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Answer all the questions.

SECTION A

Here is a list of electrical units.

As AV AV JC!

From the list select the unit that could be used to measure:

power L\.\/ ............ p ¥ l\/

VA

CRATGE T N B | e /3\3 ............ = It
- | S
conductance A\/ ............. Q=
[3]
The refractive index of a transparent material is 1.7.
Calculate the speed of light in this material.
Give your final answer to an appropriate number of significant figures. = )
speed of light in vacuum = 3.0 x 108ms™
. $ B
v : 3x\u/, - |- 2€><10 ms
N - C\.,C 5 me‘,: !7
speed of light in material = ................ l‘ ’( .................. ms~' [2]
Fig. 3.1 shows a potential divider circuit.
O
40 Q
*
45V
e — "~
I 240 Q)
Fig. 3.1
Calculate the potential difference (p.d.) across the 40 €2 resistance.
Keur 4-0 o
Voot = = S \f5 2 ol S
s R 230
Tol
il = o O‘GC‘" ..................... V [2]
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Fig. 4.1 shows how the frequency of one chirrup of bird song varies with time.

L,
frequency
/kHz 4

0 1 time/s

Fig. 4.1

(a) Describe two aspects of the frequency variation of the chirrup shown in Fig. 4.1.

1 mQ(Lfv\ \}UZCWQN\CV\ i~ g K H2

NS —

[ asts 2 ©-Ss
etc
[1]

(b) Estimate the total number of oscillations represented by the frequency variation in Fig. 4.1.

Make your method clear.

number of oscillations = \ S O O [2]
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5 Fig. 5.1 compares the frequency range of human speech with that of orchestral music.
loudness 100
/dB :
30 music
ot speech
40
20 |
!
0 |
10 29 3o 100 X 3 +5¢ 1k Ok 20k
frequency/Hz
Fig. 5.1

(a) State how you recognise that the frequency scale is logarithmic.

E(v.ack S*-z()) Oow

QCVJC‘JL ’V‘ﬂu”%ﬂ@ S
o  Cown 5*’&‘w‘f i’(f\,c “" GW)

(b) State the frequency fof the loudest sound in orchestral music.

"HQ

(or W\

(c) Calculate the bandwidth for human speech.

[\/o* on Nw S@Qc bo"f QOLS'j

| O x (0

>

L —

\OO

bandwidth =

j Scode \_Q,Qtwmzdf

R sl “:’C}

[1]
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6 A long-sighted person has a near point at 1.25m from the eye. This is the smallest object dist
from their eye for comfortable vision.

ance

(a) Calculate the curvature of waves arriving at the eye from a distance of 1.25m.

C = _..L = \_‘___ o il O*%OD
¥ YT

GV O = e e e els teele ale s alea oo D [1]

(b) A person with a near point at 1.25m needs spectacles to read a book at a distance of 0.25m
from their eye.

Calculate the power of the spectacle lens needed for this.

Make your method clear.

i}

- - 4D

Exda  cowdhue o e Jrom 4 o —0-%
= - O-3~ ("‘\‘) SH ?3'1 D

power of lens = ?)2 ................... D [2]

Cuv\/wAquL dvvm O L S M\
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7 Fig. 7.1 shows how the voltage of a lithium-ion rechargeable b
discharges into a constant load of 5.0 €2.

attery varies with time as it

Graphs for temperatures of 50°C and —20°C are given.

3:5
3.0
voltage/V e °C

Q\")g ‘V/ r:i‘:"’ %M'\M 2 0

(~5V (jo/ ) M 1.5 2
1.0
&Z@wn = Q?S*‘S&— leZ 0.5
0

10 0 1 20 30485 6 A3 N9 Y
| time/hours
=905V
Fig. 7.1

(a) State two effects of changing temperature on the voltage variation.

AL e loues dempavckoe Vs always lovev;

> At "H\L loLer “'QW\P V da,uS \Lo OV  Soonov,

2]

(b) 1 Use data from Fig. 7.1 to estimate the average current delivered by the battery when
operating at 50°C. The load is constant at 5.0 Q.

AE 50°C mean ViRTGURERIE T -V/ghs 1O/c -

048 to 056 alhowed

2 Estimate the charge delivered by the battery in one complete discharge wh .
at 50 °C. Make your method clear. 9 en operating

QR=LTt 2 dies [ONe0< L0 =

Q.
charge delivered = ... . l‘g K‘O ............. C [2]
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Fig. 8.1 shows the graph of current against p.d. for a 6.0V tungsten filament lamp.
00 T
I EESEEESEESESSEEEEEEEEE |
250 HHHHHHA R
current/mA EESENEENSEEEEEEE-aEEE
200 - A
EENEENE NN AN '_
:}: : ; | : |=]=] i |
10 B A e
A |
100 H-EAHHHHH A
dRREEREs H
50 l | = |
=S IOI"‘A\ l| E | 1 |
O l
= O-0IA 0F 108 2 0SS OME4I0BR506.0
p.d./V o e Ml 159 AV
Fig. 8.1
(a) State how data from the graph indicates that the filament is not obeying Ohm’s law.
Not a ,SJr\/cuﬁMf line
[1]
(b) (i) Complete the table of Fig. 8.2 which shows data for the smallest and largest p.d. readings
displayed in the graph. Q - V/
=/ €= 1V
p.d./V current/mA resistance/Q power/W
0.11 35 3[4~ 0.0039
6.00 25 B o
+
222l Fg.e2 3]
(i) State and explain why the filament in the lamp is not obeying Ohm’s law.
You do not need to discuss the metal microstructure.
R St 4 | |
S| S+ 3 INCIRA N L)t"’\'\ ‘\'QM(")Q\/CA'ULQ,
ov Cov\do\)(/l'l\)\k‘j OlQCLQC»SU) L ‘e
©0CR 2015 [2]
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(ili) The filament is made of tungsten wire of cross-sectional area 3.2 x 10~ 19m=.

resistivity of tungsten at 20°C. Pog=5.6 x108Qm

e —

Calculate the length of wire needed to make the filament.

State any assumption made.

el o L

)}

)i

RA 4 x 3-2<10°
P §-6x 0%

(J.k Cwll\//.}’)'mA ‘k""(‘
UZW\CILV\S ~ 'loc(/

(iv) The tungsten of the filament heats to about 3000°C when working at 6.0V.

Estimate the value of 3000
Foo

Assume that changes in filament dimensions during warming are not significant.

Make your reasoning clear. R K /" So - ﬁscw : V\ 3000
| plo {\) 10

W T
A 7
(¢) Explain in terms of microstructure why metals are good conductors of electricitygﬁggest why
the resistivity of tungsten might alter with temperature.

/ Make your explanation clear and use technical terms spelled correctly in your answer.

O Mekels have high charge camior densiby
olue to o‘e\ocd\.izd Q(edvovxs whg(r\ ij
Q\/\MSQ, :

@ Medal lons vibvoke moie  oa T@m‘o N CRASY)
wt\‘bL\ Sccﬂ'@v e(Qck/onS SO res\‘s{daj H@w
diou». L

i Turn over
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Fig. 9.1 shows the stress against strain graphs for four metal alloys A, B, C and D to their breaking
points.

1.5 — e
o o o S D R [ A8 | ] B { EEE
5 [EEIE s EIEIEEEE
stress/GPa | | HE | { 13 2 0 [ ] e O “ ‘;,'_
1.0 +— A, | ———J,f | e L
|| ' i I T
= 1 i | BlEE[HE
1 | e | e | | | = e
0.5 ' . T| - -1 - ’ i | =1 |
C =
ol | | 7 |
TTT1 P2 N
0 [ 10 ||
0 0.01 0.02 0.03 0.04 0.05 0.06
strain
B = Q002

Fig. 9.1

(a) State which metal alloy

() has the lowest Young modulus

....... St v aun -
(i) has the highest tensile strength ... A ......... Hichesl bwkh»c) 3’ms>
== \ .
(ili) has the greatest plastic region ... g ........ (LW‘)"’} SQL"Q*"")
[3]
(b) (i) Calculate the Young modulus for alloy C. _’ 4
|-S < |0

SHesS 1 bl R TR : 10
~ = Vv ”;C{( V\(’ - - p |
E Svaian 3 ; 5 O~037 4“ OSX(U

Young modulus = ........

(3~Q-q~( ....................
(i) A cable made of alloy C of length 420m is stretched until its strain is 0.0075.

Calculate the extension of this cable.

Stvounm = o = - SNG s St \&“5““

l2ngth B Ol . 490 - (S

extension = ............... g ./2..




/ Use technical terms spelled correctly in your answer

(i) the cables for a lift: alloy A .....

T+ s Stvo nc)z Sk (Ms \\\Z)lw(\/ tensile stvew TLL\)

})Q SV c&kcjx;wcx Cl/‘i'O A § ‘T.M\V\ (_;'{(S iOQCX/%kév\ S

\.’/V\ PleU(/ Q)V&QV\'L\V\LB S‘(P :

[3]

IJr L\m O ‘@Vaﬁ G)(thu(; O{f)"o‘/\ :;/v\cl(LCJ('\hﬂ

U‘f 1S -{-OUCSL\ 2 ’ ’]/\\Q larvae aira owndlea
Hee ¢ vcuf\/:- }—C‘OUZJ)QWPS He ey e,vgsj +He
moker ol > Sovbs . It cam do [3]
‘H\;S b@c-,gwgz, O\l;lOQO/(:lbhg con wnoul
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10 Fig. 10.1 shows an image made with atoms using a scanning tunnelling microscope. The image is
less than 100 atoms wide.

'%CO X /7>OC/ q)(Xe\S
Image removed due to third party copyright restrictions
ECL(;L\ (,"A’OW\ = (2 M M C»li&W\e}/eV
Fig. 10.1

(@) The greyscale of the image has 16 alternative intensity levels.

(i) Show that 4 bits are needed for 16 levels.

TERY L 6

Vi

[1]
(if) Calculate the maximum number of bytes needed to store the image of Fig. 10.1.
500 %. VOO <

' % = 75 0606 b»\"&)

(ifi) The image from Fig. 10.1 is one frame from the movie, “A boy with his atom”. The movie
lasts for 90's at a rate of 5 images per second.

Calculate the maximum number of bytes needed to store the movie.

15 000 > qigRERs 2U.7)S x j0° ")L tes

¥

maximum number = 3$Mlau3{'€3 ..... bytes [1]



1
A
C
PN
)
O
X
©
(1

magnification = ...........--. 7Q$Kl0 ............. [1]

(c) Use Fig. 10.1 to estimate the resolution of the image. Make your method clear.
/f ? Assome ohom 15 2x2 'oixeh
, /A "
% o i V‘QSO\_A'\CV\ 2. ) )OO /Z =

Rl L%
(eSOl O =R I‘ZK'U ....... m pixel~" [2]



(d) A scanning tunnelling microscope (STM) positions a sharp tip at a .height h a.bO\,/e a flat
surface as shown in Fig. 10.2a. When a p.d. is applied, there is a tiny ‘tunnelling currer\t
between the tip and the surface. The current varies rapidly with changes in h, as shown In
Fig. 10.2b, so that small changes in h can be measured.

tunnelling
current

flat surface
Fig. 10.2a
=20 o [ e [ e r ' ‘l
tunnelling 20 ‘; I , l
current |
/oA 400 | EEEE
l
300 B : —
260 |
. )
200 11 lilete il -+ r1
| L - 5
100 0 o ﬁlk
0
0 Q2L DA QA Q.6 0.8
O~ h/nm
Elt= 0-07 nm
Fig. 10.2b

(i) The sensitivity of the STM is defined as the gradient of the graph. Calculate the sensitivity
at height h of 0.25nm which is about one atomic diameter.

aedank = 300/ g

SENSHIVIYI= ..ov........ é O ................... PA nm~ [2]

© OCR 2015 ————
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() Fig. 10.3 shows three atoms, of diameter 0.25nm, on a surface. The tip of the STM is
scanned across the surface at a constant height h of 0.40nm above the surface.

O-40-0-25
= C"\S‘r\v“\

tip S I =

—  » direction of scan

@ @@ atoms on surface

500 E i

tunnelling : :

current | '

400 | I

/ PA | |
260 509 | N7\

200 ; E

i ,/E

O | |

distance along surface

Fig. 10.3

On the axes shown on Fig. 10.3, use the data from 10.2b to draw the graph of tunnelling
current against distance along the surface. The graph has been started for you. [2]

(iii) Suggest how the graph you have drawn in Fig. 10.3 shows how the image in Fig. 10.1
was produced.

"rl'\e, Q)i\(ek VOJ.UQ vlL\o@vxolS oW\ H\SL Cuwew\'

[1]



