Mathcad Solutions to Assessment Problems from Nilsson and Riedel

Electric Circuits 9th edition, © 2012 R. Doering.
Chapter 8

AP 8.1 The resistance and inductance of the circuit in
Fig. 8.5 are 100 Q and 20 mH, respectively.
a) Find the value of C that makes the voltage
response critically damped.
b) If C is adjusted to give a neper frequency of
5 krad/s, find the value of C and the roots of
the characteristic equation.
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useful functions:

c) If C is adjusted to give a resonant frequency «(RC) := 1 neper frequency

of 20 krad/s, find the value of C and the
roots of the characteristic equation.

R:= 1009 | := 20mH

2RC

1
wA(LC) = — radian resonant frequenc

characteristic roots:

51(R.L,C) = ~a(RC) + \/OL(R- 0)% - wp(L-C)?

$(R.L.C) = ~a(RC) - [a(RC) - wp(L-C)?
overdampedR,L,C) = wo(L-C)2 < a(R C)2
underdamped(R, L, C) := wg(L-C)° > a(R-C)*

criticallydampedR, L, C) = wq(L-C)* = a(R-C)*

krad = 10°rad



mH

a) Given criticallydamped(R,L,Cl) =1 Cq:= Find(Cl) - — Cq = 05pF
2000- 2
krad S
b) Gi R-Cy)=5—— C-r := Find(C Co=1pnF
) Given o(R-Cp) s 2= Find(C2) = 1555000 1 rad 2= T
.. krad .. krad
$1(R,L,Co) = (-5 +5).- —— R,L,Co) = (-5-5) ——
1(”2)(+J)s sp(R.L,Cp) = ( )=
krad &2
C) Given wo(L'Cs) = ZOT C3 = Find(C3) — C3 = 0.125. s

8000000000 mH- rad?

s1(R.L,C3) = —5.359-k%aOI sp(R,L,C3) = —74.641-@



rIc(Rl,Ll,Cl,vO,dVOdt) = |if criticallydamped(Rl,Ll,Cl)
D2 « VO

OLC% OL(R]_- Cl)

D1 ¢ dvqgt + 0 D2

V V
Sl « Sl(Rl’Ll’Cl)

2 SZ(R].’L]_’C].)

( 1 1 j‘l Vo
A« :
sl-s s2-s dVOdt‘ S

Ao A1 T.
return | 1 R sl.s s2:s| if overdamped(Rl,Ll,Cl)

-
return (3 % D—2 Qe S 1)

otherwise
Ao+ A1
B« |
j-(Ag— A1)
sl — <2
2]
sl + s2

wde
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| |return ké v v QS U.Jd'S)

t t
Az- Ag—

Ate S+Are °if Ag=1

t £)) ~A3G
(A]_- COS(A4- g) + Az-Siﬂ(A4- EDe i Ap=2

O otherwise



simprlc(Rl,Ll,Cl,vO,io,l) = iLOe ig
Ve «— V
C, < V0
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2t [L1-Cq

NN « 2048-8 - 2

(floor(log( . N4N ,ZDj
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for ne 0..NN
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Ex82 5. rIc(ZOOQ,SOmH ,0.2uF , 12V, —450 —) V(t) = vyo(S.1)

MWW

S

ST = (1 -14 26 -5x10° —2x10%)

.
Si=(1 -14 26 -5x10° —2x 10%)
V(t) = vy e(S.1)

_ 5000-t _ 20000-t
v(it) > -v-\14e ° -26e °

t t -6
—5000-- — 20000
v(t) = (—14e °+ 26e SJV

100

150



rl .= 20012
X n:= 0..16383
(Atj = simprlc(rl,50mH, 0.2uF, 12V ,30mA ,0A)

rows(X) = 16384 Simulation

v(t)

o 50 00 150

t (us)




AP 8.2

Use the integral relationship between i; and v

to find the expression for i; in Fig. 8.6.

r: Qg (1) = (560 —

t

. 1
O = Somn )

mA

: H
||_(t)-\n/1—'s-—_ expand — 56-mA-e

10

mH mA _
V's 1976

v(u) du + 305'-10‘
mH

26720900 mA |t = 0.

l.('J_"" IIL¥ IHL
02 FF,’\H; S0mH3| 2000

+ 8

~ 20000t
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AP 8.3 The element values in the circuit shown are | ’
R=2kQ,L=250mH, and C =10 nF. The “;__; iy
initial current |, in the inductor is -4 A, and ‘T -

the initial voltage on the capacitoris 0 V. The ¢ .
output signal is the voltage v. Find (a) i5(0%);

(b) i,(0%); (c) dv(0*)/dt; (d) Ay; (e) A,; and Rg:= 2kQ? Lg:= 250mH C3:= 10nF
(f) v(t) when t > 0.

+ 8

a) iR(O) = 0A
. 4A gV
b O) = 4A C dvdt .= — =4x10"-—
) 1c(0) ) \ Cq X s
d) S:= r|C(R3,L3,C3,0V,dth) Al:= Sy = 13333

e) A2:= Sy = -13333 S’ = (1 13333 —13333 —10000 —40000)

S:= (1 13333 —13333 —10000 —40000)"

D va() = vye(S.Y)

~ 10000+t ~ 40000~tj
va(t) » Vv-\13333e ° -13333e °

- 10000E - 400001
v(t) := 13333-(e S_e vV



X
= sampric(Ra,L4,Ca,0V,—4A ,0A
(AJ pric(R3.L3,C3 )

Simulation
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T -1
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’ --3
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Ex 8.4 Ry = 20kQ L, := 8H Cy4 = 0.125pF

V
S:= I’|C(R4, L4, C4,0V ,98000 g)

s' = (2 0 100.021 200 979.796) S:= (2 0 100021 200 979.796)"

V(t) == v c(S,1)

200-t
979.796-tj TS

v(t) = 100.021-v-s'n(

X
(AJ = simpric(Ry,L4,Cyq,0V,~12.25mA ,0A)

100y
757
- 507
= ) T /\\
55012 3\4 5% 7 891011

- 50"

t (ms)

b)

OL4 = OL(R4-C4) = 200%

wy(R.L,C) = \/wO(L-C)Z—oc(R-C)Z

L1

1
$3(Rg.L4.Cg) = (~200 - 979.796j)

1
w4 = wd(R4,L4,C4) = 979.796g

dvdt = 22T _ g8, 10% Y
C4 S
B, = MU _ 100021V
wq

t
—ag t
Vy(t) .= Bo-e -Sin w4'§, \Y
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AP 8.4 A 10 mH inductor, a 1 yF capacitor, and a variable

resistor are connected in parallel in the "‘"U_ ‘*l ir °
circuit shown. The resistor is adjusted so that co=Vv, L lfﬁ R »
the roots of the characteristic equation are T _ B

_.

-8000 £ j6000 rad/s. The initial voltage on the
capacitor is 10 V, and the initial current in the
inductor is 80 mA. Find

a) R;

b) dv(0*)/dt;

c) B, and B, in the solution for v; and

d) i, (t).
L84 = 10mH C84 = 1pF

a) Given s1(Ry,Lgg.Cgg) = (~8000 + j.6000)@ Rgy := Find(Ry) — > (80000 — 60000)- mF
S s° - [—(—960000000 — 28000000(
Rgy = 62.50
krad
— (- i), — .. krad
s1(Rea- L84, Caa) = (-8 +6)-— 52(Rga:Lea- Caa) = (-8— 6~
—80mA — ;O—V
b) dvdt := 84 = —0.24-l
C84 US
¢) B :=rlc(Rgg,Lgyg.Cgg, 10V, dvdt) B1=10 By =-26.667

8" = (2 10 —26667 8x10% 6x10%)



— 8000-I t 5 - 8000-E {
d) v(t) := 10V-e S-cos((sooo- 5) - 267 V-e S~sin(6000- g)

t X
. 1 =g
IL(1) = ] v(u)du+80mA (AJ = simprlc(Rgy., Lgg,Cgq,10V,80mA , 0A)
84 Jo




Ex 8.5 Ls:= 04H Cg:= 10pF mJ

Given criticallydamped(R4, L4,C4) =1

40H% 40 H°'5]

Rs := Find(Ry) — [—

Rz = (—-4000 4000) 2
05 F05 5= ( )
R4 := 40002
4 Qg = a(R4- C4) = 1x 103l
— V S
Vo = OV dvt := 98000
D := rle(Ry,L4,Cy, Vg, dval) D' = (3 98000 0 1000 1)
D2 = VO Dl = dvdt + OLCd- Dz Dl — 98000% D2 =0
X
— ot — ot = smprlc(Ry,L4,C4,Vn,—12.25mA ,0A
v(t) = Dy te ted +Do-e ted (At) g ( 4>~4-~4-%0 )
40
32
= 24
= 16
8
0

01 2 3 45 6 7

t (ms)

10






AP 8.5 The resistor in the circuit in Assessment
Problem 8.4 is adjusted for critical damping.
The inductance and capacitance values are
0.4 H and 10 yF, respectively. The initial energy
stored in the circuit is 25 mJ and is distributed
equally between the inductor and capacitor.
Find (a) R; (b) V; (c) lp; (d) Dy and D, in the

solution for v; and (e) ig, t > 0.

L5 = 0.4H C5 = 10|J,F

0.5 0.5
Given criticallydarnped(RX,L5,C5) =1 Rg = Find(RX) N [_O.l-H 0.1-H ]

MF0'5

Rg = (-100 100)Q Rg:= 1000

Vo
25mJ 25mJ Lo I:Q_S V
Vo= [S2= =50V i g= |5~ = 250-mA dvdt := — —75x10% =
C5 L5 C5 S
D := rIc(R5,L5,C5,vO,dvdt) D1 = —50000 D> = 50 D3 = 500

D' = (3 -5x10% 50 500 1) D:=(3 -5x10% 50 500 1)T



V(t) = vy c(D,1)

X
= smpric(Re,Le,Cg,Vn, 250mA , OA
(AJ pric(Rs, L5, Cs, Vg )

500-t
a 50000-t
v(t) > Ve ° ( : —50)
: v(t) A-Q
IR(t) = ——— expand —
Rg V
0.67
in(t) 0.4
0.27
xn,O o
------- ~02/ 0
-0.4

t,n-At



AP 8.6 In the circuit shown, R =500 Q, L =0.64 H, P
C =1 puF and | =-1A. The initial voltage i(4)
drop across the capacitor is 40 V and the initial
inductor current is 0.5 A. Find (a) iz(0%);
(b) i,(0%); (c) di (0*)/dt; (d) s4, s,; (€) i (1) fOr
t > 0; and (f) v(t) for t > O+.

Rg := 50012 Lg:=064H  Cg:= 1pF | .= -1A v =40V i g:=05A
X
= smpric(Rg,Lg,Cgr,V~n,i1 A, |
(AJ pric(Re.Lg.Cq.Vco-iL0:!)
Veo
a = — = 80-mA
) TRO= R
b) IcO —|—IL0—iR0——158A
Veo A
¢) dij yg= — = 625
) diLao = .
|  rad
d)  s1(Rg.Lg.Cq) = (~1000 + 7501)-% 52(Rg:Lg: Cg) = (~1000— 750)-
e) Veo
I =lLo— &#o
Re
B :=rlc| Rg.Lg.Cg.Vep: Co B' = (2 40 —2053.33 1000 750)

_ B T
V(1) = vy (B 1) B:= (2 40 -2053.33 1000 750)



1000-t
B 750. (750 — o
fy v(it)->Ve 3 -(40- cos(ﬂ) + —2053.33-sn(@D Bl:=-I+ig=15A

S S

62.5A = 750B2 — 1000-B1 solve,B2 — 2.0-A + 0.083333333333333333333-A

- 1000-I t {
i(t):=1+e S-(l.Scos(?SO 5) + 2.0833-sin(750- gD-A

it)

t (ms)

v(t) formula
——————— v(t) sm
— — i(t) formula
—-— i(t)sm



AP 8.7 The switch in the circuit shown has been in 9 k) a
position a for a long time. Att =0, it moves to

position b. Find (a) i(0%); (b) v,(0%); 80V 15 k() :f

2 pF
(c) di(07)/dt; (d) s s,; and (e)i(t) for t > 0. T
SimsrlC(Rl’Ll’Cl’VCO’iLO’Vf) = iLO(— iLO
Ve <V
CO cO

1
2t [L1-Cq

NN « 2048-8 — 2

(floor(log( . N4N ,2)))
At 2 NS 'S

for ne 0..NN

f «

At

VC %VC +I|_n Cl
Vi — ||_n-R1 - an
— iL + <At
n Ll

I

1

Ve L
augment| — , —
VA

At

S

return




R7 := 8082 L- := SmH Cy = 2uF vi = 100V
. 1 . Vi~V A
a) i(0):=0A b) Vegi= — >80V = 50V didt = D _ 100002
9+ 15 S
R=R =1L
_ 1 0]
R—/——-(4.|_ cR?) 1
C R- |-=.(4L-cR?
- C
> R 1 2-L
s+ —s+ —— = 0 solve,s — roots(R,L,C) := 2:-L
L LcC R+/_4|.-(:-R T cR
B C R+]— _C '
2-L _
- 2-L
.. rad .. rad
d) S:= roots(Ry,L7,C7) S1 = (-8000+ 6000~ Sp = (~8000 - 6000))- ~—
R
OLS(R’L) = Z o7 = OLS(R7,L7) = 8000-: ? Wy = 6000@
By:=1(0)=0 —a7t B, := B
1:=10 e °7" (B sn(wr 1)) 2= 2
—t-ay —t-ay 6000- Bz- rad
By w7-e -cos(t-w7) - Byag-e -sin(t-w7) assume,t = 0s — <
GOOOBZrad A A
= 10000 ~ solve,By — 35 - - gA — 1.667A




i()=e OLTt-(Bl-cos(th) + By sin(w7-1))

8000-t

i(t) — 1.66666666666667-A-e S .gn(%radt)

X
= simsrlc(R-,L-,C~,v~n, 0A, 100V
(AJ (R7,L7.C7.v¢0 )

0 6x10

t,n-At



AP 8.8 Find v(t) for t > 0 for the circuit in
Assessment Problem 8.7.

Bl = 50V BZ = BZ

e 7" (B1-cos(w7:t) + By-sin(wy-t))

—to -t

e ' (Bywycos(twy)-Brwysn(twy))—aze  -(Bycos(twy) + By sin(twy))

200-V-s 200

B
3-srad 2 3

V
Bz- W7 — Bl-OL7 = Og solve,82 —

Ve(t) = v — e OL7't-(Bl-cos(w7-t) + Bo-sin(wy:t))

8000t 200-V-Si n(%radﬂ)

ve(t) —» 100V - e > . 50-V-cos(%radt) +

3



120

100
ve(t)

Xn,O

40

2x10°

41074 6x10”

t,n-At

8x10




