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Answer all the questions.

SECTION A
Here is a list of electrical units.
| As Cs™ Jet JC AV
Choose the correct unit from this list for
(a) electric charge AS @=It
(b) potential difference -IC—-' V= E/ Q :
- G:=T/v

(c) conductance. I o ). SO

Fig. 2.1 shows three wavefronts of the light from a very distant object incident on a lens.

i | > A= [Smm

not to scale

Fig. 2.1

(a) State how the diagram shows that the object is very distant from the lens.

covvatow o uwedm'-’\‘h}“ Qo (Zo o O)

(3]

(1]

(b) On Fig. 2.1 one wavefront of the light between the lens, and F, the principal focus of the lens,

has been drawn.

Add three more wavefronts to the diagram between the lens and F.
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Fig. 3.1 shows part of the stress against strain graph for mild steel.
400
300
stress/MPa RRE=ay
200 u
Vi
100
0
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strain/%
Fig. 3.1
(a) Write down the stress when the strain is 0.1%.
stress = ......... (2‘ Q’S ......................... _I\_/I_Pa 1
(b) Calculate the Young modulus for mild steel.
Make your method clear.
i 6
thesy .. 008105 I
i s TUSE
Stvoun O- l/ 100
]
Young modulus = ......... 2',2.5’(\0 ................. Pa [2]
Turn over
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4  Fig. 4.1 shows the frequency spectrum of a sound.
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Fig. 4.1
The sound consists of a lowest frequency f, with higher harmonics at nf, wheren=2, 3,4 or 5.
(a) Use these data to estimate the lowest frequency f, as precisely as you can.
Loy v \

Show how your method improves precision and quote your final answer to a sensible number
of significant figures.

Use n=5 ank bo wdoe % Unc&}a'wb ™ ,\t
b, =0 Ao A, - ke /.

lowest frequency f, = 77 .............................. Hz [2]

(b) Describe the spectrum of the sound when the sound is quieter.

Poaks aw o4 Jouev @_ck.(m(;\;¥ucit) bot
o ok same juzcv)emcim

[2]

—
—

¥ PO\ n‘f
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5 Fig.5.1 shows an analogue voltage signal varying in time.

It is sampled every 1.0ms for conversion into a digital signal.

analogue voltage signal  nearest digital value chosen

700 \ // 111
600 4( \ / 110
500 Z agital | 101

: / samples
400 / 100
p.d./mV binary codes
300 / 011
200 010
100 001
0 ' 000
p 1 _2- 8 4 5 6.7 8 9 10
time/ms
Fig. 5.1

(a) Use information from Fig. 5.1 to calculate the number of bits per second used for the binary

coding. T Sam e ke x  bks pe Sample
‘/lx g * %

"

"
n

number of bits per SeCONd = ....cueeuere T T T T

(b) Fig.5.1 shows that the digital samples can differ from the original analogue signal.

State and explain how this error can be reduced.
Use mowe bks PW S@MP‘Q ‘l'o Tu&
Mole \@d els / alevincoen

: b
alonchivo = 2 ; 2]

Z G'O.W\R
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6 Three resistors are connected as shown in Fig. 6.1.

Ao—
2000
Q":Q‘f(zl ‘ —l/+‘/:«-?--
= 200 + 50 100Q 100Q ke R Ry oo
- 2S00 4 ~ . 5041

B O-

Fig. 6.1

(a) Here are four possible values for the total resistance between points A and B.

300Q 350Q 400Q

Puta around the correct answer. 11
(b) A 12V battery of negligible internal resistance is connected between A and B.

Calculate the current drawn from the battery.

1= Y- " s

current = .....cceeee. O‘Oq-g ................. A [2]
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7  Fig. 7.1 shows part of an ultrasound image of a 20 week old foetus.

Fig. 7.1

Here are some data for the ultrasound pulses in soft tissue used to create this image.

wavelength of ultrasound 3x10%*m
speed of ultrasound 1500ms™!
pulse duration 0.8ps

(a) Calculate the frequency of the ultrasound used.

V=4 1500/3x10™"
. v ¢
e j = //\ # frequency = SK‘O .................. Hz [2]

(b) Calculate the number of oscillations in a pulse.

Make your method clear.

= /3 ® /5108 = 216" s

. -6 y
O-% <10 S/leOjs

number of oscillations per pulse = .......ccecvuiiineens q‘ ............................. [2]
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SECTION B

A laptop computer is connected to the internet by sending and receiving radio signals through a
wireless hub.

The following specifications are given for the hub.

power rating 8w mains voltage 230V
bit rate 300 Mbits™ carrier wave frequency | 5GHz
wave speed ¢ | 3x 10ms™ maximum range of hub | 60m

(a) Calculate the current drawn by the hub from the mains supply.

3 AW =
P=TVv - ]::P/V = 2307
current = ...oouee O '035 ...................... A [2]
(b) Calculate the wavelength of the radio carrier waves used to communicate between the hub
and laptop. g

C S
)\ - /j» = S" |Oq
wavelength = O‘Oé ....................... m [2]

(c) (i) A2Gbyte file is downloaded from the internet through the hub.

Calculate the minimum time to complete the download.

K x . |Oq/goo)< |06
(1] [ - 53 .............................. s [2]

(i) Suggest and explain a reason why the time could be significantly longer than the value
you have calculated.

Thae coold be ]A*evquemaz, /Y&O“O noise. SO

He hob ovses o lower bk voke
[2]
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(d) Explain why the laptop will fail to communicate reliably with the hub beyond a certain distance.
You should consider ideas about signal strength and noise.

/ Organise your explanation clearly and coherently using ideas about signal strength and noise.

You may wish to use labelled diagrams to illustrate your answer.

As +he distane waeasn He Sﬁna{ Sthength

LM :}ﬁU. Eve./dmau3 +he sbnc& 1o noise

catio LM be come 4oo small . The recewer

Gl nok be cble fo pik ook Fhe  Signeds Informehor
3vom the backjvevﬂd hoise «

[31
[Total: 11]
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9 This question is about the materials from which cutting tools such as drill bits are made.

(a) (i) Metals have a polycrystalline structure.
Explain the term polycrystalline as applied to the structure of a metal.
You may wish to use labelled diagrams in your answer.
ManA small Cv‘x))shvk q)w,n e -|'o\cyz,4%ev
Lt o d«/}\aw/L Tovientakions =

[2]

(i) Drill bits can be made from steel alloy. Fig. 9.1 shows the microstructures of pure iron
metal and a steel alloy.

pure iron steel alloy

00000000 00000000
00000000 00000000 .
0000 000 0000909 ..,
0000 000 000 i
0000000 0000000
0000000 0000000

iron atom

Fig. 9.1

Steel alloy containing carbon is less ductile than pure iron.

State the meaning of the term ductile and describe how Fig. 9.1 can be used to help
explain why steel is less ductile than iron.

O{Uc{.\\(_ = C on bQ CYN&\_W\ *UV\{'O a \,:)\VQ,
Tn won +he dislocctions ae (}L.z,cz, +o

ohoms Yo \S\.\() Uff)ulﬁmj wn  doctile Lok avisue.
Tin S{’M He cavbom 6'040m$ G)In the

Mmove —“\vouc)l\ 5J(\/uc*uuz CLblOt)uV\LS X(GMQ/) o&

d\\S\OQCJ* WS q> \ a@ P;e_u @\,;-l ‘;’\LS s| (P H

amd Se rQO(uCIszs duc4-\|i+7 %
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(b) (i) Diamond is much harder than steel. This gives a diamond-coated steel drill bit an
advantage over a steel one.

1 State what is meant by hardness.

AA.JM\'CU”' ‘l'o Scvetoh oR dew" oR Leav

i

2 Explain the advantage.

[ asts \ohﬁ(’w

[2]

(ii) The atoms in steel have metallic bonding and in diamond the atoms have covalent
bonding.

Describe these types of bonding. Use your description to explain the difference in
hardness between steel and diamond.

You may wish to use labelled diagrams in your answer.

/ Use appropriate technical terms in your answer.

In Mcz*oﬂ{c bd"\dﬂmﬂ @ laﬂt(b QJ. me}w(
1R held -"o\rse}ku bj o sea o}

Mocc«/ll Sedh Qleo&-vov\S 5
c.A'NC,

2’@ HOECEE R
g@(.{@_—:? Nown d\ved‘lov\aL bend s allo
kil shp Uhih edoan havdness

Tn  diamod He cavbon akoms ae held by

J.{VCC"'\bV\GL \)Ov\ds (Ql\mo{ Pafyg %} @le&}vov‘S)
[4]

\ \ \ 'D;qed(onak bo~ds [Total: 11]
| ' ‘ ?L‘Zvevd’s S‘tp SW\'V\S
‘ b t— & hovd watevial
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10 This question is about the touch-sensitive screen of a mobile phone such as the one shown below.

= ’\'a
@ B s flexible plastic coating
2 / top conductive film

< rm P
= :Es:pazﬂrémsu'aﬁng spacer dots

bottom resistive film

3 @ \\boﬁom glass layer
not to scale

display

O

Fig. 10.1
The screen consists of several layers as shown in Fig. 10.1. A finger pressed on the screen at
point P causes two separate conducting films (the top conductive film and the bottom resistive
film) to touch and make an electrical contact.

(a) (i) State whythe plastic coating and the top conductive film need to be flexible.

Lau)ews nead to ba.d So ““\'Zj can Yooch

[1]
=
(i) State why the spacer dots between the conducting films are made from an insulator.
Vo ?wej\,ﬂ' electvical. centac t
(1]
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(b) The two conducting films are made from a semiconducting material.

(i) State what you understand by the term semiconducto_r.
mobile

Matevial ol a /}Qu/td\cw?e camiens™
l"haﬁ COV\dL)C‘il"lUC}VX l)Q}uw\ M’Z/('G/( ¥ B 'nju{[‘){'[‘?‘if

(ii) The top conductive film has a much higher conductivity than the lower resistive film.

oR

State and explain how the conductivity of a semiconducting material can be varied in the
manufacturing process.

Tn b beck B‘ﬁ (Lotdr(dvuﬁ iM(wvilfj elem ewk

QX‘{‘Q S\h Vv >
s:d?on l)l‘H'\ Mol v ieuw ofl'&/ e\ec-h/ov\s

P4 56 [2]

(iii) Here are some data for the lower resistive film.

length L 60mm

cross-sectional area A 2.5x 10%m?

resistivity p 0.17Qm

Calculate the resistance of this length of film.

=3
pl O-17 < 60x (0
- L~ M
Q‘ A B 2-5x< lo~©

resistance = ............. + 'lxlo ................ Q [2]
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(c) Fig. 10.2a shows the circuit connections to measure the x-position on the touch-sensitive
screen. Fig. 10.2b shows the equivalent potential divider circuit using conventional circuit

symbols. Point P represents the point of contact between the films.

x-position
sensor

Vout x-position
top conductive film
4 T = e T bottom resistive film
|
|
1.2V
Fig. 10.2a

Lo

Rieft al) | Rright
|

Fig. 10.2b

~ net wh

(i) Explain how the voltage output vV, across the sensor varies with the x-position of the
contact point P on the screen.

Swmw R,J‘ x

R 1eft
\/ouT = \'?-V Kl&y*’ Kvnjw

(2]
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(ii) The length of the resistive film is 60 mm and the p.d. across it is 1.2V.

1 Show that the sensitivity of the touch-screen film is 20mVmm™1,

A V A% e
S@V\SJ‘MJ‘«X - %_ = z—g:; = 0O-02Vwmn :
. - QOM\/MM—|

2 The voltage resolution of the x-position sensor is 5.0mV.

Calculate the position resolution of this system.

S MV/ i g -
Ag:, > A\//SGV\SJ'\JU’VS » 20 mNmm =
position resolution = ................ O‘O‘S ________

(iii) Calculate the number of bits needed to code for the x-position voltage.

Make your method clear.

Numbev of levels = GOM%QSM,\: 240

\OOYL F5 o

END OF QUESTION PAPER
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