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MID-TERM EXAMINATION

Do all work in this examination packet. There are four questions. Each counts 25 points. Good luck!

1A. (10 points) The circuit to the left of nodes A
and B has a Thevenin impedance Z, for

which Rm}ﬂ and Xh#-ﬂ' The resistor

R; is required to have a value that will maxi-

mize the power that will be delivered to it.

a.) Derive a formula for the required value of

+
Vin(jo)

Zth=Rth+ jXth

Ry

R; as a function of the R and X}, components of the Thevenin impedance Z,;,

b.)Let Ry, = 12Q and X;;, = 5Q, and use your derived formula to find this optimum value of &;.

1B. (5 points) Find the Thevenin equivalent circuit

for this circuit:

IC. (5 points) The op amp in this circuit is ideal.
Find the steady-state expression for v,(t).
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1D. (5 points) When an eight-terminal resistive network N is subjected to various external connections, the results
are as indicated in the figure below. Determine the current /.
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2. (25 points) Write state equations for this circuit.
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3. (25 points) The load impedance Z; for this circuit is adjusted until maximum average power is delivered 10 Z;.
a) Find the maximum average power delivered to Z;.
b) What percentage of the total power developed in the circuit is delivered to Z;?

50 -j10Q 100
i &

250/¢V (ms)() z  wZpe |z

GO -

'F\"‘Slf /Ql"‘/b ﬁﬂ_-l- -&’L—k “T h-tlnwins Q?v\-"vn—il-.;f' E--"f‘(hl.}
Q—.—r e eoceak -L-L-L.- l'b e /E{u_di..n--_avi’ o A,

=
-
o5 A = T 4
e & TN, = AN , |
{. ¢ \O1R S 2440 V_{-—-L"""' or _aso
¢ . B i\ '1-1'/‘ \I€AS) S sl0
S > /ba.’l."*ﬁ J
i gl - =y VW, = Ww(e¥ys)
_-_ ‘SG:EUL%GV
EH_F\{- ’3 {'wn_:D
1{'&{__0"1 o
Iaf“h_.'}g:-ﬁ,-- f_\___,.
I.lt ﬁ 5.3'21 ;

1"5\..- = 1 *ﬁ_'}_ﬂa

o/ad(E) T A3n . o v _\

?rff:;(f"v_ e il |
o g (25 o=




’/ (b) T e rriginl C-u-cw.-lr o
o‘r%\m-hegf' 2, we lone:

N,mm 3 oa zn

—.h,
¢ A V. v
Vorms) % . l\ff { . :— :

T
_VL_'-: ('1"{5)(51'1*5') = 935 +641.::2' NV tems )
= 1, = Ny o el 5 = F-s A

wL AV (rwms)

=

-2 <« %3.9 -i;i!f “+ 5'04.5‘5—‘3
=) qr'*." -Vl._: --'5'-}.5'-451_5" = %’}‘C*‘&Ev_,)
N0V e= =345 .Ss" =T
‘Su t«!“"*("“" Pw ﬂ:h.n.;vkﬂ-ﬂ ‘:a e A.P'Mw Do

A Sea = Vea (- 1Y :(‘6?'{*5-3{)('1'{"’5{)&

- Q’?‘r _*%qrx e & 3 -ISS‘) - (‘{‘15 *ﬁ'}f)
4 (ST25 - 433.5)
= 0325 Ap12s VA

ng"‘* s eoveedd W&PH‘&"‘A-MW“L “n
a‘bmbms 193120 W ,...,J \ars Mju_hﬁ \Bﬁr‘!

LOnL&m """‘""I“"'l""‘* vl daga S 2,y den shoping parw*-)
Tg = -0V 1, 25435 4 T44% = .S 4410 ACyms)

(.J'TUX--'LS = {ﬁw)(-\l 5 4_.3. 1g) = -."jl?S.J- 11—5?|:' VA
biv = Bae W =y % o devtdl puv dedb. =32y 00y = [‘“1’1

N
= iy —
e

—




éﬂﬂ NAME: Wil Lso~

4. (25 points) This circuit is in the sinusoidal steady state with angular frequency o,
a) Write the circuit’s mesh equations in matrix form, with matrix and vector elements made explicit in terms of
R. L, C, o, etc., variables.
b) Determine the driving-point impedance Zin whenw =2 rad/sec.and R=2Q,L4=2H, L; =4H,
IM|=1H,C=1/2F, u=10.
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Reference Sheet

Trigonometric Identities

sin® = cos(8 - 90°) = ms(e_g)

cosB = sin(0 + 90°) = sin(9+9
cos(B+¢) = cosBcosd — sinBsing
cos(68—-9) = cosBcos¢ + sinBsing
sin(B + ) = sinBcosd + cosBsind
sin(B-¢) = sinBcosd — cosBsing

cosf + cos¢p = stm';_d’}cug(__a -$)

2
cosf - cos¢ = ~25in{® ; ¢)sin(® ;4*)

sin® + sing = zm(";*)m(ﬂ;ﬂ

sin@ - sing = 2co0s® ; 9) gin (@ ; ¢)

cos2f = zmszﬂ—l = 1~25in29 = coszﬂ—sinzﬂ

» 2 2 172
Acost + BsinQ = (4" +B7) cos(0-atan(B/A4))



Complex Arithmetic

Re(z +z,) = Re(z,) +Re(z,)
Im(z, +2,) = Im(z;) + Im(z,)
Re(z;z,) = Re(z, )Re(z,) —Im(z, )Im(z,)
Im(z,z,) = Re(z,)Im(z,) + Im(z,)Re(z,)

e‘m = cosB + jsin®

Z=X+j¥=Z=Re®,where R=(X2+ )2 and 0 = atan(¥/X)
Z=Re!’= Z = X+¥ where X = Rcos and ¥ = Rsin

X+/H = 02+ )2
Z(X+jY) = atan(¥/X)

1212)| = |2)||2,)s 422y = 42, + 22,
N/Z=1712; £L(1/Z)=-4£Z

(X+j¥) = X~j¥

(R = Re®

(2,2,) = (Z)NZ3);  (2,/Z,) = (ZD/(Z); (Z,£2Z,) =(Z))+(Z3)



