ECE3050 Homework Set 1
and current division to solve for Vi, Vs, I, I, and Is.

1. For V =18V, R; = 39k, Ry = 43k, and R3 = 11k, use Ohm’s Law, voltage division,
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i 39Kk + 43kQ|[11kQ [ 839kQ+43kQHlle 330V
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2. For I =250 uA, Ry = 100k, Ry = 68kS2, and R3 = 82k{2, use Ohm’s Law, voltage division,
and current division to solve for Iy, Is, and V3.
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68k + 82kQ
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I = 250 uA = 100 uA
2= 20 A0 T 68k 1 2k 0K
Vs = 100 puA x 82k = 8.2V
3. It is given that Ry = 1kQ, A, = 1074, A; = 50, and Ry = 40k(.
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(a) With i, = 0, use superposition to write the equations for 71 and v,(,¢). Solve the equations
Vo(oc) = —Aji1 Ry



Vo(or) = ————1; = —25000;
o
1

(b) With v, = 0, use superposition to write the equations for i1 and 7. Solve the equations

for 7,(sc) as a function of vs.
A
io(ee) =~ = ~0.05,

c) Use the solutions for vy(o) and iy to show that reu = 50k .
(d) Show that the Thévenin equivalent circuit seen looking into the output is a voltage source
Vo(oc) = —2500v, in series with a resistance 7, = 50k{2.

(e) Show that the Norton equivalent circuit seen looking into the output is a current source
io(sc) = —0.05vs in parallel with a resistance oy = 50 k(2.

(f) If a load resistor Ry, = 20k2 is connected from the output node to ground, use both the

Thévenin and the Norton equivalent circuits to show that v, = —714.3v, for both.

4. It is given that Ry =109, G,,, = 0.5S, Ro =5, R3 =502, and A, = 4.
.
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(a) With i, = 0, use superposition to solve for v, as a function of v;.

y _ Rs oot A Ry  R3+ ARy
O(Oc)_R2+R38 USR2+R3_ Ry + R3

vs = 1.273v;

(b) With v, = 0, use superposition to solve for i, as a function of v;.

. vy Ayvs 1 A,
= — = Vg B — R — e 2 s
To(sc) R + 7 V) <R2 + R3> 0.28v

(c) Solve for 7oyz.

vO ocC
Fowt = -2 — 4.5450)

Lo(sc)

d) Show that the Thévenin equivalent circuit seen looking into the output is a voltage source
Vo(oc) = 1.273v5 in series with a resistance 7o, = 4.545 Q.
(e) Show that the Norton equivalent circuit seen looking into the output is a current source
io(sc) = 0.28v5 in parallel with a resistance 7ot = 4.545 Q2.
(f) If a load resistor Ry, = 52 is connected from the output node to ground, show v, = 0.667v;.

5. It is given that g,, = 0.025S and R; = 40kf).



(a) With the output terminals open-circuited, use superposition of vs and g,,v to write equa-
tions for vp(,) and v. Solve the two equations for vp(,) as a function of vg.

VO(oc) = VS + gmvE1 v=0-=gnvR1 = v =0 = v9(sc) = Us

(b) For the output terminals short-circuited, use superposition of vg and g,,v to write equa-
tions for ip(s) and v. Solve the two equations for ip(s) as a function of vg.

. Vg . 1 Vg
"0(se) = R_l + gmv v=vs = 0=v=vs = LO(sc) = Vs E T 9m | = 39.96

(c) Solve for the Thévenin equivalent circuit looking into the output terminals.
VO(oc) = Vs In series with 7o,z = 39.96 2

(d) Solve for the Norton equivalent circuit looking into the output terminals.

10(sc) = 3;}26 in parallel with 7y, = 39.96 2

. It is given that 8 = 80, Ry = 75k, and Ry = 39k(.
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(a) With the output terminals open-circuited, use superposition of vg and i to write equa-
tions for vp(,e) and 7. Solve the two equations for vp(o.) as a function of vg by eliminating
. . —Ug BR2
V0(0c) = 0 — BiRy I = 5 = U0(oc) = ?lvg =41.6vgV
(b) With the output terminals short-circuited, use superposition of vg and (i to write equa-
tions for ip(4) and i. Solve the two equations for ip(s,) as a function of vg by eliminating

i.

1.

i0(sc) =0 — Bi L= —— = 10(oc) = Rgl’tls = 1.067vg mA

(c) Solve for the Thévenin equivalent circuit looking into the output terminals. [vo(o) =
41.6vg in series with 39 k()]

(d) Solve for the Norton equivalent circuit looking into the output terminals. [ig(s) = 1.067 x
1073vg in parallel with 39k



7. It is given that g,, = 0.002S, Ry = 100k(2, and Re = 1 MX).
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(a) With the output terminals open-circuited, solve for v as a function of ig and vp(,) as a
function of v. Solve the two equations for vo(,e) as a function of is by eliminating v.

Yo(oc)

%0(80)

-
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VO(oc) = —gmU R v=1igR = VO(oc) = —gmisRoR1 = -2 % 108i5

(b) With the output terminals short-circuited, solve for v as a function of ig and ig(s) as a
function of v. Solve the two equations for ip(s) as a function of ig by eliminating v.

ZFO(sc) = —gm? v =15l = io(sc) = —gmigR1 = —200ig

(c) Show that the Thévenin equivalent circuit looking into the output terminals is a voltage

source vg(oe) = —2 X 10%ig in series with a resistance 7oy = 1 MQ]
(d) Show that the Norton equivalent circuit looking into the output terminals is a current
source ip(sc) = —200ig in parallel with a resistance 7o, = 1 M.

8. It is given that Ry = 3k}, Ry = 2k, and g,,, = 0.1. This problem illustrates two solutions
for the input resistance to the circuit. In one solution, the source is a voltage source. In the
other it is a current source.

(a) Use superposition of vg and g,,v1 to solve for ig.

, Us v Ry
7 = — — -
s R+ Ro Im 1R1+R2
(b) Use superposition of vg and g,,v1 to solve for v;.

Ry
R1 4+ Ra

Ry 1

— g, 01R1||Ry = v; = v X
gmv1 Ry || Ra 1 SRl+R2 1+ gmR1|| Rz

V1 = Vg

(¢) Solve the two equations for ig as a function of vg by eliminating v;.

i = vg < _ gmPe Ry > __ Us ( _ gmBa|Re >
S Ri+ Ry Ri1+ Ry 1+ng1HR2 Ri + Ry 1+ng1HR2
vg 1 Vg

Ri+ Ry 1+ gmBy||Rs 605k

(d) Solve for the input resistance to the circuit.

rin = 25 — 605k
is



(e) Replace vg with an independent current source ig. Repeat the problem to solve for r;,.
Which solution is simpler?

vg =is (R1 + R2) + gmv1R2 vy = igR1 = vg = is (R + Ry + g R1 R2)

Tin = U—S = Ri + Ry + gmR1 Ry = 605k
is
9. The figure shows an amplifier equivalent circuit. It is given that A; = 0.99, Rg = 1k,
Ry =25Q, Ry =100, and Rg = 30kS.
s
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(a) With Ry, = oo, use superposition of vs and A;i, to show that v, and i, are given by

R2 . Rl
o(oc = S—_Aia Ry + —— R
Yolo) = S RCY R+ Ry, < T Rs+ R + R 2)
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! Rs+Ri+ Ry ' ""Rg+ R + Ry

Vs (2!

1125 * 1.03306

(b) Solve the equations to show that v,(,e) = —824.97v;.
(c) With Ry, = 0, use superposition of vs and A;i, to show that i, and i, are given by

io(se) = o f2 <1— N e )
o(se) = Rs + Ry + Re||R3 R2 + R3 v Rs + R1 + Ra||R3 Rz + R3

Vs (2

338525  1.01309

Vs . RS
+ Ajia
Rs + Ry + Ro||Rs Rs + Ry + Ro||R3
Vs To

1124.67 1.13603

ia

(d) Solve the equations to show that i,(s.) = —vs/136.486.
(e) Solve for Tout = Vo(oc)/To(sc)- [Tout = 112.597 k€]
(f) With Ry, = 10kQ, solve for v,. [v, = —67.2913v;]



10. For the circuit shown, it is given that i; = 4mA, Ry = 2kQ, Ry = 1k, R3 = 9k, and

11.

gm = 0.0058S.

(a) Use superposition to solve for Uo(oc)- ExXpress your answer in symbolic form.

. Ry
= | R|| (Re + R mUl—=—————R
V1 is [Ri|| (Re+ R3)] + ¢ U1R1+R2+R3 1
_ R1|| (R2+R3)
= i T
1—gnRi||(Re + R3) + gn———F——R
gm PR (R 3) ng1+R2+R3 1
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(b) Use superposition to solve for i,(,). Express your answer in symbolic form.

v1 = (is + gmv1) Ri|[R2 = ZS%
m
i . R v _ Ry
o(sc) = sRl + R Im lRl + Ry

(c) Solve for the Thévenin equivalent circuit seen looking into the output terminal. Express
your answer in numerical form.

Vo(oc)

Vth = Vo(oc) = —144V Ry, = :
o(sc)

= —315012

(d) Solve for the Norton equivalent circuit seen looking into the output terminal. Express
your answer in numerical form.

vO oc
inor = fo(se) = 457T1MA  Ryop = ﬁ — —31500Q

(e) If a load resistor R; = 9k is connected to the output, what is the load voltage?

Ry,
Ry, + Ry,

VL = Vth z 'inoarorHRL =576V




(a) For the circuit of figure (a), show that
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(b) For the circuit of figure (b), show that i., 4., and i, are the same as those in figure (a)
provided 7/, is given by

= (1—a) Ry +7e
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a) For the circuit of figure (a), use superposition of v., ai’, vy, and v to show that
g ) p p ) e’ )

/
Ve . (%7 Rte Vte Te
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ro + 7L|| Rie ¢ rl4+ Rillro Ree+10 Rie +7llro v+ 10

i = Uty Ute 70 Ue Rie
= _ _
L+ Riellro Rie + 7m0 ro+7. 10+ 1rL||Rie Rie + 1o

(b) Substitute the i, into the i, equation to show that

/
i = Uth <a Rie > Ute arg + 7,
. = —— _ _
Té+Rte||7‘0 Rie + 19 Rte—l-TéHTo To—i—ré

R
S
ro + rL|| Ree ! 4+ Rye

(c) Show that the circuit of figure (b) gives the same value for i. provided

. (% 1 Rie
ie = GmpVy — Gmelte + — Gmp = 57— (a -5
Tic 7"(/3 + RteHTO Rte + 70
o 1 arg + 1, i ro + 7L || Ree
me — ic - 1
Rte-i-’l”éHT‘() 7"()+7'/e . alRye
Té + Rte



(d) If B is sufficiently large, show that G,p = Gime = G, where Gy, is given by

1
T'/e + Rie

m =

13.

(b)

(a) For the circuit of figure (a), use superposition of vy, i., and «il,, to show that

To + th . / ./ thré
0T e R —
T gt Ry e el (0 F )]

Ve = o, ———
eth—i-To +7’é

i = Vtp — Ve
e 7“/

e

iminate ? etween € equations to snow a
b) Eliminate 4/, bet th tions to show that

o (1- aRy. . ro+ (1 — ) Rye
‘ Ry + 10+ 1/ o + 10 + Rye

—ie [l (ro + Rue)]

(c) Show that the above equation simplifies to

o + (1 — 04) Ry i Té (TO + th)
ro + 7L+ (1 — a) R eT‘é—i-’I“()—i-(l—Ot)th

Ve = Utp

(d) Show that the circuit of figure (b) gives the same value for vy provided

ro+ (1 — &) Rye B rl (ro + Ry)
o +70+ (1 — ) Ree o+ 1.+ (1 — a) Ree

Ve(oc) = U Tie =

(e) If 7o is sufficiently large, show that the above answers reduce to

/
Ve(oc) = Utb Tie = Te
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(a) For the circuit of figure (a), use superposition of vy, iy, and Si, to show that

o + th
Rie + 10 + Ry

TORte

+ip [ + Ree + Rio)| + Bip————————
bl tell (ro + Ric)] 5bTO+Rte+th

Up = Ute

(b) Show that the equation for vy simplifies to

ro + Ry . (14 B)ro+ Rec
vy = Vpp—m——————— + 0 |7 + R
e F Ree+ Ree ' U™ 0+ Rye + Rec

(c) Show that the circuit of figure (b) gives the same value for v, provided

. T0+th o o= —|—R (1+,8)7"()+th
ter0+Rte+th o " e TO+Rte+th

Ub(oc) =

(d) If o is sufficiently large, show that the above answers reduce to

Ub(oc) = Vte Tip = Trx + (1 + 5) Rye



