x §x10™

= 9.4 i« IO“ P

3]

A student calculated that the maximum value of the Young modulus obtainable from the
results is 2.5 x 10" N'm™. Explain how this value was reached and calculate the percentage
uncertainty in the determined value of the Young modulus.

83 US;MS MaX mown f)ossl)ob., vokoen dov
FWed L sad  seaiton vialits dﬂf
OUGMQ{’Q/V amd Q><+QV\5I\0Y\ ./(% oncgu}amxul—% (\ﬂu UF)

b ancatbinili; = FhxDw B% = A%
7 o Lb / as diameter 15 squard m Caic.\m

(iii)  Which measurement contributed the most to the percentage uncertainty of the value for the
Young modulus? Explain your reasoning.

The diamele- an radsbsl wn  oxd do
caledate Ho  cross- sechionak aea. So i
on ce/\,&omg g - e s

' On 3?,(,1/ on CB\J‘ a/w"b "

3]
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(b)  The same wire was used to determine the conductivity of steel. A current of 0.21A was
recorded when the potential difference across the wire was 2.80 V.

Using the data from part (a) show that the conductivity of the steel is about 5 x 10°Sm™.

s- Gk i O-2x 32
W e -
A vV A 2-83% 4-52x<10

= 53x 10 Sw

(2]

(c) Electricity transmission cables are used to transport electrical power over large distances with
minimum energy losses. The cables are strung between points as indicated in Fig. 5.1.
The weight of the suspended cable is about 6 kN.

Not to scale

>

N R Ve
o S > .
)

K12

Fig. 5.1

Show that the tension at the top of a cable where it joins the pylon is about 30 kN.

(,JQ.SM« 1/) S\\ou-ecl bj Cach 6) 6\.—_,\,\ So vevﬁole.
Comeonev& @& tension = LN

e ‘3><|o3r\/
T
%
3x (0
1 i . G
LI S WRTET il
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(d)* Transmission cables are constructed from steel and lower- density aluminium strands as
shown in Fig. 5.2. The radius of the cable is 25 mm.

sheal 2 1"
Al - 6;‘1&\0‘0

= (,3"2 Jc}meé
Steed Gonk Shrekh as

much .
Yield stress = 9.5 x 10’ N m” ; Young Modulus = 6.9 x 10" N m; conductivity =3.5x 10" S m’

aluminium

Here are data about aluminium:

The yield stress of steel is 2.5 x 10 N m?

Use data in the question to explain why two metals are used in cables rather than steel or aluminium
alone. You may use calculations in your answer.

Yield skress Steel. PRNA co.  shusk' 3% Lomes

Al Stvon j@# .

Al \
vl idioth . = 66 o Al 66 Lwmes
3, B i 1 el lits

AS S-\‘uk is S*vovxj&v les> ‘VJ MM *l’o %old weﬂv‘/
Cﬁ cable . As Al has  much \Y\\\j}\?/v camauc};uw3 moch

‘QQS (V) V\,&M .\,0 Slac., Y\,@l&nA cowoL)d'\uJS Mc\/b\nj
ccbo \\‘(,)\,\La\,\ &o/ Samd e&taekc

yield ‘ /Q

Shess W
e I'ec;m
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Section C
Answer all the questions
This question is about a method of determining the speed of sound in air.

A loudspeaker attached to a signal generator produces a note of 440 Hz.

&_’,”budspeaker

1
Ll T ———=——ube
|

Fig. 6.1

A louder note is heard when the length L, of the column of air is about one quarter of the wavelength
(\/4) of the note from the speaker. A standing wave has been set up in the column of air in the tube.

(a) Explain how a standing wave is formed in the air in the tube.
So por fos chen o& Lave j«om lowd S@eamv w ik
Lave L%\ e(J'Cio\ dVOM Locken Sg{r&a_({l., -+vaveliqm) &\JV\
o(r‘?ogd’b dwechon. Constvoctive w&@.dﬂ%t@ ak

awtinodey Lhae wLaven o wa P\Aam/\ P §

J.ﬂ., voC hv V\;“e,v alir 00{9') U’\.@‘& [3]
o twe c:,w AMT@/\Q, N

Laves aniti f\«\a\pb .
(b) The tube is raised higher so that more of it is out of the water. A loud note is heard at length L,

The length L, corresponds to roughly 31/4.
Explain why standing waves are formed for tube lengths of about /4 and 3\/4, but a standing wave is
not formed for a tube of length A/2.

Mu},' "\a.ve, noc{Q, a/\f Suvd aw cw\o(

anbinede b ogen and.  AF A/

3
L /f)\ comn On\3 ‘\WQ, V\OJQ- V\olz av
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(c) The standing waves extend a distance ¢ above the end of the tube. The precise relationships
between the length of the tube and the wavelength, 4, are:

M4 =Ll+c and 3M4 =L12+c
Showthath—L1=§

e g . wl
L\-T L. 2 . C \
: an  x g Al

L.‘).'L| = T ~iE 2 n

(d) The following results were recorded: L;=0.18 m , L, =0.57 m

(i) Calculate the wavelength of the 440 Hz note.

A = 2 (k) = 2x(057-018) -

wavelength = 0’ [1]

(i) Calculate the speed of sound in the air in the tube. Explain your choice of the number of
significant figures in your answer.

det = HTO% 0I5 * %0
speed of sound=../‘5ﬁ.-.-.Q.... ms’

reasoning for choice of number of significant figures:

dw"& U%—A La) 4’0 /Z SS. :8_\3‘

O“gm
O-5)m

4"‘\"0 HZ_ ('L cug) [3]
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() The frequency of the note is changed and the

versus wavelength™ is plotted as shown in Fig. 6.2.
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measurements are repeated. A graph of frgqxfency
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Fig. 6.2

(i) Draw the best fit line through the results.
speed of sound in the air in the tube. Includ
explain how you made this estimate.

by
25

ﬂmd[en\'. <

Use the gradient of the graph to find a value for the

e an estimate of the uncertainty in your value and

144 MS“

qo0  _ ¥%0 _
Lines of Lovsk . 2= =360 L = =330

—
-

range /z IS

Reasoning for the estimate of uncertainty:

© OCR 2015
H157/02
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(i) Explain why using the gradient of a best-fit line may give a more accurate value for the speed of
sound than taking the average of repeated calculations for different frequencies.

The mean valoe vould have ncoded +He
400 Hz measoemert Uhh v an cz/\/\owxo.lgﬁ,
and s Godd have slewed Ho mean.
The lwe of besk  Jd com ijv\o& e 3]
a"’\om%, calgls. 14 Qa£~‘|3 S@Bﬂ?A | amd
dvecges the rest ¢ Hoe doka .

END OF QUESTION PAPER
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