Engineering Tripos Part 1A 2002
Paper 3, Electrical and Information Engineering

Section A - Numerical Answers

1. (b) Ro=2304Q; X,=758Q;R,=16Q; X,=89Q
(¢) (i) OroraL =530 VAR ; C=29.3F
2. (b) (i) Voe=25V
(if1) Vineas =22.2 V
(iv) Rin > 24.9 kQ

(c) 11.2 % error

RiR;

3. (¢) (1) Zin= RR,

Rsrd
RstratgmRsra

(1) Zow =

Vout m

(111) - =
Vin gm + |Retra
Rsl'd

) [eg] Ri=Ry;=2MQ; Rs=1978 Q

. R,
4, (¢) gamn=
( ) g R1+jWL
(d) L=159mH

(e) A=1.99;B=-1.47 [or equivalent]
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Engineering IA 2002

Paper 3, Electrical and Information Engineering

Numerical answers

5) (c) 26 FA,
(d) (i) The program will add three numbers. The result is 2A,
(d)(ii) 32.5 us.

6) (b) NAND gate
(€)(iv)F=B+CD+CD,I=CD+BD

7) (b) OR gate

8)(c)Ja=BM,Ky=B+M,Jg=AP,Ky=A+M+P
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Part 1A Electrical and Information Engineering Examination - Section C
June 2002

Numerical answers

9. a) C=2%5
X
by F=lp2dC
2 dx

c) 0.22mN (no edge or fringing effects)
d) 334kV

10

b) 1.33 Tesla

c) 3.54 A

d) 140 N

11

c) ——\/——%HO—{L In(-l—)—] --- assuming n is large
r b-a \a



Part 1A Electrical and Information Engineering Examination - Section C
June 2002
Exam crib
9. a)

Gauss’s Law:

[ﬁ D.dS =Q --- The total electric flux emerging from any surface is equal to the
N

charge enclosed by that surface. Colloquially electric flux lines begin and end on
charges.

From Gauss’s law we get (assuming that there are no fringing fields and

consequently that the electric field lines pass perpendicularly between the plates and
that D can therefore be treated as a scalar quanitity)

D* A= where A is the area of the plates

But
D=¢,6E >p=-1

Asg,e,
V= [Edx

qx . .
= Where x is the separation of the plates
Ag,g,
Since ¢ =CV 9C=—4§—9—g—’—
X

b) NB: the following analysis assumes constant charge q

from work
1
—F5)C ‘—‘—’quV
Hence in the limit:
1 dv
F=——g—
2 q dx
Also: quc -> iz:—izﬁ
dx C* dx

And therefore F = 1y.dC
2 dx



Part 1A Electrical and Information Engineering Examination - Section C
June 2002

¢) Using the expression for capacitance derived in part a) we obtain:

dC _ Age,
dx x2
=>» Force = (%*100*0.1*5*8.854*10™%)

10°®
0.22mN

i

As stated above there are no edge or fringing effects
d) Starting from Young’s Modulus

E = Stress / Strain = Force/Area / (1/200)

We get
_E4
200
We also know that :
F= ‘yz p? fl-i-‘f-f-
> 72 =25 2= (100¥10°%0.995¥10°%2/200¥1000%8.854*10™2) 12

 200¢,¢,

=334 kV --- This figure is actually rather high and in practice would probably not be
achieved due to breakdown of the dielectric

Note:

This question is a fairly straightforward application of Gauss’s law which was very
well answered by most students despite the inclusion of Young’s modulus in the final
part ! Some students chose to derive the expression for force by assuming constant
voltage rather than constant charge.



Part 1A Electrical and Information Engineering Examination - Section C
June 2002

10

a) [“ﬂ Hdl= I(l + Q)gi_.g : For the purposes of first year work we ignore the term in Q

(Maxwell’s displacement current) and then the interpretation of Ampere’s law is that
if you draw any closed loop and integrate H around that loop the answer you arrive at
will equal the total current (current density J * area ) passing through that loop. It is
especially useful in tasks such as tranformer design where the right hand side is
usually the total current expressed in terms of ampere turns i.e. the current through the
coil times the number of loops in the coil.

b) For the magnetic circuit we can write down the following, since there is initially no
current in the coil.

H d +H _.d =0

iron""iron magnet“ magnet "~
We treat the iron as a linear material and so can say:

Biron = o Hr Hiron

In addition we can apply conservation of flux and observing that the cross-sectional
area is constant around the circuit we end up with:

Biron = Bmagnet

Substituting in:

_B_magget diron + Hmagnetdmagnet =0
Ho Hr

Hence

dma =
Bmagnet = “.Hmagnetauoﬂr (___c_i__g”__‘J

iron

=—47*107 *1000*3&11

7 0 magnet

=-10.18*10° H

magnet

From the graph for Columax in the Data Book we obtain

Brmagnet = 1.33 Tesla

©



Part 1A Electrical and Information Engineering Examination - Section C
June 2002

c¢) For this part we add in the effect of an electric current in the coil so Ampere’s
law reduces to:

H d _+H d

iron"iron magnet™” magnet ~

nl

In this case B in the iron and the magnet is zero as the question states. We are treating
Iron as a linear material so H in the iron is also zero so the above reduces to:

H d =nl

magnet % magnet
From the graph H for columax when B is equal to nought is -5.9 x 10* A/m
Hence

1=59x%10°x30x 10” /500

[=354A

d) The force developed at the jaws of the clamp is given by:

B4 133%100%10°
24, 2%47107
=70N

F

However the load is applied at the midpoint of the hinge and the clamps jaws so the
force developed is actually twice this

Force =140 N
NOTES: This question was generally answered well although part d calculating the
force developed was often missed out. This could be because the students assumed it

was harder than it actually was. A common mistake with part ¢ was to use the value
for H in the magnet which was calculated in part b.

20



Part 1A Electrical and Information Engineering Examination - Section C

June 2002
11
a) Biot-Savart Law (in scalar notation)
Idlsin@ . .
dH = Ryp— The Biot-Savart law enables you to calculate the magnetic field at any
r

point by giving the contribution of each current element 1dl. Integrating the
expression over all current elements gives the total field at a particular point in space.
In the equation r refers to the distance between the element and the selected point and
theta is the angle between the current element and the line joining it to the selected

point.
In free space we can rewrite the expression using B instead of H

_ M ldlsin@

2

dB
Ay

Note the expression is given in scalar notation as this is sufficient for first year work
but B and for that matter H are both vectors and it is worth noting that the direction of
B (or H) is perpendicular to the plane containing the current element dl and the
selected point.

b)

2 pel rsind o
B— L/247z-r2 7 dl and y'“l,x—VSln@,r _(x _|_y )



Part 1A Electrical and Information Engineering Examination - Section C

June 2002
L/2 U, Ix M LI
')B:_[ T W= ERENE
L2 4x(x”+y°) 2rx(4x” +L7)

b) B at the centre of a square coil with a single loop is therefore given by:

o 2L
wx(4x* + I*)"?

Where x is the ‘radius’ of the coil, and, importantly, the side length of the coil is 2x
So the total B is given by

_ Z 2u,L I
7xy (4, + L))"

——> B = Z\/—ﬂo

Where
4)
(-1 r2 2/ 2 2

n

and L, =2x,

Assume n is large and then integrate with respect to N we get:

We get

2,1 1 N2u0 n ln(_q}

of dN =
T ;“a+N l(b——a) 7 b-a \a

n

Notes:

This question was attempted by very few students very few of whom managed to
solve it. It is more a test of maths than engineering as the Biot-Savart law is quoted in
the data book.

270
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