Mathcad Solutions to Assesment Problems from Nilsson and Riedel

Electric Circuits 9th edition, @ 2012 R. Doering.
Chapter 4

a) For the circuit shown, use the node-voltage

AP 4.1 method to find Vi Vo andil. . »
+
b) How much power is delivered to the circuit
by the 15 A source? 15A 12600
c) Repeat (b) for the 5 A source.
Assume all currents are leaving nodes. Use dot subcripts because no v,
. vy =0V vy =0V
given
1 1
node v,: —“15A+— v+ — v+ —(Vv; —Vy)=0
! o1 a1 s (1)
! ( ) + ! +5A=0
—_— V —_ V —.V —
s 2 U ag 2
60 60 — 10)V
ﬁnd(vl,vz) = \V i = (60~ 19V =10A
10) 50
in matrix notation:
11 1 1)
— = 4= =
60 15 5 5 ] o (15A) 1. (60)
G = |— 1:.= G -1 = V
w 1 1 10 ~5A) 10)
5 5 2)
Alternate method finding currents in resistors:
60
5
assign names to the resistor values: ri= ‘Q 50 1= 609 ry= 15Q etc. The currents through the resistors will use the same subscripts.
15
2)
Write out KCL equations for the top two nodes: Write out two KVL loops for the loops without current sources:
10+11+12—15A=O r212—r0-10=0
13—11+5A=O r111+r313—r212=0

to keep the units consistent, multiply through the KCL equations by 1Q. i:

I
-



now factor these equations into matrix form:

i) Qi+ Qi + Qi
19 12 12 0|0 15) 0 1 15:V)
0 -1 0 1Q i 5 y Q-13 - Q-ll 5.V
—r 0 r 0 . - . — . . -
0 2 i 0 ) 15-Q-i, — 60-92-i 0 )
0 : . , 0
5~Q'11 - 15~Q~12 + 2~Q~13)

0O r, -1, 1 .
1 23)13)

invert the square matrix and multiply through the equation
(after you get the hang of this, you won't nee to take all these steps)

12 10 12 oY e 12 1 o[l (12 10 10 oY 15
0 -12 0 1Q 0 -12 0 1Q i1 0 -12 0 1Q 5
-1, 0 o, 0 11 0 1, 0 .iz = -1, 0, 0 V-
0 T, r3) 0 o r3) i3) 0 T r3) 0)
now use the currents to find the voltages:
a) V=g, =60V v =ipr =10V i,=10A

b)  Pysi=15Av, =900W

€)  Pyi=-5Av,=-50W

)
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=
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assign to variable

Q<
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AP 4.2  Use the node-voltage method to find v in the

circuit shown. 610 210 411
- A A~
(%) i
given o) 45A 210 - 120 0V

1 1
—45A + —v +—'(V -V )=O
10 0 6+ 0 1

1

! (V1 - V0> + — v, + L-(V1 - 30V) =0

6+2)Q 120 1 40
6 - (Vo B Vl)
v = find(v) = \Y% so the voltage at the center point is e 7 6Q=15V
m 18 0 (6+2)Q
in matrix form:
1 1 1
—+ - ) 4.5A)
1 6+2 6+2 1 . 1. (6)
G = |— 1= 30V G 1= v
ot 1 1 119 — 18)
- +—+ = 4Q )
6+2 6+2 12 4)
Alternate solution:
1 \ label i's to match r's
6 assume all currents go right or down.
=12 |2 assign one ohm to lower case L.
12 1= 10 (looks like one. appears in KCL lines in vn.)
4
) This solution is approaching the spice style solution and so doesn't eliminate non-essential nodes!
so the node between r1 and r2 is included.
I 1.0 0 0) 45 6
0 -11 0 0 0 s
wm=|0 01 11 vi=| 0 |V i=wn Ly i=|-15|A
T 0 0 1.5
0.0 0 ;1) -30) -3 )
so the value of v is iyry T = 15V or iyry =i = 15V

not asked for here, but because each r has its own i, power is simpler P:= izr =117W v4-i4 + 4.5A-i0~r0 =117W



AP 4.3 a) Use the node-voltage method to find the
power associated with each source in the 3i
circuit shown,
b) State whether the source is delivering power
to the circuit or extracting power from the 611 20

circuit.

assume all currents go right or down.
! urrents gonig wh 50V 80 40

8

b
[\S)

4) I -1-30 1 0) 0) n

> \Y% i -1 i 3 A
vn = V = 1.= VvVn vV 1=
To I ¢ 0 m 50 w 8

—r0 0 I, r3) O} 4)
a) PSO = —50V-i1 =-150 W P3i1 = —3~i1~i2-r2 =-144W PSA = —5A~i3~r3 =-80W

b) All sources are delivering power to the circuit.

5A



AP 4.4 Use the node-voltage method to find Vo in the

circuit shown.

40
10
L= Q assume each r has a
30 coresponding i.
20 ) assume all currents
go right or down.
iA = i1 + i2
| -1 0 |
) 0
0 -, T, T 0
vn = I'O I’l 0 0 AR = 10
- _ _ 0
ry 202 200 1 ) )
v, =24V

nn
ARA—
10 2011
W " AR
.
wv( ) L3400 200
0.6 ) 24
-1 -1.4 — ~14
/sl/v: vn v 1= 18 Vr = (1'I’) = s
-2 ) —40)



AP 4.5 Use the node-voltage method to find v in the
circuit shown.

use super node across controlled voltage.

7.5)
2.5
r:=1 10 (2
W
2.5 1 1 0 0 0
) 4.8 2
1) 0 11 1 1
0 2.8
-, I, T 0 0 _
vn ;= 0 1 "2 N 0 |V Aiszvn 1V i=]|08 A
-12 0 T, 1, 0 0 4
_ -12 -2
00 0 ) )

1 1 0 0 0)

0 -1 1 1 1
7525 10 0 0|Q
-1 0 -10 25 0

0 0 0 -251)



AP 4.6 Use the node-voltage method to find v, in the
- 6i
circuit shown. b
S
=
2 \ 210 30
W : Wi : ]
24 + -
/&/:: Q ‘I..,ll
3 60V " 2240 303
3)
-1 1 1 0
) 0) 6
r r 0 0
0 1 60 . _1 2,
vn = - 0 -, +6Q 0 = 0 Vv A=vn v 1= 4
_ 0 12
0 T r, r3) ) )
.—)



AP 4.7
5)
26
L= 30 |2
90
8 )
ro + I'l —I'O —I'l \
/s(/:\/r\/r\}v:: —I'O rO + I'Z + r3 —r3
—rl —r3 I'l + 1'3 + I'4)
o~ il\
10 — l2
iI' = 11
hL™h

Use the mesh-current method to find (a) the
power delivered by the 80 V source to the circuit
shown and (b) the power dissipated in the

8 Q resistor.

80 5)

0V i:=cm -V i=| 2
W

0) 2.5)

3)

2.5

.2

i, T= 400 W
0.5

2.5)

(=) iy = 400 W

VR

30 £}
ANA
540 90 £2
AW AW
261}

80



AP 4.8 a) Determine the number of mesh-current
equations needed to solve the circuit shown.
b) Use the mesh-current method to find how
much power is being delivered to the
dependent voltage source.

2)

5 ot 0 B 25— 10)
A= | 1410 emi=| Ty (prrnrn)-in el xe=| 0 Vv
i’ ) -1, 1, I, 0 )
4
= em Ly i=|-1 A 3.(12 - il)~r3~i1 - 36W



AP 4.9 Use the mesh-current method to find A in the
circuit shown.

25V
6\ Lt -, - \ 25\
8
= ZQ cm = -1, A ‘ =0V
0
8) -1+ 5-Q 1, T+ r3) )
4
- o
ij=cm v i=125 A ig= (10 - 12)r1 =16V

20
AN
60 801
A
80 5iy




AP 4.10 Use the mesh-current method to find the power 30 80
dissipated in the 2 Q resistor in the circuit shown.

3)
2 Assume currents iy -iy run clockwise.
6
Ii= Q
8 the constant current source needs no mesh.
5

It = A
cm = o=
—I'1 1'1 +I'3+I'4+ 1'5)
alternatively use three loops:
r,+r +r - 0 \
0T 2 1 30 ) 2)
. -1
cm = -, L S I —r4| vi=l 0 V i=cm wv=| 4 A

0 0 10) -16) -16)



AP 4.11 Use the mesh-current method to find the mesh
current ia in the circuit shown.

2 2y
iy, = g-5~(1a - 1b) solve, i, — —3 S0 2, -3, =0
i (75-V = 20-A-Q
(i + 104) 202+ 2502 75V solve. iy, — 2V 20A _ 455
3 11-Q
or
2Q + 50 -5Q) 75V — 10A-22)
cm = V=
20 -30) o 0 )

_ 15
cm IV:( \A ia:: 15A

10)

T3V

()
\_/
20 10
————AMA- - A
L WEsnN
L

2‘1?,,,



AP 4.12

Use the mesh-current method to find the

power dissipated in the 1 Q resistor in the circuit
shown.

o NTn T ) 10)
cmi= | —r) T, r0+r2+r3| v=|6 V
12 -10 o ) 2)

notes: first line is super mesh of i, and i;.
second line is i, mesh.
third line includes current source.

7
mem v=ls A R (i)h10=36wW

6)




AP 4.13 Find the power delivered by the 2 A current
source in the circuit shown.

1 -1 -2
vn ;= \Q V= \V
15 10) M 120 - 25)
-1 —1\
vn V= : )A P=35V2A=T70W
in this case the currrent mesh will result in the same equations.

[15 10 (20 - 25)

o) W)

cm =

h
=

e

;i

2A

25V




AP 4.14  Find the power delivered by the 4 A current

source in the circuit shown. 2)
with 5 resistors and only three mesh choose current mesh. 6
r.=14(Q
A\4
3
5)
rhth ) 128)
cm = 0 10 0 | v=| 4 Vv
—r1+3OQ —r3—3OQ r1+r3+r4) 0 )
9)
. -1 . . . :
=em v i=| 4 A [(10 - 11)-r2 + (12 - 11>r3]-4A - 40W  or 40 watts delivered.

—6)



a) Use a series of source transformations to
find the voltage v in the circuit shown.

b) How much power does the 120 V source
deliver to the circuit?

AP 4.15

First transform the 120V 20Q pair to Norton.

120V
—— =6A
2082

Transform the 60V 5Q pair to Norton

60—V:IZA

Combine the parallel Norton sources:

(20€2) || (5€2) || (6€2) =240

6A - 12A + 36A=30A

Transform the Norton to a Thevenin

30A.24Q0 =72V

20 BOV
120v >,

:.

B

D- 3.

BA, g
]
. AN SR
1.6
124
N
gzn C)ﬁﬂ ga " gs
BA -
Q 5
AVAYAY
1.6 *

A

a-b
a,b) = ——
ll(a,b) b



Combine the series resistors

240+ 1.602=40Q

80

Use voltage divider to find answer V————— =
80 + 40

48V




AP 4.16 Find the Thevenin equivalent circuit with respect
to the terminals a,b for the circuit shown.

12
] a
—4 3
T 20
' . : & $h
first separate the voltage source into two copies: 132
g g
—& o
T T 20
2092
Vthy == ——— 72V =57.6V
2092 + 5Q o o P
12
4 a
Rthy := (2090) || (5€) = 4 —& 3
T a7
e LA
12
Rthy := 82 + Rthy = 120 12
— 3
T a7y
. &
]
a
Rthy := (129) || (120Q) = 6 Q
72V - Vth; f4.8
Vthy == ———12Q + Vth| = 64.8V
1292 + 1202



AP 4.17 Find the Norton equivalent circuit with respect

to the terminals a,b for the circuit shown. - %ﬁﬁ -
15A g1 12 0}
100
Q ko -
Vmgz——ii———45A4n2:45V
240 + 892
VOC
R,p=(129) | [(2 + 8 + 10)Q2] = 7.5Q Iy= R_ =6A
ab
Or
802

I5A=6A "

1l =
¢T84+ 2+ 10)Q

BA 77 5

=75Q

\%
0ocC
N
SC




AP 4.18 A voltmeter with an internal resistance of

100 kQ is used to measure the voltage v g in the 12_4,.551 . * Imﬂ A
circuit shown. What is the voltmeter reading? A
— ]
Ry eter = 100k 30V 18 mA 60 kI VA
Norton the 36V,12kQ to . . B
36V
Iyi:=——=3-mA (down
NI ok (dowm)
R, = (12kQ) || (60k?) = 10-k2
Thevenin the 15mA, 10kQ
Vth ;= 15mA-10k2 = 150V Rth := R, = 10-k2
Add the series 15k
Rth := Rth + 15k = 25-kQ)
The meter reading will be given by
Rmeter . . Lo
Vmeter = Vth.m =120V (Rather sad considering the open circuit voltage is 150V.)

meter +



AP 4.19 Find the Thevenin equivalent circuit with respect 31

o

to the terminals a,b for the circuit shown. N
<
210
At * L F:
2 32+8) 24) !
cm = Q N A\
ro- ) 4) 24V aA(}) i 380
_ 5
= cm 1V:[\A *b
1)

Voo = 8(2~i1 =8V
\Y

L= 2V 4a-gaA

Vi = Voo = 8V Ryyi= — = 10



160 iy

AP 4.20 Find the Thevenin equivalent circuit with 20 0
respect to the terminals a,b for the circuit a
shown. (Hint: Define the voltage at the leftmost
node as v, and write two nodal equations
with VTh as the right node voltage.) 602 g 4A 800400 v
. . [ o b
Thevenize the 4A 60Q to iAn=iaA Vo= Voo

Rthl = 6082 + 2002 = 802

V

40 || 80 oc
(Vthl - 1609~m) solve,VOc - 30-V V. = 30V

¢ (40 [ 80) + 80
during a short circuit condition i, be zero so the circuit will be simplified:

60
MEN 20 + 60
\Y
th
R = = 109
SC

4A=3A




AP 4.21 a) Find the value of R that enables the circuit
shown to deliver maximum power to the
terminals a,b.

b) Find the maximum power delivered to R.

a
.
open circuit analysis:
4+4 —4 \Q 100—20\V 100V
cm .= . V =
MW 44 44444) M 0o )
_ 15 .
i:=cm 1V = \A b
W 10
Voo = 20V +i 402 +1i,-4Q = 120V

Now analyze with a and b shorted:

4+4 —4 -4 100 — 20" 45)
smo=|—4—-4 4+4+4 4+4 Q y:= 0 Vv /iwzzcm‘lv= 30 A Rip=
4 -4 444 ) 20 ) 40 )

a) maximum power will be delivered to the load when R=3Q.

b) Maximum Power delivered is: p.- 2 % _j2kw
m 2Ry,
max power
V=120V Ry =30 el
P(r) L v.— .y P(192) = 900 W 4 p(r) = 0 solve,r — 3-Q
r :: . . . — —_ - , .
A r+ Ry r+ Ry 1 dr
P(rr)
0.01 0.1




AP 4.22 Assume that the circuit in Assessment Problem 4.21 is delivering maximum power to the load resistor R.
a) How much power is the 100 V source delivering to the network?
b) Repeat (a) for the dependent voltage source.
¢) What percentage of the total power generated by these two sources is delivered to the load resistor R?

4+4 —4 -4 100 - 20 30)
omi=|4-4 44444 444 Q y:=| 0 V  ji=om 'v=|20 A (12)2.30 — 1.2kW
—4 4 4+4+3) 20 ) 20 )

b)  Pyy= (io - 12)-49-11 = 800 W
Poov = (iy - io)-20V = 200 W absorbed!
1200

c) —— =31.58%
3800



