Homeworl£3 S(;iutions

1.

b [a] There are six circuit components, five resistors and the current source. Since the
current is known only in the current source, it is unknown in the five resistors.
Therefore there are five unknown currents,

[b] There are four essential nodes in this circuit. identified by the dark black dots in
Fig. P4.4. At three of these nodes you can write KCL equations that will be
independent of one another. A KCL equation at the fourth node would be
dependent on the first three. Therefore there are three independent KCL
equations.

el

Sum the currents at any three of the four essential nodes a, b, ¢, and d. Using
nodes a, b, and ¢ we get

—ig+iy g =0

7?‘.] + ty - J:-;{ = U
ig—idg— iy =10

{d] There are three meshes in this circuit: one on the left with the compunents i,
Ry, and R, one on the top right with components [t1, [7;, and H;E: and one on
the bottom right with components Rs, Ry, and [5. We cannot write a KVL
equation for the left mesh because we don’t know the voltage drop across the
current source. Therefore, we can write KVL equations for the two meshes on
the right, giving a total of two independent KVL equations.

1] Sum the voltages around two independent closed paths, avoiding a path that
contains the independent current source since the voltage across the current
source is not known. Using the upper and lower meshes formed by the five

resistors gives
R;f.l t fi;;f:;—‘ﬁgf‘g :D
Rata + Rsiz — Raty =10
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(a) Assign mesh currents as shown at right. Applying
KCL to the current source i, = is. Hence, 1 and ip are

the only unknown mesh currents. Applying KVL to
Mesh 1 —vg) + Ry-{ij ~is) + Rp-(iy —i3) = 0
Mesh3 vgy + Ryeiz + Ry-(i3 — i) = 0

in matrix form these equations are

{i{g + Ry —Ra \"5 i/ilw (vg; + R]-ls]

i

‘\\ ng Ra + Ry jvk 13) B Vg3

Vg g
: 4 : 3 5
(b)For R| = 10 ' i Ro= 10 R3= 2-1‘33, Ry = 107, ig = 0.0025 ,
| 2 S 4
v = 12 V,and vg = 0.5 Vthese equations become
g 2100 10t ‘
Wy L

Y 37 ) _ ,
. Using matrix inversion
! : 3 5
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Using these mesh currents to find the desired signal variables. First i . Apply KVL around the
perimeter of the cirouit V&, + Ry-ig + vy + Ry-i3 = €. Inserling numbers and solving for v  vields

vyo 12 = 2000-0.0025 — 1000-0.003 OF vy=4 Yand i = 335 % 1o ¥ = 3.35 mA

(c) The power delivered by vq is \‘g;'(wmig) = 12<(-- 33510 :) = 40210 2= 402 mw
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The node voltage equations are:
we Mo 1=
—Bly F = F =0
220 5
Pa-— Y e o — 1k
= LB B - 0

3 40 10
Uy — g 1 Uy — 11:)?0 4 ty — 96

= 0
10 Gl 4
The dependent source constraint equation is:
"iu = l'gf"r'—lo

Place these equations in standard form:

1 .1 1 o
g (— + :) +wp (—:> +13(0) + io(—5)
20 5 5
3+1+i)+ ( ljn(o)
5T 10/ B \T1p)

1 1 1 _ 11.5
‘.‘_.-'1(0) + s (—E> + ALY 1_ T 3 + 1) T s (_ 5 ) =

Solving, vy = 156 V: vy = 120 V; vy = 78 V;




[b] Calculate the power:

Peces =

Pa =
Pogv =

pCCVS

—[5(3)](156) = —2340 W

(156)%/20 = 1216.8 W

(156 — 120)?/5 = 259.2 W
(120)%/40 = 360 W

(120 — 78)%/10 = 1764 W

(78 — 11.5- 3)%/5 = 378.45 W

(78 —96)2/4 =81W

[(78 — 96)/4](96) = —432 W

[(78 — 3-11.5)/5](11.5 - 3) = 300.15 W

> Paey = 2340 + 432 = 2772 W
> Dais = 1216.8 + 259.2 + 360 + 176.4 + 378.45 + 81

(checks)

Thus, the circuit dissipates 2772 W
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The node voltage equations are:

+300.15 = 2772 W



g — 230 Uz — 1ty to -~
- -0
1 1 1
U — U ty — 1y Uq _
1 T g = B
Uy — 230 Uy — g ) Uy — U5 - 0
541 T = B
Us — Uy tUg — Uz s
= 0
2 1 541
Place these equations in standard form:
Ua(L 1+ 1) + 23(—1) + v4(—=1) + v5(0) = 230
va(—1) +wa(l + 1 + 1) + vg(0) + ws(—1) = 4
W /1 14 1 ) 1 230
= et d) () - 2
1 1 1
f.-‘?(OJ = 'l-'_';{—].} + (—E) + 45 (E +1+ a) = 0

Solving, wo=150V; v3=80V: w=1d0V: =900V
Find the power dissipated by the 2 € resistor:
vy — Uy 140 — 95 A
= = 0

fa = = B)
e = (25)%(2) = 1250 W
[b] Find the power developed by the 230 V source:
; vy —230 vy —230 - - =
Loggw = + - =-80-15=-95A
1: G
Pasoy = (230)(—95) = —21.850 W, so the source supplies 21 850 W

Check:
—>05n L, ——li5a
0

S
80R 3100 —S10a

wv®  Eq 23

70 i 53
10
LEa o J%A
80x 1588
10

D Pus = (80)2(1) + (15)2(1) + (15)2(3) + (70)*(1) + (10)*(1)
H512(2) + (102(1) + (802(1) + (16)2(5) + (15°(1)
21,850 W(checks)



5.:

i Calculate currents and voltages needed to calculate the power for the various

components:

. Yy — U 1.6—1
i _ U vy 816 08:_3.3/\

& 8
40 40,
T% = ?(—5.3} =4V

b

1

40

g+ VA = 120 e Ta = 120 —108 =12V

1.75va

Il

(1.75)(12) = 21 A
vi — 120 vy —120  37.6 — 120 i 108 — 120

t120V = 1 . 5 1 5 =—26.6 A

s = 0 ;Oz:L 4 Y ; G —gg.ﬁ 4 120—43?.6 1872 A
Now calculate the power associated with each circuit element:

Pon = (37.6)%/20 = 70.688 W

pig = (37.6—120)%/4=1697.44 W

oy = (120)(—26.6) = —3192 W

ma = (12)}/2=72W

poo = (108)2/40 =291.6 W

P = (108 —81.6)%/8=87.12 W

pe = (81.6)%/80=83.232W

Dyees = (8LG)L.75(12)] = 17136 W Y paps = L pael = 40156 W

Peeve = (18.72)(—44) = —823.68 W

Now sum the powers:
meml = 70.688 + 1697.44 — 3192 + 72+ 291.6 4+ 87.12
+83.2324+ 17126 — 823.68 =0W
Thus, the power balances and the staff analyst has correctly calculated the voltage
values



6.

[a] Apply source transformations to both current sources (o get

—A L
2.7k 23k0 k0
5.4v(2) e 0.6V
—(h.4 + 0.6
g SR ERBL_ o i
2700 + 2300 + 1000
[b] ¥y Vs
. A A —
2.3Kk0)
2nn(®) 2 7K 1k P -onR
4
The node voltage equations:
_1 U1 Uy — Ug
_92x 1073 4
8 2700 2300 0
() Yo —W " : S -
oo T eepe 0 BRA0T = B
Place these equations in standard form:
1 1 1
e . S _ =g
“ (2700'+ 2300) T'LJ( 2300> i
( - )+ (1+A——1——) 0.6 x 107°
Bi v = =[.
"\ 72300/ " "*\1000 " 2300 A

Solving, v; = 2.7 V; g =04V
b o Uy — W
“ 2300

= —1mA
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[al 520V

1002 e
14 ]‘MJQ 250002 v,
e i 5
é 400) 520V 100 2
40"} 250002 v,
@ —
500 J/i
480V () ¥, $9500)
250 400
LU, = —(480) = 400 V; T = =16A
: 300( ) ' ‘ 250)
[b]
s
520V \L
14 24 364 —>164
Ly «
+160) 2600 40 4
e 2400 400V 32500
= 2.6r&/1]\ &0 =
Wil L 4

Psaov = —(520)(3.6) = —1872 W
Therefore, the 520 V source is developing 1872 kW.

[e] v=—(16)(1) — 40(2.6) = —120 V

pia = (—120)(1) = —120 W
Therefore the 1 A source is developing 120 W.
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Write the mesh current equations. Note that if i, = 0, then i, = 0:
—23 + B(—ia) + 10(—i3) + 46 = B

30y + 15(ip — i) + 5is = 0
“de + 2543 — 46 + 10i3 + 15(ig — i) = 0
Place the equations in standard form:
i2(—5) + i3(—10) + Vi(0) = —23
(30 + 15+ 5) +i3(=15) + Vg (0) = 0
ip(—15) +13(25 + 10 4+ 15) + Vg.(1) = 46

Solving, iz = 0.6 A: la =2 A; Vie = =45V
Thus, the value of Vj. required to make i, = 0 is —45 V.

[b] Calculate the power:

puv = —(23)(0) =0W

Py = —(46)(2) =—-92W
Pvac = (—45)(2) =—90W
pson = (30)(0.6)> =108 W
psa = (5)(0.6)=18W

psa = (15)(2—-0.6)2 =294 W
pua = (10)(2)2=40W

poe = (20002 =0W

prsa = (25)(2)2 =100 W

D Paer =92+ 90 = 182 W

> pais = 10.8 + 1.8 4+ 29.4 + 40 + 0 + 100 = 182 W(checks)



9:
? First we make the observation that the 10 mA current source and the 10 k{2 resistor
will have no influence on the behavior of the circuit with respect to the terminals a,b.

This follows because they are in parallel with an ideal voltage source. Hence our
circuit can be simplified to

iy ® 2

18k{]

()
o
=
b
W

20v ()

or

Zmﬁ% 2ioen @3 2 50

&b

Therefore the Norton equivalent is determined by adding the current sources and
combining the resistors in parallel:

@ a

(Dina  £3.75k0




10.

[a] First find the Thévenin equivalent with respect to R,,.
Open circuit voliage: igz = 0; 50i4 = 0

O :‘
e eemm—— oo :
bv | _ I
! lﬂ—‘:——’\-’\'\:—A——-’-r’\A‘LA—‘a—_dW\, E sz.
. 100 501 200 .| __:
©1000) Crzeov = 1000)
0.512 vy
b
- 3
th  m—280 v —280
100 10 + 5 =+ &66 +0.5125v4 =0
(280 = 'U]) _
vA = Tﬁ =56 — 0.2y

v =210V; pa=14V
Vin = 280 — vp = 280 — 14 = 266 V

Short circuit current

(201 v — 280 Ua Uy
Wo20 v VG sion080) =
100 70 T g 02126280 =0

va =280V

vp + 80y = 1

. 280w
%:T+2%=56+0.05v2

v =—968V: v =—588V

iy = s = 56 + 0.05(—968) = 7.6 A

Rrw = Vi e = 266/7.6 = 350
R, =350



[b]
350

2669 133V 7 350

Pmax = (133)2/35 = 5054 W

el
I
é v H + Va ~ v ;
L W :
P I 100 50 200
+
/i
Fio0n 5 2BV 133y e 4000
’H B 0.512fv,
- b
th Py 280 Ug — 133 Vg _
..... €L . E .. 571¢ 20 — £=)
00 ° 10 ; 20 100 +0.5125(280 —133) =0
vs + 50ig = vy 1y = 133/3-5 =38A

Therefore, v; = —189 V and vy = —379 V; thus,
. 280-—-133 280+ 189

1 5 + 10 =76.30 A

Poagov (dﬁ\") = (280](?63) = 21;36—.1. W

11: [a] Data sheet for LM 741 can simply be googled. Bufditure references, some of
the good websites for searching datasheet of I@'s a

www.datasheetcatalog.com

www.alldatasheet.com

www.datasheetarchive.com

[b] I'nput offset voltage : the voltage required across the op-amp's inputiteisito
drive the output voltage to zero

Bandwidth : The range of frequency for which Op- amp maint#iggin (gain does not
drop below 3 db) is called band width.

Input resistance: It’'s the resistance between two input termindlhe opamp seen by
the incoming signal.

Ideally, input offset voltage should be “Zero” nolvidth and input resistance should be
“Infinite”.



12:

Since the current into the inverting input terminal of an ideal op-amp is zero, the
voltage across the 2.2 MQ resistor is (2.2 x 10%)(3.5 x 10-%) or 7.7 V. Therefore
the voltmeter reads 7.7 V.

13:
[a] Let v, be the voltage from the potentiometer contact to ground. Then

0—v, 0—uva

=0
2000 50,000
—25v, —va =0, J.oupa=-25(d0%x10"%) =—-1V
Up Va — {} Ua — Ug
=0
aFa 50000 T U= a)Ex
U_&+2v&+vil_'vo —0
e —
1 1. )
il 2 — o
UA(Q+ +1—a) 1—a
o
Loy, =—1 [14—2(1—&)—}- ( aa}]

When o =0.2, Y=—1(1+16+4)=—-66V
When a=1, Up=—114+040)=~1V
66 V<, <—-1V

[b] —1 [1 +2(1—a)+ ”;70‘)] =7

a+2a(l—a)+(1—a)="Ta
a+2a—20+1—-a=Ta

20°+5a—1=0 so oa2=0.186



