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la/ Voltage gain just below +1, input impedance very high, output impedance very low. The
current gain depends on the transistor’s hg.. Used where a stage with high impedance input
stage and low impedance output are required, but voltage amplification not needed.

For example, to drive a low impedance load like a loudspeaker.

b/ Since hgg is finite, base current flows. Hence we can’t treat the 22k — 33K resistors as a
simple voltage divider and we should use the Thevenin equiv circuit for the bias chain.
Careful application of KCL (nodal voltage analysis) should give the same result.
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Rt =22k//33k = 13.2kQ
Vr=33/(33422) x 20 =12V

Applying Kirchhoff voltage law to the Thevenin circuit,

I, = ll%RT +(+h)R,)

. hg=100

132 Ig, + 0.7 + 101 Ig; = 12
Iy = 11.3/114.2 = 0.099 mA
Ve = 101 (0.099) x 1 =9.99 V
2. hgs=500

132 Igy + 0.7 + 501 Igp = 12

Ig; = 11.3/514.2 = 0.022 mA
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Vg2 =501 (0.022) x 1 =11.02V

¢/ Small signal equivalent circuit,
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Note that output is taken from the emitter, and the collector is grounded for the SS analysis.
(Common errors were to overlook the ground connection for the collector in the SSEC for this
configuration, and to show v, taken from the collector — should be the emitter — or to ignore
the effect of 1/h,e)

ip = (vi — vo)/hie

Sum currents at E;
Vo

. Vo
(1 + hge)ip — ———

=0
R, 1/h,
Eliminate iy,
Yo 1
Vi &_'_hoehie
1+
I+h,
Insert numbers; gain = —————1——— 0.993
R VI R
1+
151

For Ry, we connect input to earth, hence v; = 0. (A common error was to assume that R,
was just 1/h,. in parallel with R3)

Apply test voltage vy, test current iy flows. We want vy/ix.

ip = — vy/hie
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Sum currents at E: (1 +hg )ip+ix— = —-——2—=0
( fe) b RE I/hoe
Vi _ 1
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(Common errors were to use an NPN device rather than a PNP device, or to connect the PNP
with emitter to —20 V, or some other non-follower configuration)

Vo can now swing +20 V, not just 0 to 20V (£10). Power is proportional to V.,

All transistor current now passes through load rather than through a resistor. In the class A
circuit the device conducts all the time whether or not a signal is applied. In Class B
conduction only occurs when the input signal rises above/falls below 0, so better efficiency.

However, crossover distortion will result, which can be alleviated by careful adjustment of the
base bias for each device and by negative feedback.
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2
a/ IABl= 1, Z(AB)=0
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v =Ris eqn (0)
(R + 1/joC )i; - Riz = vo (1)
(2R + 1/j@C )iy — Ri; ~ Ris = 0 )
(2R + 1/joC )is - Riz = 0 3)
From 3, i, = (2R + 1/j@C)is/R @)
o
From 1 and 4, i, = Yo T GRH1/JOC)i, ()
R+1/ joC

Substitute for i; and i in (2)

vo + (2R +1/ jaC)i, ) - Ris

(2R + 1/joC)(2R + 1/joC).i3/R - R(

multiply thru by R and (R+1/j&C)

(2R + 1/joC)(2R + 1/joC)R + 1/jaC)is — R* vo— R* (2R + 1/joC)iz — R* (R +1/joC)iz =0

multiply out and cancel terms

R, 5R 6R> 1

=R?-

R+1/ joC

Iy w*C? )

version 2

+ —
joC je’C?

=0



3
Hence vi=13R = R > v,  which is the form required.
5 SR 6R 1

— + —
@’'C*  joC jo'C?

(Other methods of analysis possible, but tend to lead to more variables & messier equations).

Oscillation occurs when this is real (in phase), or 6R” =+3
o,C @, C
ie. W’ = ——1— , hence: fo= 1
6R>C? * 2aRC6
Also at this freq, i R = 1 = 1
vo R3 _ SR __5__ 29

w’C?  1/6

This result is obtained by substituting from above for @,. The circuit has attenuation of 29
and phase shift of 180°. Hence a gain of just over —29 is needed for oscillation.

If R = 10kQ and f = 130 Hz, =130 hence C =50 nF

1
27 '10*\6C
An inverting op-amp circuit has lowish input resistance which will load the phase shift
network, reduce its output, and prevent oscillation. The best way to achieve an amplifier with
high input resistance is to use non-inverting form, hence 2 stages will be needed. The second
provides the necessary inversion. Other schemes are possible.

s e
- e Ko
£ A S e T *i‘j
{ 3 %
—— iw\\\ :N "'\.M\
! >—Twm =
7 L © /
HIR, |
H

Let R, = 5R; so gain = 6 With op-amps of ideal (infinite) gain, the input resistance of this
stage will be infinite. In practice it will be many MQ.

Let R4 ~ (29/6)R3 ~ 5R3, so second stage gain is about 5.

R4 may include a suitably chosen thermistor to regulate the gain and prevent clipping.

Choose R values in low k€2 to avoid conflict with moderate R;, of op amps.
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3a/ An AC generator has 3 phase windings, each located in space 120° electrical degrees
apart.

The flux axis of phase A is 0°, B is 120° and C is 240°. When each phase is excited in turn,
the field distribution rotates. A balanced 3 phase supply in effect causes each phase to be
excited in turn, hence producing a rotating magnetic field.

b/ The 3 different phasor diagrams are shown below.

» £,
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¢/ 60% rated MVA = 0.6 x 500 =300MVA,
power factor = 0.6 leading

S=3Vyuln
300.10° = 3x 22.10° Iy /3 Ln = 7873A

cos® = 0.6, so sing= 0.8

7Y T 'ff B )
J ey e K T 0 TRT3
/ >
\ g2k <12 Tk

V,=22.10° N3 =12.7kV

Tine = Ipn = 7873A

IX=04x7873=3149 V

E” = (12700 — 3149 cos @ )* + (3149 sin @)* = (12700 - 3149 x 0.6)* + (3149 x 0.8)*
E =10.35 kV phase

sin(8) = IXcosp / E = 3149 x 0.6/10350 =0.182 so &=10.5°

d/

Poew = 1.2 P =300.10°x 0.6 x 1.2 =216 MW

E = const
Pnew — 1 2 — Sln 5new
P, sind,,,

S0, Sindpew = 1.2x0.182  new 8= 12.6°
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X1 cosd =10.35sin12.6 = 2.26 kV
XIsin 8=12.7 - 10.35¢c0s12.6 =2.599 kV

tan @ = 2.599/2.26 = 1.15, Q=P tanp =248 MVA
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4/
a/ o;=®/p p=number of pole pairs. ® = supply freq.

b/ Stationary induction motor has same form as a 3 phase transformer.
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When rotor rotates at speed o, define slip as s = (@s — @)/

Rotor ‘sees’ field which induces an emf and currents at frequency s®
Hence E,; ->sE,;, X’;->sX’,,

sEr = (sX’2 + R’

s0 E» = (X2 + R’2/s)I’,

so we modify the equivalent circuit by altering R’, to R’,/s. We also miss out Ry and X,

K\ X Fa

f

Y l

[

c/
Pin = 31* (R + R’,/s)

version 2 9



P, = 3% (R; +R’))
Pout = Pin — Piogs = 3F2(R’2/s = R*))

= Ve
T (R +R, /) (X, +X",)*

3v?
(R+R,/s)’+(X,+X,)’

1
Pou = R |2 (— h 1) QED
N

d/ By max power transfer theorem, max power occurs when
R’z(l—l )=R; + R +jX1+X)I=Z
s

Ry(1-s)/s=Z

R’; = s(Z+R’))

s=R/(R’; +Z) QED
e/

R1=5Q,R2=3.5Q, X1 =4Q,X2=8Q
Z=(5+35+(4+8*)"=147Q

s =3.5/(3.5 + 14.7) = 0.192

speed = 1500 (1-s) = 1500 (1 -0.192) = 1212 rpm

2 6
b 3.415 B 1) = OO 13 kW
5+ 33 2 110r 0192 683.5
0.192
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5/a/
1.Makes better utilisation of generator, €g Smax = 3 VmaxImax for 3 phase,
but = 2VI for 1-phase

2.Generators are more efficient

3.Higher number of phases requires more volts, for diminishing returns.

b/
\ —Vg T
AY ‘ ’ /// ;"/
\\ K P e !;f,

Vime = V1 = Vo = [V}l = 2V;¢0s30 = V3.V, in magnitude.

1 T

1
Lie=hhi - L= \/311 in magnitude

¢/ deltaload 40 +j30
star load 15 + j20
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delta
Ioh = 415/(40+j30) = 8.3A

P=3I'R = 8267 W

Q =3I’X = 6700 VAR
cos ¢ = 0.8 lagging
star load

Vpn = 4153 =239.6 V
Iph = Vpn /(15+j20) = 9.58 A

P=3PR=4130 W

Q =3PX = 5507 VAR

Cos ¢ = 0.6 lagging

Ptotal = P1 + P2 = 12397 W
Qtotal = Q1 + Q2 = 11707 VAR
Stotal = 17051 VAR

Cos ¢ =P/S = 0.727 lag

d/  S=vV3VI L =237A

power loss in lines = 3I7 R =3 (23.7)’R = 675 W
If PF is corrected to unity, S =P = 12397 W

I =12397/(3.415) = 17.25A

P3.17.25204=35TW
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6/ a/
The current flows along the inner conductor and back down the outer conductor.

. . . I
The magnetic field is the same as that due to a long wire, and at aradiusris H = —2—
TTr

The flux linked is

ol

b
In(—
2 (a)

1
v = poH.dr = f,uo —2—7Z—Tdr =

Thus the inductance per unit length is y/I or
Moo b

L= In(=)
2 a

b/

( 1
Z= L_ 50 ohms, v = —===2.10% m/s.
C JLC

Hence C = 1/(Zv) = 1/(50.2.10% ) = 10""° farads/m
L=7Z/v=50/2108=2.5x10" H/m

Uo = 4m.107 H/m

So In(b/a) = L2m/po = 2.5x107 2m/4w.107 = 2.5/2 = 1.25
b/a = 3.49

c/
source Zs = 10 ohms, line Zy = 50 ohms, load Z, = 100 ohms

Z, 50
Z,+Z, 10+50

s

power transmission coef = 0.833 = 0.694

voltage transmission coef into the line = =0.833

2 2
power reflection coef at load end, R1 = 22-20 = 100-50 =0.111
Z2+Z70 100+50

2 2
power reflection coef2 at source end, R2 = Z5-20 = 10— SOJ =0.445
Zs+7Z0 10+ 50
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So, Initial value inside line = 0.694
After R1 V =0.077

After R2 V =0.0343

After R3 V =0.00381

After R4 V =0.00169

R5 V =0.0001915

Hence only after 5 reflections is power below 0.1%.

/al
Y

Radial electric field around a point charge £ =————
4re €, v

Electric flux density

Q

D=¢g¢e E=
' 4y

2

Integral of D across a spherical surface at radius r is given by

4D.ds =[4nr dr=Q

amr?

Thus the surface integral of D equals the charge enclosed, which is a statement of Gauss’ Law
in integral form.

b/ the wave must be transverse, with E normal to direction of propagation.

So Ey = Eg exp(j (wt - B.x)) is correct.

c/
oD OE,
The Maxwell eqn for free space is ot - ox

JE,/ox = -j Eg exp(j (ot - B.x)) =dD/ot

So integrating,

D, = (-jB/jw) Eo exp( j (ot - B.x)) = -(Eo/c) exp(j (ot - B.x))
And

H, = -(Eo/clo ) exp(j (ot - B.x))
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c= 1/\/(11080), so this gives H, = -E¢/Z exp( j (wt - B.x)) where Z = \/(uo/eo)

The power flux is given by the Poynting vector
P=E"H, so P, =Ey*/Zin x direction

d/

4KW is radiated over an area of 4nr” at a distance r. It is intercepted over an area of 0.1 m”.
So,

10® = 4000 x 0.1/47r*

r=4000x 0.1 /47.10° = 10"/ = 1.8.10° m.

180km is about right.
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