Chapter 7 Enerqgy Storage Elements

Exercises
Ex.7.31
q 82 2<t<4 EIZt—4 2<t<4
|C(t)=1avs(t)=g—l 4<t<8 and  ig(t)=1lv,(t)=08-t 4<t<8
HO otherwise H 0  otherwise
[Rt—-2 2<t<4
soi(t) =ic (t) +ig(t) =H7-t 4<t<s
H 0  otherwise
EX. 732
1 .t
v(t) ——I 7)dr +v(t,) ——I ij(r)dr 12
3
v(t) = 3-[;4d1' -12 =12t -12 for 0O <t <4 In particular, v(4) =36 V.
v(t) :3J'; —2dr +36 =60 -6t for 4 <t <10 In particular, v(10) = 0 V.
v(t):BI:OOdT+O:O for 10 <t
Ex. 7.3-3 Break upintointervals
0 t<1
i =491 I<t<2 now v(t yJ.|dt = 10_4J.|dt
0 t>2
0 o<t<10 v 10'fodt =0
1<t<20 vt v(® 10*[1ct = 0+10*t = 10tV
t>2 O vE v 104J;o¢ 104(2)=_2 10V
Ex. 7.3-4 -+ becausei(t) =0whent<0
LH} __1"'"{-{') v(t):—I_ |(t)dt—f (2+20055t)dt+v(0)—7t+%sm5t—
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Ex.741 W = Yo = 1(2x107)(100)" = 13

ve(0") = v¢(07) = 100V B

t
Ex.7.4-2 w(t) = W(0)+Iovi d O w()= 0 sincev(0)= 0
Firstfind  v(t) =v +/l/J' idt —1O4J' 20t = 2x10%
0 w(t)= J’O (2 10) ()t =2 10"
W(ls) = 2x10%J = 20kJ
b)  W(100s) = 2x10%(100)° = 2x10°J = 200 mJ

EX 743 \vehave V(0 )=v(0 )=3V

_ 1t _elagst _ of 5t _ _ a5t
t) 'Ef_m'(t)dt‘5fose dt+3V=3e"1)+3 =3¢V
@ Nowv(t) = Vg(t)+Ve(t) = 5i(t) +ve(t) = 15> +3¢™ =18V, 0 <t<1

b)) w,(t) = Lovi(t) = L1x2(3*) = 0963

Now when t=02s O Wc(t)|_, = 6.65J
When t=8s 0 W,(t).g 268kJ
Ex. 7.5-1
L L
o—{ a.-r-”’l
HT@ » 9T L oo T, a4 Tl
*_",___'E_J 1 T o1 o
EX. 75‘2 - dV dV | i . )
..‘“5[ vy =V, O d—tlzd—tzEl é:% Il:%IZ
d =+ Li "'_ﬂ'l'l
VJ_%(; FtT . Og . O ,
fromKCL :i=i; +i, = %1%%'25 |2_C1+CZ
Ex. 7.5-3 z V3 11,1 1 _
r ' c, 1ttt G=Yemk
| 1 — - —
_L 3 3 3
—I —af C,=1+C,=1+19 =109 mF
z /3 ot =rilil ye =1910
[ i Co T2 "2 109 Y0 710
Ceq,. _10
“ Co C, then C; =75 MF
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Ex. 7.6-1

02 2<t<4
WM4%ﬁF%14q« and
HO otherwise

[Pt—-2 2<t<4
sov(t):vL(t)+vR(t):E7—t 4 <t <8
H 0  otherwise

Ex. 7.6-2

) 1 ¢ . 1 .t

i(t) :Iﬁovs () dr +i(t,) :iIoVS (r)dr -12
3

it) :31;4dr ~12=12t-12 for 0 <t <4

i(t) :31; —2dr +36 =60 -6t for 4 <t <10
i(t) :3£00dr +0=0 for 10<t
Ex. 7.6-3

i(t) = i(O)+%£v(t) - 0+%J;9t2dt - a°A

Ex. 7.7-1

V= LG = () 4l = et

P=vi=[(1-t)e ] (4t = at(1-t)e™ W

w= Bz = L(Y)(ae?) = 2atey

[Rt—-4 2<t<4

Ve (t) =1i, (t) =08t

H o

In particular, i(4) =36 A.

In particular, i(10) =0 A.

4 <t <8
otherwise
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Ex. 7.7-2

v(t) = Ldg = Lodg
0

t<0 0 <0
2t O<t<1l 1 O<t<1
=1 o) 1cteo e e
0 t>2 0 t>2
0o t<0 B
d
. 2t O<t<1
nowp(t) = v(t)i(t) = %(t—Z) 1<t<2
o e

W(t)=W(to)+J’tt pdt O t<0:W(ty Osincep(tf O

0<t<1: W(t) = J'(:4t dt = 2t?
1<t<2: W(t) = W(2)+ Ilt 4(t-2)dt =2t -8t+8

t>2: W(t) =W(2) =0

Ex. 7.8-1
3 3
:E 3 Le =3+6+5=14mH
L“{ 5 4 5 5
Ex. 7.8-2
T yd
gl g l 20)(5
r ” ! "7 3 L = Goye = 4mH
Leg  ° . e
o
1
Ex. 7.8-3
i =iy,
1 . 1 . . .
i, = = [vdt+i,0), i,= —Jvdt+|2(0) but i,(0) =0 and i,(0) =0
Ly L,
i = ijvdt+ijvdt, now alsoi = ijvdt+i(0) wherei(0)=0
L, L, Lp

DLl: }/Ll-[th: %—1 - L
e e, e
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Ex. 7.10-1

1 ¢t t
v, = —%J-Ovsdt +v,(0) = —2josdt +2
1 1 *
= = =2 v, = (2-101) V , t20 )
RC (1><103)(5oo><10‘6) ° :
_1 -
Ex. 7.10-2
d (0.2sin10t
v = —pcWs o _d(02dn10) o0tV 150
0 ot at =

RC = (20x103)(50x10‘6) =1

Problems

Section 7-3: Capacitors

P7.3-1

V= v(0)+}/Cjidt and q = Cv

O Cv=Cv(0) [idt=Cv(0} it— sincei = constant

0 t= 97O _ 150MC-(R)EY) _ o

i 25mA

P7.3-2 d 1d o1 . :

(1) = cv() = §a12<:os(2t+30): 5(12)(2) cos (2t+30" +907) = 3 cos (2t+1207) A
P7.3-3

(3107®) cos (s00t+45°) = ¢ LI cos(500t-45) = C (12)(500) cos (500t-45+90) = C (6000) cos (500t+45 )

dt

-3
© o307 1 ‘“%uF

Coemo® 2
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P7.3-4

1 t
v(t) =-1mv + T _[ols (r) dr
for Ost<2ns  ig(t) =0 So v(t) = -1 mv.

for 2ns<t<3ns ig(t) = 4pA

t
v(t) = -1 mv + 1 4usdr= -5mV + %ﬂgt
2 pF J2ns 0 PFO

v(3ns) = -5mV +2 I;—': (Bns=1mV

for 3ns<t<5ns ig(t)=—2uA

t
v(t) = 1mv +LJ' —2uA dT =4 mV -
2pF J3ns

UuA O
ot
opF O
v(5ns) = 4mV - Efﬂ HSns= -1 mv
opF O

for 5ns<t i (t) =0 sov(t) remains -1mV.

P7.3-5
00 O<tx<1
| d Ha 1<t<2
it)=C—v(t) =
@) dt ® 5—4 2<t <3
Ho  3<t

1 .t. t,
(b) v(t) =EIO| () dr +v(0) =, (r)dr
For0<t<1,i(t)=0A so v@):EOdr+0=OV
For1<t<2,i(t)=4t-4A v(t):I;(4T ~4)dr +0=(2r" —4r);:2t2 —4t +2V
v(2):4(22)—4(2)+2:2 V. For2<t<3,i{t)=-4t+12A s0
v(t):I;(—4T +12)dr +2 =( -2 +12r)i+2: —2t? 42t 44V
v(3) :—4(32 ) +12(3)-14=4 V

For0<t<1,i(t)=0A sov(t):'[QOdr +4=4V
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P7.3-6

00 0<t<2
@ i) = Cd—v(t) 1 2<t<6
Ho  6<t

_1lp
(b) v(t)—EIO 7)dr +v(0 Zf
For0<t<2,i(t)=0A so Vt =2J'OOdT+O=OV
For2<t<6,i(t)=0.2t-0.4V so

t t
=2[ (0.2r -04)dr +0 =(0.r* -0 ) | ~02° 08t 408V

v(6)=0.2(62)—0.8(6) 408232V . For6<t,i()=08A s V(t)=2 f; 0.8d7 +3.2 =16t -6.4 V

P7.3-7
v(t) =v(0) + ¥ I;idt =25 + 25 ><104I(: (620)etat = 25+150I(: eldt= 25+ 1505—(%)&“5;

v(t) = 50- 255t v

P7.3-8 .
Lt ip= L = 1(12¢?)mA = 251-2¢2

1= o = e = pA
. 200k L 2((Jjo 40( ) 3 )
L i = CFY = 10(-2)(-10e™) =200e'pA

Oi = it i.= 200e% 25 50e2
= 25 + 150e%'pA
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Section 7-4: Energy Storage in a Capacitor

P7.4-1
Capacitor Current, Voltage and Power
_||Ir T T T T T T T
6 L
5 L
,_-'1 L
3 L
2 L
’] L
D 1 1 1
0 1 2
time. 5
Energy Stored in the Capacitor, J
25 T T T T T T T
20F
15+
10+
5 L
[:] 1 1 1
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These plots were produced using three MATLAB scripts:

capvol.m function v = CapVol(t)
if t<2
v=0;
elsaf t<6
v =0.2*t*t - .8*t +.8;
else
v=1.6*t-6.4;
end

capcur.m function i = CapCur(t)
if t<2
i=0;
elseif t<6
i=.2*t- 4;
else
i =.8;
end

c74pl.m t=0:1:8;
for k=1:1:length(t)
i(k)=CapCur(k-1);
v(K)=CapVol(k-1);
p(k)=i(k)*v(K);
w(K)=0.5*v(K)*v(k);
end

plot(t,i,t,v,t,p)

text(5,3.6,'v(t), V")

text(6,1.2,'i(t), A"

text(6.9,3.4,'p(t), W")

title("Capacitor Current, Voltage and Power")
xlabel('time, S)

% plot(t,w)
% title('Energy Stored in the Capacitor, J)
% xlabel('time, S)

P7.4-2
i = c‘;‘t’ = (10x10°®) (-5) (~4000)e " = 02~ A
i.(0)=02A i(10ms) =85x107°A
W(t) = 1cVz(t) v(0) =5-5° =0 w(0) =0

2
v(10mg) = 5-5¢7 = 5 - 424 x10™® 5 W(10) = 125x10™*J
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P7.4-3 i(ty = Cdv, /dt soread off slope of v, (t) to get i(t)
P(t) = v (b)i(t) so multiply v, (t) & i(t) curvesto get p(t)

Efm,&]
T
-|I | T -}-t
-4:}4[_.__,_5
P{MH]A
L 3o
A1 _
s / i —— = E
- Tos

P7.4-4 v (t) =v.(0) + %I;idt = v, (0) + %J'; 50 co: 10t+%)dt = S/C(O)—%sin%% + %sin(lOH%)

Now since v¢(t),, =0 O v¢(0) :725in776

0 ve(ty 5 sin(10t+777) v
0 Wina %cwim =1/(2)(25)" = 6.25u

i - i : m/ = = =
First non-negative t for max energy occurs: 10t + % % Ot %O’ 0.1047 s

P7.4-5 W 10t
W = }/CV 0 v_,/ 40 457

v(01F 40V5et= 5425V

c v 5t) = L ght
(-5) (40v5 ™) = —
/t ) ( ) \/g
. 1 -
0 i(01)= —=e ¥ - 02712 A
V5
P7.4-6 Max. charge on capacitor = Cv = (10pF) (6V) = 60pC
At = % - e _ 6 secto charge
i 10pA  —

stored energy = W = %c:v2 = %(mw:) (6V)? =180u J
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P7.4-7 -
P(At) = (15x10°W) (1hr)(60mm 00SC | 541083
1hr 1min
1>
w==>-cv?o c=2W
2 X/Z
2(5.4x106)
C= ——* =432F
(500)
6 3
size of capacitor = (43.2F) 10°HF | [ 1cm
F 100pF
Im 3
size = 4.32x10° cm® () = 0432 m°
100cm -

Capacitor may be practical, it depends on size of car! Would be 76 cm on a side- pretty large!

Section 7-5: Series and Parallel capacitors

P7.5-1
2UF | 4uF = 6uF
6uF in serieswith 3uF = OuF3uF =2
6uF+3uF
i(t) = 2%% (6c0s100t) = (2107°) (6) (100) (~sin100t) = —1.2 sin100t mA
pP7.5-2 AuFAuF

AuF in serieswith 4uF = W =

2 UF | 2uF = 4uF
4uF in serieswith 4uF = 2uF

i(t) = 2uF %(3+Se_250t) = (2m07%) (0+3(-250)e 2!y = 1.5M 2 20 A = 1.5 0 mA

oo .. ClC _ C

P7.5-3 Clnserleswnh(:_ﬁ =5
C_5
cle|5=2c
2 2

CEC
CinserieswithEC= [% =§C
2 c#c 7

(250"3)cos 250t = gc %(14 sin 250t ) = @?c@(m) (250)cos 250t

s02500°% = 2500C 0 C=1010"° = 10uF
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Section 7-6: Inductors

P7.6-1 Find max. voltage across coil:
v(t) = L 9V, = 200 F00(400)cos 400t5 V
O Vpax= 8 10°V
thus have afield of BXIOG\%m =4x10° \%1 which exceeds dielectric strength in air of

3x10% V/im O will get adischarge as the air isionized.

P7.6-2 . .
1 y v = LA/ +10i
—) oL ol H
+n—-—"\-'W—\_.£_.1;—ﬂ = (1) (4e ' -4te™) + 10(4te™)
W a = 04et +396tetV
P7.6-3
0o O<tx<1

_d... 04 1<t<2
@ V(t)—La'(t)—E[_Ar 9 <t <3
Ho  3<t

. 1 . t
() i(t) :IJ'OV(T) dr +i(0) :Iov(r) dr
ForO<t<1,v(t)=0V s0 i(t)=J’;0dT+0:0A
For 1<t<2,v(t) = 4t- 4V s0 i(t):I;(4r ~4)dr +0 =(2r* —4r):tL:2t2 —4t +2 A
i(2) :4(22)—4(2) +2=2 A
For2<t<3v(t)=-4t+12V s0
i(t)= J’;(—4T +12)dr +2 =( -2 +12r);+2= 2t 42t 14 A
i(3) =—4(32 ) +12(3)-14=4 A

ForO<t<1,v(t)=0V s0 i(t):J'QOdT +4=4A
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P7.6-4
v(t) = (250010°°) % (120010"%) sin(500t —30°) = (.25)(.12)(500) sin (500t —30 +90 ) = 15 sin (500t+60 )

. 1 gt
P7.6-5 0=z J’O ve(T) dr - 2uA

for Ost<lpus vg(t)=4mv

. 1 t

i )= AmV dr - 2uA = — t—2uA
0= 5 Io A T
. M mv_ [ 6

iL (1us)= —usq—- 2uUA = - — UA

L (1lus) 5 mH HSB ] M

for lus<t<3us vg(t)=-1mV

iL®=

t
J'l -ImVdr -— puA=- mi\l-/| (t-1ps) ‘§HA oamvo SuA
S

1 6 1
5mH 5 5m 57 " HsmHb
i (3us)—H—1m—V[3usH—1uA guA

8
for3us < t v (t)=0 soi (t) remains "z UA

_ . mA
for O<t<1 t :1fEﬂD* )=1——o
or ps ig(t) s dtIS( ) us

so v(t) = (2kQ)%I.—|]I+4mI-E1—[| T E t+4V
sO

for Lus<t<3us ig(t)=1mA O a is()=0

50 v(t) = 2kQIMA + 4mHD = 2V

for 3us<t<5us ig (t) =4mA- %Bt
O HsSO

—ls(t)——lﬁ and (1) =4V - 2V Et
us Hust

when 5us<t< 7us  ig(t) = -1mA and %is(t) =0
sov(t)=-2V

when 7us<t<8us ig(t)=1 %[ﬂ - 8mA
us

d mA

— t 1 —

S0 |S() s
andv(t)=-12V + E,!LV%'[
oHsO

when 8us<t, thenig(t) =0 O %is(t) =0

so v(t)=0
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P7.6-7 S50, logmH

M 1
de v (*-?sa R e~ *mag  vm-e

KVLa: -3 + vy, + 1( ) [V1+ Ole'ZOOt} =0

—37200t 4 o200t _ 47200t R[so _,__01} e 200t —

—24+R(03)—0DR—% 80Q

P 7.6-8
00 O<t<2
@ V(t) = L—I(t) B 2<t<6
HO 6<t

(b) i(t):%fg T)dr +i( 2I

ForO<t<2,v()=0V so i t :2J'00dr+0:0A

For2<t<6,v(t)=02t-04V s0

t t
=2[ (0.2r -04) dr +0 =(0.2* -0 ) L7021 08t +08A
i(6)=0.2(62)—0.8(6) +0.8=32A.

For6<t,v()) =08V s i(t)=2[ 0807 +3.2=16t ~64 A

Section 7-7: Energy Storage in an Inductor

pP7.7-1

0 t<0
v(t)= 100Eﬂ03(;jt i(t) {04 0<t>1
0 t>1

0 t<0

p(t):v(t)i(t):&1.6t o<t<l

0 t>1
0 t<0
W(t)='[; p(t)dt =<0.8t>  0<t<1
0.8 t>1

Y
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P7.7-2
p()=v(t) i(1) = %(49 n 2t)§( Asin2t) = 5 (8 cos 2t) (4 sin 21)
- 80[2 cos 2t sin 21] = 80 [Sin(2t+21) + sin(2(—21)] = 80 sin 4t W

W(t):J'; p(r)dr = 80J’;sin4r ar =- 87? [cos 47 5] =20 (1 —cosAt)

P7.7-3
6

o1 t _ . to .
i(t)= WIOG cos 100t + 0= =0 [sin 1007 |,] = 2.4 sin 100t

p(t) = V(t) i(t) = (6 cos 100t)(2.4 sin 100t) = 7.2 [ 2(cos 100t)(sin 100t) ] = 7.2 [ sin 200t + sin 0] = 7.2 sin 200t

! t 72
W(t) :Iop(r) dr :7.ZIOSin 200rdr =~ o5

Section 7-8: Series and Paralld Inductors

P7.8-1
|| an = HEH
6H+3H

2H + 2H = 4H

6

N B . .
= J’O 600s1007 dr = - Fin100r = 15%in 100t mA

pP7.8-2

4mH + 4mH = 8mH

_ 8mHBmMH _ amH

8mH | 8mH = =
8mH+8mH
4mH + 4mH = 8mH

v(t) = (8107%) % (5+3e72%')(107®) = (81D °) (0+3(-250)e ®*') =6 mv

P7.8-3
|_|||_ = LI = L
L+L 2
LeL+l =21
2 2
5 d 3 5 3
25 cos 250t = > L & (1400°sin 250t) = EL (14107)(250) cos 250t
so L= L =286 H

2(14|ZI10'3) (250)

Feos 200r [oH= 0.036[1 - cos200t] J = 36 [1 —c0s200t ] mJ
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Section 7-9: Initial Conditions of Switched Circuits

P7.9-1

LLfe.ﬂ %)
12V (2 V(o) =12V %41:::1
f.fc:'o"),fm,q
J\J\J "

V (00) =<t V 4 g

P7.9-2 ;.f’ﬁ’?' A

4@ v fo) bV %bkﬂ_ Zpa

G rm) LS mA

w Sv }bkﬂ.ugk’ﬂ.:zkn
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P7.9-3

Lk Y =

[E——

2V V.co)=o b k<2,

Sk Ceo) = £ ma
=

_!-
v, (00)= 3 le k2

P7.9-4 at=0" _
KVL: —v,(07)+32-15=0
0 v(03 v, (05 17V
at t=0" ?’_h
_L '
EFF — |'|'v v Gk TmA = |‘|,., %”ﬁ Hm A
L;J’I .

Wyg ks

I -E';_ . %-ﬁj
1 FF_;FL; >V

KVL: 95 + (290)i;-82+17=0 D i (0'F 6mA

. dv (0" dv.(07) 6mA
Nowi.(0*) = C Coft ) g i = 3V o
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P7.9-5 at=0"

g1
at steady - stat
——Mm [ q."'ﬂu, y e_ .
Y . V,(07) = v (0") = 16V
—at 16
(g vean  ad i(0) =i (0)=77=8A
at=0"
g
s -
le. 1 o
PJ = Y YEA KL ~16+v, +82) =0 0 v (0'F 0
5&) eV KCL at P —5—ic—1—86:0Dic(0):—7A
.l KCLatQ 5+i-8=0 Oi(0F 3A
@
dL(0) _ Vi) _ o g Me@) _ 00 _ T _
Then =L 3 0and =< c 35 As
P7.96 =0
v,(07) = (15)10 =150V i.(07)=0
v.(0) = OV iL(07) = 108
Vg(07) =15(-10) = -150V io(07) = -10A
V,(0*) = v (07) =150V i (0) =i, (07) =10A
vg(0%) = —6(15) = —90V io(0%)= 4A-10A =-6A
VL(0%) = Vg(0)+v,(0") =60V i,(0") = in(0")+10A

= 4A

Section 7-10: The Operational Amplifier and RC Circuits

P7.10-1

t —
V(D) = _%.[o v (T)dT +v,(0) = ! I 120081007 dr +0

(20m0°) (2m0°%) Jo

(12 sin 1007 [ .
=-25 = -3sin 100t
H 10 0, sn
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P7.10-2

P7.10-3

VP 7-1

1 -1 t
= - + = - - =
V()= ~ e Io v (1) dT +v,(0) 20 IO 4dt +0 = 2000t 0<t< 3ms
Vo(3ms) = (210%) (3107%) = 6
1 t
= - + =
Vo() = ~ 26 _Is Odr +6=6 t>3ms
250t = — t—5 dt , when 0<t<20ms= — ¢
RC Io ' RC
© 250 =2 0 Rc= 2= 1
RC 250 50
LetC=1uF thenR= — = = 20010° = 20kQ
50(10°°)
Verification Problems
s 1
at=1 0.025 2 -5 * 0.065
at=3 ~3 00652 2 0115
25 50
-055 # —-0485

VP 7-2

The equation for the inductor current indicates that this current changes instantaneously
at t = 3s. This equation cannot be correct.

We need to check the values of the inductor current at the ends of the intervals.

at=1 -+ + 0025 2 -1 1003 Yes
200 100

at=4 -2 +0032 %003 No
100 100

The equation for the inductor current indicates that this current changes instantaneously
at t = 4s. This equation cannot be correct.
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Design Problems

30
2+R

DP7-1 Wehave i(0)=

Both relations above are satisfied for R = 4Q

=5 & v(0)= ——30=20
2+R

which becomes

by voltage division:

v (07) = (16)20 =740 R _27Q
16+R

Theni, = (20) = 46A
27+16

Check with current division

8

)il =37A 0 iz 46A
2+8

iL(0) = (
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DP 7-3 at=0"

V8 3o
1
oy | v(0) = Ve
L 4e) =0 Vio)
at=0"
dv(0* i.(0" o o

Now <(jt) = (C) and i, (07) =i (0") =0
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