Chapter 7 Energy Storage Elements

Exercises

Ex. 7.3-1
2 2<t<4

. d
zC(t)zlgvS(t)z -1 4<r<8 and
0 otherwise
2t—=2 2<t<4
so i(t) =i, (t)+ig(r)=q 7T-t 4<1<8
0 otherwise
Ex. 7.3-2
1 1
v(t):EJIOlJ(T)dT+v(t0)—TJOIS(”L’)dT—IZ

v(it)=3[ 4dr—12=121-12 for O0<r<4
0
v(t):3ﬂ—2dr+36=60—6t for 4<r<10

v(z):3jl’00dr+0=0 for 10<t

Ex.7.3-3  Break up into intervals

0 t<l1
i=4<1 I<t<2 now v(t) = v(0
0 t>2

0<t<l = v(t) = 10*f0di = 0

2t—4 2<t1<4
io(t)=1v (r)=4 8-t 4<r<8

0 otherwise

In particular, v(4) =36 V.

In particular, v(10) =0 V.

/., L
) + 4 .[oldt = .[oldt

1074

I<t<2 = v(1) = v()+10* [1dt =0+10*1 = 10tV

(>2 = v(()=v(2)+10° [0dt=

Ex. 7.3-4

-+
w) T V)

10*(2) =2x10*V

because i(t) =0 whent<0

v(t) = l.[’ i(t)dt = l-'-’(2+2(:os S5t)dt + v(0) = gt + l sin5t l \%
cJ- 5Jo 5 25 5

136



Ex.741 W= oy’ = 1(2x107)(100)° = 13

v.(07) = v(07) = 100V B

t

Ex.7.4-2 w() = w(o)+j0 vidd = W(0) = 0 since v(0)
. _ Lot _ 4
Firstfind  v(t) —V(O)+%J‘01dt =10 JOZdt = 2x10%

L W(t) = L:(leo“)(z)dt =2x10*"

=0

W(ls) = 2x10*J = 20kJ

b)  W(100s) = 2x10*(100)° = 2x10°J = 200 mJ

EX.743 e have vi0*) = v(0T) = 3V

V() = éj_;i(t)dt = 5.[0[3e5‘ di+3 V=313 =3¢™ V

a)  Nowv(t) = vg(t)+v(t) = 5i(t)+v(t) = 15> +3e™ = 18¢™ V, 0<t<1

b Wi(0) = Lovi(t) = Ix2(3e")" = 09e!3

Now when t=0.2s = W, (1] _, =6.65]

When t=8s = W,(t)|,_g =2.68k]J

Ex, 7.5-1
& L
I ﬁ_ = ’_'nj, = iz A —4mF
q
f—",_i_j —1 T —1 -
Ex. 7.5-2 + _ dv; _ dv, Wi Q.
l}ﬂl ' Vl—V2 = E—F = Cil—cizﬁ ll—alz
TRT L —
Yo =€ c .
'T T fromKCL:i=1i, +i, = é+l i, = i2=C1+2Czi
Ex. 7.5-3 Z lf; 1 N 1 N 1 = C, = 19mF
| C 1 1 1
s [ 1 — il il
_I_ 33 3
— | =13 C,=1+C, =1+1/9=10/9 mF
< so b=l b e~ 1910
P.—“r’ PT” Co "2t 2 ign VG =1
1
C&‘ Cq C‘I then C, T mF
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Ex. 7.6-1

2 2<t<4 2t—4 2<t<4
vL(t)zléiS(t)z -1 4<r<8 and ve(1)=1i (r)=4 8—1 4<r<8
0 otherwise 0 otherwise

2t=2 2<t<4
sov(t)=v, (t1)+v,(t)=3T7T-t 4<r<8

0 otherwise

Ex. 7.6-2
. L . 1 ¢t
i(1) :ZLOVS (r)dr+i(t,) :TJ.OVS (r)dr—12

i(z):3ﬂ4d1—12:12t—12 for O0<t<4  Inparticular, i(4) =36 A.

i(t):3ﬂ—2dr+36:60—6t for 4<t<10 Tn particular, i(10)=0 A.

i(t):3jl’00dr+o:0 for 10<t
Ex. 7.6-3

. . 1t 1t
i(t) = 1(0)+IJOV(‘) = 0+i[0 or2dt = 303 A

Ex. 7.7-1

= L = (1) o) = e

P=vi=[(1-t)e™ | (4te™) = 41(1-9e™ W

W= YL = %(%)(4&?)2 = 2le Mg
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Ex. 7.7-2

v(t) = LA = %di/dt

2t O<t<l 1 O<t<l1
i(t) = v(t) =
—2(t—2) I<t<?2 -1 I<t<?2
0 t>2 0 t>2
0 t<0 o
2t O<t<1
now p(0) = v (Vi1 2(t-2)  I<t<2

0 t>2

W(t) = W(ty )+J[ pdt =  t<0: W(t) = 0 since p(t) = 0
t

t
0<t<l: W(t) = jo4t dt = 2¢%
t
1<t<2 : W(t) = w(1)+J. 4(t=2)dt =2t> — 8t +8
1

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

Ex. 7.8-1

3 3
' | Ly =3+6+5=14mH
3 =
3> % 7= b
r :ﬂ ::}
5 s

4 5 r

Ex. 7.8-2

2o = . - 20O6) _
4 12 3 L 045 4mH

Ex. 7.8-3
=1 +i,
i = L'[vdt +,(0), i, = L'[vdmz 0) but i,(0)=0 and i,(0)=0
L, L,
. | 1 . 1 . .
so1= —J-vdt+—J-vdt, now also i = —Jvdtﬂ 0) where 1(0)=0
L, L, Lp

1 1
.,.ilz/LJ”“: o
LI
1 vdt + L,+L

/Lp L7 /L, ==
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Ex. 7.10-1

1 rt t
Vo =~ e oyl + vo(0) = —2_|'05dt+2

ot

- I ) - oo
RC "~ (1x10°)(500x10°) R VAR

Ex. 7.10-2

d (0.2sin 10t
v, = —RC ddvts = —1(;"1) = —2cosl0tV, 20

RC = (20><103)(50><10*6) =1

Problems

Section 7-3: Capacitors

P7.3-1

v = V(0)+%:Jidt and q = Cv

s Cv= Cv(0)+_[idt = Cv(0)+it < since i = constant

C_ q—qv(o) _ 1S0uC—(I5uF)(sV) _
1 25mA

P7.3-2 d 1 d |

i(1) = cpv() = ga12cos(2t+30")= 5(12)(2) cos (20+30°+90°) = 3 cos (2t+120°) A
P7.3-3

(3107) cos (500t445°) = C % 12 cos (500t-45") = C (12)(500) cos (500t-45+90) = C (6000) cos (500t+45")

103

SO [ —
6100 2
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P 7.3-6

J 0 O<t<?2
(a) i(t)=CEv(t)= 0.1 2<r<6
0 6<t

| t,
(b) v(t):EIol(T)dT+V(O):2.[ol(T)dT
For0<7<2,i(t)=0A so v(t)=2j0'0dr+0=ov
For2<t<6,i(t)=021-0.4V so

d t
v(1)=2[ (0.20-0.4) dz+0=(0.2¢> - 0.87) =021 -081+0.8V

v(6)=0.2(62 )—0.8(6)+O.8=3.2 V. For6<ri)=08Aso v(f)= 2[;0.8 dt+32=1.6t-64V

P7.3-7

(1) = AN 104 [ (6x107)e®tat = 25+ 150 e Stai= 25+ 150~ (1)t |
v(©) = v(0) + G| it = 25 + 25x10" | (64107 ) de = 254150 | ¢ dt= 25+150] - (Y7 )e .

v(t) = 50-25e7% v

P7.3-8 ,
¢ & i = — = i(l—ze‘z‘)mA = 25(1—2e_2‘)].LA
, 200k ST 2‘210 40
L ic = cd% = 10(-2)(~10e™") = 2007 'pA

ci= i+, = 2007 +25 — 50e7
= 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
Br e
.-/.'/
gl ;
,_1 L
3 L
2 L
’] L
D 1 1 =
0 1 2
time. 5
Energy Stored in the Capacitor, J

25 T T T T T T T

Ell

o

10+

5 L
[:] 1 1 1
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These plots were produced using three MATLAB scripts:

capvol.m

capcur.m

c7s4pl.m

function v = CapVol(t)
if t<2
v=0;
elseif t<6
v = 0.2%t*t - .8%t +.8;
else
v =1.6%t-64,
end

function i = CapCur(t)
if t<2
i=0;
elseif t<6
i=.2%t - 4,
else
1=.8;
end

t=0:1:8;

for k=1:1:length(t)
i(k)=CapCur(k-1);
v(k)=CapVol(k-1);
pk)=i(k)*v(k);
w(k)=0.5*v(k)*v(k);

end

plot(t,it,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.(0)=02A

= (10><10‘6) (~5) (~4000)e 400"

i.(10ms) = 85x10™° A

W(t) = —

v(10ms)= 5-5¢ =5 - 424x107"% =5

v(0) = 5-5¢% =0

= 02e7%" A

w(0) =0

W(10) = 125x107*J
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P7.4-3 i(t) = C dv, /dt so read off slope of v, (t) to get i(t)

P(t) = v, ()i(t) so multiply v (t) & i(t) curves to get p(t)

i-,{mA]T
+ o
-|J I T * -t
4ol
|
P} .
L oo
‘_..af,4 ,A -'—-'—""'d_'-t
A= 4 i — 2
.'Io.:u./

P7.4-4 v (t) =v (0) + yCJ-'idt =v. (0)+ ! J-’SO Cos(10t+%)dt = [VC(O)—%sin%} + %Sin(lOH%)
Now since v(t),, = 0 = v¢(0)=¥}sinT/
vc(t)=7 sin (1047 ) 'V
Wow = YO =/2)(25 = 62501

: neoafi : /T =/ =
First non-negative t for max energy occurs : 10t + % = A =>t= AO 0.1047 s

P7.4-5 ’ —10t
/CV =>v—1/2W 40\/§e

v(0.1) = 4045 M) = 5425 v

(1) = €Yo = (107) (-9 (1045 o) = et

. 1 _5(.1)
i(0.1) =—=e = —-02712 A
-5
P7.4-6 Max. charge on capacitor = Cv =(10uF) (6V) = 60uC
At = ﬂ = 60uC = 6 sec to charge
i 10pA

stored energy = W = %CVZ = %(IOLLF) (6V)2 =180uJ
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P7.4-7

P(at) = (L5x10°W) (1hr) (60‘““‘) [605%

= 54x10°]
1hr

Imin

I,
W= _C’=C=2VW
2" £

2(5.4><106)
C= ———5 > =432F
(500)
6 3
size of capacitor = (43_21:) 10°uF || lcm
F 100uF
i 5 3 1m 3 3
size = 432x10°em’® | ——— | = 0432m
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 H 4uF = 6uF

. . . 6UF-3uF
6uF th 3uF = ———— =2uF
UF in series with 3y GUF+31IF il

i(t) = 2uF % (6¢c0s100t) = (2-10_6) (6) (100) (—sin100t) = —1.2 sin100t mA
P7.5-2 N 4UF4uF

4uF in series with 4uF = m = 2uF

2 UF | 2uF = 4uF
4uF in series with 4uF = 2uF

i(t) = 2uF %(3+3e_250[) =(2107%) (0+3(=250)e ) = —1.5107 e 2" A= =15 mA

P7.5-3 Cin series with C = cc _ ¢
St TSR
C 5

clcls =3¢
2 2
5
C=2C
C in series with éC= 25_ :é
C+‘§C 7

(251073)cos 250t = %C %(14 sin 250t ) = [gc ](14) (250)cos 250t

5025107 =2500C = C = 10107 = 10uF
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Section 7-6: Inductors

P7.6-1 Find max. voltage across coil:
v(t)=L d%[ =200 [100(400)cos 400t] V
Y Vo = 8Xx10°V
thus have a field of 8><106\%m =4x10° % which exceeds dielectric strength in air of
3x10% V/m - will get a discharge as the air is ionized.
P7.6-2 .
i o v =LA +10i
~3 lorr olH t
e Py g e = (1) (4e ' —dte™") + 10(4te™")
+ -
4 =04e " +39.6te 'V
P7.6-3
0 O<r<l
d . 4 1<t<?2
@ v(t)=L—i(t)=
dt -4 2<t<3
0 3<t

: 1 : '
(b ,(t)zzjov(f)dr+l(o):j0v(f)df
ForO<t<1,v()=0V so i(l‘)=J:0dT+O=OA
, t

For 1 <t<2,v(t)=4t-4V so i(:)=j0(4r—4)dr+0=(2r2—4r)1=2z2—4z+2A
i(2)=4(22)—4(2)+2=2 A
For2<t<3,v(t)=-4t+ 12V so

, t
i(r)zjo(—4r+12) dr+2=(-27"+127) 1+2:—2t2+12t—14 A
i(3)=—4(32 )+12(3)—14=4 A

ForO<t<1,v()=0V so i(t)=f;0dT+4=4A

147



P7.6-4
v(t) = (250 - 1073) % (120- 1073) sin(500t — 300) = (.25)(.12)(500) sin (500t — 30 + 900) =15 sin (500t+60°)

t
ve(t)dT — 2uUA

. 1
P7.6'5 lL(t) = Sﬁ JO

for O0<t<lus vg(t)=4mV

4 mV
it—— 4mVdr — 2uA = t—2UA
LO X " (5 mH] [
ip (lus)= (2 1u] 2,uA=—g,uA
for 1us <t<3us v (t)=-1 mV
1 t 6 1 mV 6 1 mV
ip ()=—— —-lmVdr - — A=—f— t—1pus) — — uA=| ——— (t—1uA
L ® 5mHLus s smH (T TSH [Sm] H

i ( 3,us)=[ —%2—;-3;5 ]— 1UA = —g LA

8
for3us <t v (t)=0 soi (t) remains -3 UA

P7.6-6 v(t) =2kQ-i_ (t) +4mH- d

it i; (t) (in general)

for O<t<l s ig(0) =1 Mo 94 (9= DA
us dt us

50 V(t) = (2&)[1'“] t+4 mH[l mA] [ZV ]t v 4V
us uis us

for 1us <t<3us i (t)—lmA:>;i ig()=0

so v(t) = 2kQ-1mA + 4mH-0=2V

for 3us<t<Sus i, (t)= 4mA—(1mA ]t
us
so Lio=1M and v =4V [2\’]
dt us us

when Sus <t<7us  ig(t) = —-1mA and %is(t) =0
sov(t)=-2V
when 7us<t<8us i (t)=1 %-t — 8mA
us

d =1 mA
dtls us

and v(t) = —12V+(2V]
us

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

so v(t)=0
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P7.6-7 S0 loomH

st
3¢V Vi/ap R Ioe‘lmmﬂ

Vi

KVLa: -3 4y, + 18 (j + R[Vl+ .01e—2°°‘} =0

dt \ 50 50

372000, 72000 _ 4 =200t R[Sl()+'01i| 02000 _

—24 +R(.03)=0=R = % = 80Q

P 7.6-8
0 O<tr<2
(a) v(1) =Lii(t) =401 2<t<6
dt 0 6<t

. 1 . !
(b) l(t)zz.l.ov(f)dTH(O):ZJOV(’L')d’L'
For0<1<2,u(1)=0V so i(t):zf;0d1+0=0A

For2<t<6,v(t)=0.27-0.4V so

' t
i(t)= 2j0 (0.2r-0.4) dr+0=(0.2¢>-0.87) 1=o.2r2 ~0.81+0.8 A
i(6)=0.2(62 )—0.8(6)+O.8=3.2 A.

For6 <4 v()=08 Vso i(r)=2[ 0.8dr+32=1.61-64 A

Section 7-7: Energy Storage in an Inductor

P7.7-1
0 t<0
v(t)=100-107 " i(t)=104  0<t>1
0 t>1
0 t<0
p(t)=v(t) i(t)=11.6t O<t<l
0 t>1
0 t<0
W()= [ p()dr={082  o<i<l
0.8 t>1

vi(t) = eV
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P7.7-2
p®=v(t) i(t) = |:5%(4sin 2t):|( 4sin 2t ) = 5 (8 cos 2t) (4 sin 2t)

= 80 [2 cos 2t sin 2t] = 80 [sin(2t+2t) + sin(2t—2t)] = 80 sin 4t W
1 12
wm:jo p(t)dr = SOJ0 sin4t d7T =- ? [cos 47 |y]= 20 (1 - cos4t)

P7.7-3

. 1 !

6

(251073)(100) [sin 1007 IB] =24 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 t 7.2
W(t) =J‘0 p(r)dr = 7.2]0 sin 200tdt = — 200 [cos ZOOTIE)J =0.036[1—-c0s200t]J =36 [1 — cos200t ] mJ

Section 7-8: Series and Parallel Inductors

P7.8-1
H-3H
6H||3H = OH3H - _ oy
6H+3H
2H + 2H = 4H
. L[t . t .
0= J;) 6cos1007 dT = o [sin100zlh ] = 15sin 100t mA
P7.8-2
4mH + 4mH = 8mH
gmH [ 8mH = SmASMH _ ) oy
8mH+8mH

4mH + 4mH = 8mH

v(t) = (8107%) % (5+3e291073) = (8107) (0+3(~250)e 2t =—6e 20t v

P7.8-3
L”L = i — E
L+L 2
L+L+ E = é L
2 2
5 d 3. 5 3
25 cos 250t = 5 L a (1410 sin 250 t) = EL (14-107)(250)cos 250t
so L= 52—5 =286 H

E(14.10*3)(250)
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