2
Answer all the questions.

SECTION A

Here is a list of electrical S| units.

A C S V' w Q

Choose from the list the correct Sl unit for each of the following combinations of physical quantities.

.......... W P<FA

energy
time
=
current S C| o / \4
vollage =~ e
charge ﬁ = GZ/ o
ime b 3]
Here is a list of mechanical properties and possible descriptions of them.
Draw a straight line from each property to the correct description.
property description
large stress causes little strain
brittle
cracks propagate easily
soft 1
has a low Young modulus
stiff
easy to scratch or indent
(2]
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Fig. 3.1 shows the frequency spectrum of four radio signals labelled A, B, C and D.

1.0
0.8 A B C D
0.6
amplitude/pV
0.4
0.2
0
90.0 90.5 91.0 91.5 92.0
frequency/MHz 1 =01 MHo
Fig. 3.1
(a) State which signal has: -S )\
i o
the smallest wavelength ... D ............ h‘f}"%.c :"
the smallest bandwidth. ... D ............
[2]
(b) Estimate the bandwidth in Hz of signal B.
0+ x |0°
bandwidth = ......3... 2. .................................... Hz [1]

or Qxlog
ql-1- 894 = O-2 MHo
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4 The world’s smallest conducting ‘wire’ has been made by depositing a single layer of phosphorus
atoms on an insulating silicon surface. The conductor is 4 atoms wide and 20 atoms long as

shown in Fig. 4.1.

4 x 20 layer of phosphorus atoms

silicon surface

Fig. 4.1
(a) Calculate the width of the conductor in metres. nemo = |O_q
diameter of phosphorus atom = 0.38nm
I "q -
x0-3x10 ° = ;
Width = oo sSERID . ... m [1]

(b) Assume that the conductor is a rectangular block.
Show that the conductance of this length of conductor is about 25 pS.
conductivity of phosphorus on this scale = 3.3 x 105Sm™".
s - — .
_IA 23x10°x 115216 % 03810
o FIL « 425 -
i 10 x 0:38x10

-6
= 25:.\ < ‘O S or Q.S*l /\AS

[2]
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5 (a) The focal length fof a converging lens can be estimated simply by measuring the distance v
from the lens to the image that it forms of a distant window.

Use the lens equation
1/ f=1/v-1/u
to explain why the approximation f= v is appropriate in this case.

Ij" ok)ec" ohsl'cu\c&; S VQN:X \owga Heon ‘/(&4‘6 @,

‘-‘l/fz‘/\/ Gnd. \]va

(b) A digital camera is used to take a picture of an object 15m away.
The image is formed on its CCD 3.5mm from the lens.

(1]

(i) Estimate the power of the lens.

l -3
p:‘{}z‘{ 4 /@-5><|O
\ power = lgé ........................... D [1]

(ii) The CCD of the camera is 2.0mm wide as shown in Fig. 5.1.

lens CCD
V‘ggjtgcct’f l 2.0mm (W¢
Wo §
15m : 3.5mm not to scale
W "V
Fig. 5.1

The image just fills the width of the CCD. Calculate the width of the object.

Make your method clear. ) :
R w " (5 ~ o}i\golrwol“\ e, TERE
3 Similar {:ncmjles m S T S e

OR

N\a;cxhuiica*(éh: -Y(Z = \I\/;

\'Jo W = sssassusan g57 .................... m [2]
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6 Three temperature sensors A, B and C are plunged together into a hot water bath at time t =
Fig. 6.1 shows their responses over the first 15 seconds.

0.

1.6 A

1.2

output
p.d./V

0.8 =

0.4 temperature

0'00 5 10 15
time t/s

Fig. 6.1
(a) Sensor A has a longer response time than B or C.

Suggest one physical reason why.

Greater heat Ca.PaLJnj
Lowew Hhavmal cawal,,ckiuﬂj
Emallev Sovdaw awea (]

(b) State which sensor has the largest sensitivity.  .......... A ............... [1]

(c) The water bath is 70°C above room temperature.

Calculate the average sensitivity of sensor B in this temperature range.

= O~4‘/‘7o

T VSR, | SR — V°C-'[2]
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A film soundtrack contains some random electrical noise. The soundtrack is to be s.an'.npled and
digitised. The total variation of the analogue signal is 1000 times larger than the variation of the

noise alone.

vtotal
V.= 1000

noise

(a) Calculate the largest number of bits it is worth using per sample.

lo(jl ey = SR

NUMDBEr Of DItS = ...vvvereece e T e [2]

(b) Explain why it is pointless to use more than this number of bits to digitise each sample.

With b Y10 thee ae mor than 000 lods
So ‘H(), Sl;g‘b t‘d» each [Quel A\/ v lLess Than

+(Q naisa, Some a} He bl)rs o‘vJJ <toe no;sb [2]

ov/\d no UV\&WMC:)HOV\
A resistor of resistance R has a potential difference V across it.
The power dissipated in the resistor is P.

Here is a list of multiplying factors: P e I-Z ﬁ e ‘V ” Vl/(l
4 2 1 Y2 Ya
Choose the factor that best completes each of the two statements given below.
(a) When resistance R is kept constant, and the p.d. V is doubled,
the power P will be multiplied by 4‘ ....... : . 11
(b) When p.d. Vis kept constant, and the resistance R is halved,

the power P will be multiplied by —......... 2 ...... . ]
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SECTION B

Fig. 9.1 shows the stress versus strain graphs for glass and for epoxy resin up to their breaking
points.

110 T

1001

90

80

70

60 .
stress/MPa breaking

ints
50 P

40

30

20 a epoxy

AN
NN

I111

10

0

0 0.005 0.010 0.015 0.020 0.025
strain

Fig. 9.1
(a) Describe the features of the graph that indicate:
(i) epoxy resin is a plastic material
Loge wmewase wn stvamn ot 22 MPa as
+the wmatevial welds [1]

(ii) glass is an elastic material and is stiffer than epoxy resin.

quL\ 5 Srl—s«u%\& lie Mﬁ\« Ho on:)m So  shuss
w G)Vo()cvhonci do Shomun. The 3vad\ewb ok
“H\(L V) 1'\ jr\ev f)‘kb 'H\aw\ e‘)om.) ves\n.[z]
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(b) Use data from Fig. 9.1 to calculate by what factor glass is stronger than epoxy resin.

,Bw_a)ﬂlml shess S\US | OO MPa

: 2 o /"\ P -
G&th\-\j Sisefé QPK:S 21 o 4_‘ 5 S "

(c) (i) Calculate the Young modulus for the epoxy resin within its elastic region.

l4x(0°
pa s C ATNRL

stvoun 0-0058

2-g < IOq ta

"

Young modulus of epoxy resin = ....... Q‘XK\O ........................ Pa [2]

(ii) The molecules of epoxy resin are long chain molecules, with cross-links between the
chains, as illustrated in Fig. 9.2.

Fig.9.2

Suggest how material consisting of long chain molecules can show plastic behaviour
and how cross-linking between the chains can restrict this behaviour.

/ Your answer should be well structured and use appropriate technical terms.

Lontx chawm wmolecoles cam  oncolk £ extend

oke, to bend Va‘|’ca4'\on Cvesd ll-nk} bond. +he
chams *l"o‘cBe:“\ev q)mwwc‘ Hemn d—VOM dol\ts
;V\CO:L;V\\B So l\l"'\.\,“’l\‘/\lﬂ \’\ow d—w ‘Hf} Can
QX“’QV\A,

3]
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(d) One type of GRP (glass reinforced plastic) composite contains epoxy resin which sticks
strongly to a mat of randomly-oriented glass fibres embedded in it.
A canoe can be made from this GRP composite.

(M

(i)

(iif)

© OCR 2016

Name a material property and a problem that might arise from that material property, for
a canoe made:

1 only of glass
Q‘a.55 ]S net oo \3 — 1S bn‘ﬁ'(}, $6
Leold shatter & - 1«1' a vock .

2 only of epoxy resin.

Efox‘:x IR (}lex‘ub‘.ﬂi So uou‘d \76‘/\0( 400

Mo M
[2]
Composite materials combine useful properties of their component materials.

Explain how embedding the glass fibres in epoxy resin combines useful properties of the
two materials.

The shdt ﬁ‘“’” dibves stop He " s (}lexvm\cj
and Ho %oj\« z@wy 340@5 +he f_\lags &vom
cvocRing . s ovks  becasse H‘”} ae  bondad
Fogettor. -

Explain the advantage of having the glass fibres randomly oriented in the composite
material.

/ﬂmz, COM‘)OSlJfQ. hao )r\j\n S—}\e/v\rg“’\« aMoL
S‘}t&w@% wall OQ\vec:hovxj

(1]



1
10 (a) Fig. 10.1 shows how the total number of people in the world with internet access has

increased.

3000

2500
921S0 an
2000 n
number of people a
.worIdW|de with 1500 :
internet access ]
6 ]
9 1000 ]
500 5

131
L]

=
1999 2001 2003 2005 2007 2009 2011 2013
year 201,

04
1995 1997

Fig. 10.1
(i) The world population was about 7 x 10° in 2012.
Estimate the percentage of this population that could access the internet in 2012.

Make your method clear. Fyorv\ %mf\n Nombev ().l*“q sMJ(GWQL’

|

access = 2A50x 106

¢
R ™ (50
e /c 415 2'0 xloo = 3\
/< lo percentage = % [2]

......................................................

(ii) The average power used by a typical tablet computer is about 5W.
Assume that 1% of people with access to the internet were online at any one time in
2012 using typical tablet computers.

Estimate the combined power consumption of all these computers.

l
el

x Q1s0x10° x §

power = ....... 1075>‘|O ............... W [2]

©OCR 2016 Turn over
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(b) In a computer, energy is required to perform a computation. Fig. 10.2 shows r}ow the average
number of computations per joule of energy has improved with computer design.
10° =
g
g
,’\’v ‘ ‘3 . lo 107 -

ahow (1-6 =20 <10%) 6
computations 10 ==

per J v
10°

104

108

102
1980 1990 2000 2010 2020
year

Fig. 10.2

(i) Describe how the number of computations per joule has varied from 1980 onwards.

T4 incwass b:s a d»a.c!'cv o 0 tn Qqugi Live,
ontewvels = Q.xdamen-HcL 3vo\,.rl'\m .

(1]

(i) Use data from Fig. 10.2 to calculate the number of computations per second for a typical
tablet computer in 2014. Assume its power consumption is 5W.

Sw= 5T/s % Sx|-3xI0® =

3
number of computations per second = .......... CIX‘O ............................. [3]

8x|ox—> |x 107 allowsed
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(c) The internet depends on connections via many giant data centres (‘server farms’) run by

internet service providers. In 2012 there were more than 1000 such centres worldwide. Some
statistics for one such data centre are shown in Fig. 10.3.

total power consumed (including 30% for cooling) 180MW

average cost of electrical energy 12 pence kWh™!

cost to build and maintain per year £75000000

average number of users with access to the centre 2 x 108
Fig.10.3

It has been stated that: “Access to the vast resources of the internet is essentially free.”

Perform calculations or estimates based on the data in Fig. 10.3 and use other facts you may
know to argue for or against the statement. You should estimate any costs on a yearly basis.

/ In your answer you should present and organise your ideas and calculations clearly and

coherently. : ¢
’ | kWh = 1000x3600 = 3-6x|0° T
1 year is 8800 hours

Cost dor one doda centie o 1:chur = Bold + Enetjy
Bold = £7-5x 107
Enev:')j: \?OXl06x3300x3600 = 5‘~7)<\O'S J

= 5901004 (a0t = |5g<10" KWh

oy [-58x 0% x 0-12. :£!-Cix|og

Cos

e 7 . 4
Ll o v = 2:5x10 ¢ 14210

Q< |06

\

(4]

1

So ar ;3 no" QSSQV\E\&UIJ d\,e,Q_,
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11 Fig. 11.1 shows a resistor R of resistance 4.7 Q connected in series with a battery having internal
resistance r of 0.90Q. The current drawn from the battery is 0.55A and the p.d. across the 4.7Q

resistor is 2.6 V.

2N
V4
...].085n
Ee r : R CV 26V
. Josoo! a7
Fig. 11.1

(a) Show that the emf ¢ of the battery is about 3V.
Assume the meters are ideal.
Make your method clear.

V= B=Lr b £ = Vele
¢ = 2.6+(0-55<09) =
e = 3‘ ............................. V2]

(b) The current drawn from the battery is now increased by adding an identical 4.7 Q resistor R in

parallel with the original resistor R. See Fig. 11.2. e
Rexe = 4/2
L . .
7 ok
pzbortey r l
— T TS 4 ——

" ! l
e[l [ @ Ber ¥
Joswooi Tere Tara | @ .06 N

(zmm, =104
= %)s 4L

Fig. 11.2

(i) Show that the current I now drawn from the battery is about 1 A.

¢ y
=% 4 s = 05 A

\TotAL

\

[3]
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(ii) Calculate the p.d. V across the resistors.

e =T

"

3-1 -(0ds~0q) =

or V= IR = O9S5x235 =

. i N -

(ili) Show that the power dissipated in the two resistors of Fig. 11.2 is about 1.5 times the
power dissipated in the single resistor of Fig. 11.1.

"

In siv\ﬁla vesiskor P = TV 0-55 x 2-6

-4 W

"

IV\ docble P: IV = 0-99x 2.9 = 2\ W

END OF QUESTION PAPER

[2]

OR ux P= ‘_l:l@ = \/L/@
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