2
Answer all the questions.

SECTION A
Here is a list of units.
kgms™ Js-1 kgm?2s—2 Jm kgms™2
(a) Which unit is equivalent to a watt? P B E/t j—5_‘ ................... [1]
, -
(b) Which unitis equivalentto anewton? F=ma ... K4 M S ....................... [1]

Fig. 2.1 shows four graphs, A, B, C and D.

y y y g

Fig. 2.1

Which graph best fits the situation when the y- and x-axes represent the two quantities given in
each case below?

Each graph may be used once, more than once, or not at all.

(a) y-axis: the period of a wave .
x-axis: its frequency T / :& B
............................ [1]

(b) y-axis: the kinetic energy of a moving object - myl
E& ™%

X-axis: its speed
............ C— [1]
(c) y-axis: the separation of interference fringes on a distant screen after light passes through
two slits
x-axis: the distance between the two slits and the screen a
A\ = 2 ) ) ] R R e, T P [1]
oA % Ay . B3 nARS
(d) y-axis: the distance travelled by an object moving from rest with constant acceleration
Xx-axis: the time taken C
L Be e e PR a e N [1]
S= ia{:
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| The red light has the hijtier frequency. :S z C/ A
2 The red light will diffract though a wider angle when passing through a narrow slit /
= nAL /d

3 The red light travels slower in a vacuum. ¢ s comdbant

4 The interference maxima formed on a distant screen by light passing through two

Here is a list of orders of magnitude.
107 1074 1072 1 102 104

(a) Choose the value closest to the height, in m, of an adult human being. ~ |- 8 m

Which one of the following comparisons between red light of wavelength 650 nm and violet light of
wavelength 400 nm is correct?

Put a tick (v') in the box after the correct statement.

lower

narrow slits will be closer together for red light. y o( fos' e qr 0 =

Turn over
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5 Fig. 5.1 shows a wave at an instant in time with eight positions along the wave labelled A-H.

displacement
y

Ac

distance x

Fig. 5.1

(a) Write down the letters for two positions where the wave has the same phase.

- -~ L Y - B o
- = N ~ - = > ~ g 5 & ~
7 N & AN Y
/ \ /  § 4 AY
’ \ ’ \ / \
1 \ ] \ 1 \ \
1 1 ] ﬁ.—-’ I 1
\ 1 \ ] \ 1
\ 7 \ 7 \ /7
\ 7 \ 7 \ ’
R ~ ” % k o, ” Z N ~ e %
A E G
Fig. 5.2
Sketch phasors for points E and G in the appropriate places in Fig. 5.2. [2]

(c) Three waves, each with the same amplitude and wavelength, can superpose to give a
resultant amplitude of zero.
Complete the phasor diagram below to show this.

(1]

© OCR 2014



6 An aircraft is in level flight through still air.

It has the following components of velocity:
north-south:  50ms~" towards the south
east-west: 35ms! towards the east

(a) Using a suitable scale, draw these components on the grid below.
Hence or otherwise find the speed and direction of flight of the aircraft.

N
W E
S A
\\ W?__-!--
\ = 1‘ 14 :- &
speed = 6\ ............................. ms™!
- g . |4-5°
9 = -l;a,y\ '(&Y O) -3 35 direction = ... e s
/5 East o&. Sect [4]

(b) A wind later acts upon the aircraft, changing the aircraft’s direction so that it travels due south.
Deduce the speed and direction of this wind.

or am othev whew E-W Comro»ne,w"
© OCR 2014 -

1S 38wm|s west.
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Light of wavelength 590 nm is incident on a diffraction grating as shown in Fig. 7.1. Three orders of
diffraction are produced.

7

order 3
order 2
order 1
incident light 18.2°
— order 0

Fig. 7.1

The first-order angle of diffraction is 18.2°.

(a) Show that the separation of lines in this grating is about 2um.

N\ = dsm@

-4 ‘6
w s “ngg . SAAR . 188100

sun 182
r L JAm -
(b) Calculate the longest wavelength of light which will produce three orders of diffraction with
this grating.
Mox 6=90° &£ sm9 = |
-6
|- 89x 10
so DA = & )\:a/f% i 2
=) 1
s LIx10°'m -

©O0CR 2014
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SECTION B

8 One alternative energy project involves extracting energy from tidal flows of water.
The test unit, shown in Fig. 8.1, has three turbines on a triangular frame of side 35m. The unit
is fixed to the sea bed and is completely submerged at all times. The turbines turn to face the

direction of water flow.

area swept
out by
.----_ One turbine turbine
blade
turbine

35m
view from front

turbine
blades

turbine

35m

view from above
Fig. 8.1

(a) (i) The diagrams are drawn to scale.
Use measurements from the diagram to show that the area swept out by all three turbines

is about 500 m?.

On dlﬁ(w U5m = Comm R C{lam@l—@v‘-'— 27) vm

. Actval damekr = Zx 35 = 1432
S wndivg- & PANBEL B G = UxTCx -6 = 482 m

© OCR 2014
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(ii) The speed of the water moving into the turbines is 2.5m g

Show that the mass of water passing through an area of 500m? in one second is about
1x108kg.

density of sea water = 1030kgm—

Vokwe ba 18 & S0t x2:5m = 1250 o
¢
Mass> = J,QV\SJ’UBx \/OluW\@ = |030%< 120 = _liq"‘o Rit

[2]

(b) (i) Use the answer to (a)(ii) to show that the total kinetic energy of the water passing into
the three turbines in one second is about 4 MJ.

Fee ™Y = 129x10°x28%/) = 40307 = 4MT

(1]

(ii) The electrical energy output of the test unit is 1.2MJ per second under the conditions
above.

Suggest and explain two reasons for the difference between this value and the answer to

(b)(i)-

/ In your answer, distinguish clearly between the two reasons you suggest and link
each reason to its explanation.

e Not ol Ex w extuacted dvom He vater as

* il has to (Hop auw) s. V et be
2o 2 AVL 2-8wms™

* The SQV\Q/C«*CN‘ c‘av\'k tae (00% e&]h},‘énl: - va?ngs
bid be  losv as heak dwe fo  electvical
resistame  wa He CO\JS o(}, I)I\L i

[4]

[Total: 9]
©OCR 2014 Turn over
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9 This question is about the quantum behaviour of photons and electrons.

(a) An X-ray photon has an energy of 3.0x10715J.

(i) Calculate the wavelength of these X-rays. Express your answer in pm.

c=3.0x108ms™
h=6.6x10"34Js

~3% S
- hc N % e 8-6x|10° x20x10
B Oy <~ sE- et

20 ’do—lS'

"

R

£ 10w
66 x 107 " = 66 h

wave!ength B o0 neasms SR R 6é ........... pm [2]

(i) An X-ray generator of input power 12kW transfers 0.50 % of the input energy into photons
of energy 3.0x10715J.

Calculate the number of photons emitted each second.

Ttk ﬂ\ol'm eneyy fax/ Seco;\ct To—li-x | > |0'3 = 607

1]

00

NO 0,& Pho ows = 60/3»‘40-“{ -

16
number per second = 2"10 ................... s~1[2]

(i) Suggest why the X-ray generator in (ii) has to be fitted with a powerful cooling device.

\\/.t'“\ 12 kW Od~ Qn@vﬂ«ﬁ 301)«\5 un  end Ov\tﬂ
cow o(} PMovxs com'w3 o | FOoﬂ
ove ek  and Wb%b wmelk + 4 v not
cooled .

1

© OCR 2014
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(b) The wavelength associated with electrons of mass m and speed v is
h

mv’
() The electrons used in an electron diffraction experiment each have a kinetic energy of
7.0x10717J.
Show that the electron speed vis about 1x10”ms™".
m=9.1x10"3"kg

EK = MVQ/Z - - V= \V 2EVM

R . ~ JE
- pd . X
¥ V 9-1x1073% -.\=,2$ 10 iV\S

[2]

(ii) Show that these electrons show wave behaviour corresponding to a wavelength of about

60pm.
h=6.6x10"%4Js
=% (
6-6x 0 =
mv 9-I1x107 %< |24x 10

= 585 pm

(1]

(iii) Explain what would happen to this wavelength if the kinetic energy of the electrons was
reduced by a factor of 4.

Tk Ex w edoad b3 4% Han v ull be
red @4 ‘03 Qx an V = V2EK/,
TtV o haled then X is doobld e A

[2]
[Total: 10]

©OCR 2014 Turn over



12

10 A flautist (Fig. 10.1) produces notes on the flute by blowing near one end. This produces stationary
waves in the flute. In this question, the flautist uses her fingers to close the holes so that the flute

is treated as a tube open at both ends.

Fig. 10.1

(a) Any standing wave produced in the flute has a displacement antinode at each end.
(i) Calculate the lowest (fundamental) frequency that can be produced.
speed of sound in air = 340ms™! \
length of flute = 66cm ><

L= A

-3 m

A=2L = 2x0-66
4= Y\ = Y

By blowing differently, a note of three times the fundamental frequency can be produced.

On the sectional diagram of a flute in Fig. 10.2, indicate the positions of displacement
nodes and antinodes for this higher note. Mark each node N and each antinode A.

51 I T L2 I O A

(i)

not to scale

Fig. 10.2
[3]

©OCR 2014
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(b) During a long concert, the flute and the air inside it become warmer, making the speed of
sound higher. To compensate for this, the flautist must adjust the length of the flute.

() Explain whether the flute needs to be made shorter or longer to keep it in tune.
I& SP@Q& % 5001/\0\ 1S higher  +Hhan -HQ
j%wc«i\ dw & quen \gu\j W b be V\\ﬁw
as f&‘: . il SQJ' He (X;u\,uey\c% bacR
‘H\QM ‘H;L \6V\3‘H" mMmost b?_ ~W\c;pecLseA \9«:& ‘HJL
Sawme_ P\/O?O/‘hé\/\ an C Mcwa y

[2]

(i) The speed of sound v in air depends on the air temperature according to the relationship

v=kT

where kis a constant and Tis the absolute temperature of the air in kelvin, obtained from

Tin kelvin = temperature in °C + 273. N 4IK
FUR ELINRETN

In a concert, the air temperature inside the flute can rise from 10°C to 25°C.

Calculate the percentage change in the frequency of the note that this temperature rise
would produce if the player did not adjust the length of the flute.

{QW\QJE’/VCJ\'Q&I WCIA §2) bj a&aab/ o* 32—?;%

oyl WMeRG s by a Ao o ?Lf\_fé_ =
v tewass by e dact of | Sec = 1026
Lhich 15 an mcwase of 2-6| W The

%mq’p@'«\a«\ wM VIG5 \9:& 31 YT e G—)
as :\-—f V//\

change in frequency = ........... 2 \é ..................... % [3]

[Total: 10]

©OCR 2014 Turn over
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11 This question is about a person diving into a swimming pool from a springboard.
Fig. 11.1 shows the sequence of events.

diver's
highest
diver point e
stationary

springboard

Fig. 11.1

In this simplified model, the diver is shown as a point and the horizontal outwards component of
the diver’s velocity is ignored, so only vertical motion is shown.

The diver jumps vertically at the end of the springboard and then lands on it, bending it downwards
to the position shown in A. This is the time t = 0. The board then accelerates the diver upwards as
it springs back, launching the diver upwards (time B). On leaving the board, the diver is in free-fall,
rising to his highest point (time C), until he hits the water (time D). He then decelerates to a stop
(time E).

©O0CR2014
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Fig. 11.2 shows the velocity-time graph for the diver’s vertical motion with the times A to E shown.

6
. 4
velocity .
/ms™1 5 \‘
5 I
0 = _l —!
0.0110.2770.41H0.6 88 1H1.0111.2 1.4 1H1.6 T 1 et.:ég 0
_2 ‘;\ / H n = O‘O‘—S
-4
S f
-6
-8 1
b = t o
A B Cc D E
N=0-%ms!
Fig. 11.2

(a) Explain how the graph of Fig. 11.2 shows that the force exerted on the diver by the springboard
between times A and B is greatest at the start.

FO( a. amot a = Av/At = Svd\éﬂt

The \oymd\-enk: 'S SLUJR’/YL at He stat ({':O S)

[2]

(b) Explain how the graph shows that:
(i) The diver leaves the board at time B,
At B Hhe uPqud:S velocuy 8%‘)5 lv\cwf»)inj so the boad
" ne \ov\jev ‘)u>kunH.a dwvev UF (]

(ii) The diver is at his highest point at time C.

At € the G‘WW'S VelOi\)nj v O»\aM\(j;M\')XVOM +ve
- ‘\V\S\-Mx’o.y\egu)b aA' BQJVO.

o Ve and s

Tl dwer  wosk \oe ak Q)eak h@&“" :

(1]

Turn over
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(c) (i) State whatthe area between the graph and the time axis between B and C represents.

The distame bebvesn He s‘sv'w&\ooowk and
-H\e, Hﬂw q)o:w\lf UZACLQCR :
1]

(ii) Use data from Fig. 11.2 to calculate the distance fallen by the diver between C and D.

Show your working clearly.
At = |-6¥-070 = 094 ¢
Av = q*Q. MS"
S Reen = x 048x 97 = A

distance = ............. q“g .................... m [2]

(d) Use information from Fig. 11.2 to describe how the resultant force upon the diver changes
between D and E.

Suggest why the force changes in this way.

/ﬂ\e_ ‘-Xovco, w ud)uawlo awxo\ slramLS ()\.«"L\ a-

la/v% VV\G.SV{JUO(.L,Loh;cL\ decieasen v IolLS ak
(.waq\/ and Hon less 68 o v aﬂ,wac)nw 0,

The dov v due o &vow\ Ho ua*ev
whbh Wll Cb}oemct ov\c‘t;ﬁd\'v&fs velocd-\A\

[2]
[Total: 9]

Question 12 begins on page 18

©OCR 2014
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SECTIONC

The questions in this section are based on the material in the insert.

12 This question is about the article Oscilloscopes.

scales:
- -

/ \ / \ ; \ vertical: 2V /div.

horizontal: 2 ms/div.

69

W\Mb?

S

Fig. 12.1

(a) (i) Use data from Fig. 12.1 to calculate a value for the amplitude of the signal.

2%/ A
e % ,[_ \ x Fos
(1 2 dw 7

amplitude = 4' : + V1]

(ii) Use data from Fig. 12.1 to calculate the frequency of the signal shown.

E . ] s
j - /T ) A"‘Q.KIOJ:' -
frequency = ............... ‘ 25 ..................... Hz [2]

(b) A CRO has time-base settings ranging from 20 ns/div to 5s/div. It is possible to take a reading
from the screen of this CRO to the nearest 0.1 division.

State the best possible time-resolution of this CRO.

N0 %0 x O-|

-q
resolution = 2"[0 ................ s [1]

or 2 ns

©OCR 2014
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(c) Describe and explain one advantage and one disadvantage of a CRO as a method of
displaying changing voltages.

. e romnge oé vol\-aga scales

. COm dol(ou m‘mal&ﬁ C\\aﬂ\jbtf\j *

. Lave dovm‘ d‘qu‘ag allous Rasy
\R.G.d\vxs

. (f:(,fwu\l izﬁﬁ o f-fvf\iis

A to w,e oltg we-dvas 4o dU‘)!a?h

[2]
(d) Over the past 20 years, CROs have been largely replaced by digital storage oscilloscopes.

A dlvcw\‘{‘amaz, =

-

Describe and explain developments that were necessary for this change to happen.
and. fosk
CL\CUEPAC“‘V“)U'}'W W\Z»v\ovnﬁ - |a,v9g cunaov\l’s od o'wl'a.
heeds +o be Sterwed svew very shevt time intfenals .

’”\e_ VOH'O.?L Sem Sev™ QA/\A Q—IQU‘VOV\;L c,'(vc,oit's

need 4o  have mf-\o{ LQS(OV\SL tmn 4o hez.f)
'hacb» Lokl vc\f;db cl,\amﬁw-(j \rbH-o.SeS

[4]
| [Total: 10]

©OCR 2014 Turn over
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13 This question is about the article Powering electric cars.

(a) Table 1 in the article (reproduced below) compares three different types of battery.

satery | axenergy | Pecelage ooy | Bty o

discharging capacity

lead-acid 35 85 £65

NiMH 80 80 £320

lithium-ion 200 90 £500
Table 1

(i) Modern electric vehicles have batteries of 24 kWh capacity.

Show that a lead-acid battery of this capacity has a mass of over half a tonne
(1 tonne = 1000kg).

24000 Lh
3 G © oDome

[2]
(ii) Explain why this would be a disadvantage for a car, but an advantage for a forklift truck.

In your answer, you should describe in detail the physics of the disadvantage and
advantage.

Incmgw\\cx He mass o(} a <o Ll edoce
s accelevation amd ncwase He oMo 4
heedsd do  climb hills.

A do«h |L}L com be made moe Steble

A higl s battz Yoo lover
bv& "S“"f’) o " MaSS T &

—

"L}S CJZV\‘\'& C&- mMass .

©OCR 2014
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(iii) NiMH batteries have the lowest efficiency in charging and discharging.

Use data from Table 1 to calculate the energy dissipated per second in the battery when
it delivers an output power of 50kW.

8070 %\.C\.QV\& QO’L losk

ok x 0-2 = 10,000Ts

energy dissipated in one second = l0,0QO .......... J[2]

(iv) Explain why this energy dissipation is a significant disadvantage for NiMH batteries.

The range o(} Ho vehide vl be edocd
as Ul uquui&, Mol d-;ecvucwlr ole\wtf)f-iﬁ
Tle batt ey could  also Sujfe~ dvow\
ovev\\naﬁvxﬁ Chich wowy  dammage * .

[2]

Turn over
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(b) Table 2 in the article has performance data for different electric cars. The performance data
for the Peugeot lon car are reproduced below.

Time/s Batte
Mass | Maximum | Charging PN e capacli’tyy
/kg power/kW time/h from 0-27m s~ /kWh
1170 49

¥ 15.4 16

(i) Show that the mean resultant force on the Peugeot lon while accelerating from
0-27ms™ is about 2kN.

F;Ma{ = MAV = “70’(?:7 - 5O N

AE 5.4 -.22050N
[2]

(ii) Calculate the mean power required to accelerate this car from 0-27ms™".
Make your method clear.
L mAV* Lxlo x 1"
L AE . m . 1 : ) 4
=" . 2 TR = 2777%10

iy o

¢
mean power = ........ Q..'7 x lO

................................ W 2]

(iii) Peugeot state the range of the lon is 120km at a cruising speed of 80km/h for a battery
charged to 16 kWh.

Show that these data imply an output power much less than the 49kW given in the table

{: = S/V - | ‘Q‘Ok"/go th-l - |5\’\

P= B/

|6 kWh _ 2
Nis, = 107 «W .
[Total: 15]

© OCR 2014
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14 This question is about the article Simple pendulum experiment.

(a) A student obtains the following data for a pendulum of length 30cm.

Time for 10 oscillations/s
10.9 10.9 11.0 11.0 10.9 11.0 11.0 11:1 10.9 11.0

(i) The student uses a stopwatch which records time to the nearest 0.01s.
She decides to quote the data to one decimal place.

Give a reason for this choice.

The S*Ochv"o\m rdus on  homan \fea,th'ion time
| whih s vaviehle wead s +he hm'd-n;\ﬂ ﬁo.d'w hewe .

[1]

! (i) State why measuring the time for 10 oscillations instead of one improves the quality of
the results.

The abselute uvnc,evaaLAl-j n Hhe same bob
je)(s divided 53 I0 so +Heo ﬁ)ezvce/w"agz,

vace»‘l‘ajmh IS d\\uaéo{ 53 {2
[1]

(iii) For the data above, the student correctly writes:

mean time for 10 oscillations = 11.0 + O.1s.

Explain why the uncertainty in the period Tis + 0.01s.

10 dwided by 10 when
| e )

| cc.lculc.«fm\'s Ho tme
(}o‘/ l osi\lla*\bns

. 5.5 O‘IS +O-0 ‘ 3 /ﬂ,\e’ once»{'a;#\tt) ‘Lg

(1]

© OCR 2014 Turn over
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(iv) Show that a period T=1.10 + 0.01s leads to a value of

T2 11" = LIS
= [-lo-000l = |-09s

Tais

/
‘ mex

- [-21-1-188
+ 1232~ 120

- (o +o-ot = lls

O<022
0-602137

N

)i

T2=1.21+0.02s2

- g 12 o~
‘r\u.t(

% evvev .

Tl = lodt = 188 s

e <232 s*

&, o000 ke l;;\.mca.

(2]

(b) A second student times 10 oscillations for the range of lengths given in the table. He does not
repeat the timing at each length.

L/m Time for 10 oscillations/s T/s T2/s2
0.10 6.0 0©-60 0-%6
0.15 7.9 o9 O- 62
0.20 9.2 0.92 0.85
0.25 10.0 1.00 1.00
0.30 11.2 1.12 1.25
0.35 117 117 1.37
0.40 125 1.25 1.56

(i) Complete the first two rows of the table, and use those data to complete the graph
opposite.

(ii) Explain why the gradient of this graph should be

given that

© OCR 2014

4x?

g

T=2Jt\/——i:
9

- T o 8L

3

b TredE L
hy |
1 r T
5 = n X =
Q} S‘va‘a F lu;\e, 0,} jvc\dfew‘f

[2]

Equation 2]




1.6

1.5

T2/s?

1.4

1.3

1.2

1.1

1.0

0.9

0.8

| 0.7

l 06

| 05

0.4

0.3

0.2

0.1

0.0
00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50
L/m

(iii) Use the graph to determine a value for g. Show your working clearly.

gk ¢ Gan Teond o AT
|
y 1%
eyl 3'—‘- i - ’“:L & 9] f)VoL. Mol
4-0 orrafmd‘, sl |

7 i . q‘g-? ............ ms [3]

Question 14 continues on page 26
Turn over
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(c) A third student suggests that the experiment could be improved by using pendulums of
lengths between 2m and 3m.

Discuss the advantages and disadvantages of this suggestion.

p\ \onﬁev G)ev\d.olam bbu Lw.ve, <P \ona@v fe««u.od

So ‘HA/ (710 Ov\wd'a.‘m*’j - " T wlu \bQ, Si;"\a.u@\rm

Ho GbSO\u\'C UV\ce»"aL«L) N w Ho same.

A 2m ov Dm \OV\S ‘)%cl»low\ ol Leq/.)rLQ,
a. voom L a \\Cﬁ\/s ceuu/\ﬁ and wik be

Mo dA—k@fA'e& ‘)3 dro.«ﬂl’\"S (.tws‘.w\cj 'Jf -!'o

Move. ™Mol YW G: C(Vc‘{,\
[3]

[Total: 15]

END OF QUESTION PAPER
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