
 136

Chapter 7     Energy Storage Elements 
 
Exercises 
 
Ex. 7.3-1 
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Ex. 7.3-2 
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Ex. 7.3-4 
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Ex. 7.4-1 
 
 
 
 
Ex. 7.4-2 
 
 
 
 
 
 
 
 
 
 
 
Ex. 7.4-3 
 
 
 
 
 
 
 
 
 
 
 
 
Ex. 7.5-1 
 
 
 
 
 
 
 
Ex. 7.5-2 
 
 
 
 
 
 
Ex. 7.5-3 
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Ex. 7.6-1 

( ) ( )
2 2 4

1 1 4 8

0 otherwise
L s

t
d

v t i t t
dt

< <
= = − < <


  and  ( ) ( )
2 4 2 4

1 8 4 8

0 otherwise
R s

t t

v t i t t t

− < <
= = − < <


 

so ( ) ( )
2 2 2 4

( ) 7 4 8

0 otherwise
L R

t t

v t v t v t t t

− < <
= + = − < <


 

 
Ex. 7.6-2 
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Ex. 7.7-2 
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Ex. 7.10-1 
 
 
 
 
 
 
 
 
Ex. 7.10-2 
 
 
 
 
 
 
 
Problems 
 
 Section 7-3:   Capacitors 
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P7.3-4 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
P 7.3-5 
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P 7.3-6 
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Section 7-4:  Energy Storage in a Capacitor 
 
 
P7.4-1  
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These plots were produced using three MATLAB scripts: 
 
capvol.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 - 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 

 
c7s4p1.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') 
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P7.4–3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
P7.4-4 
 
 
 
 
 
 
 
 
 
P7.4-5 
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i(t) =  C dv / dt so read off slope of v  (t) to get i(t)

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

c c
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P7.4-7 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Section 7-5:  Series and Parallel capacitors 
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dt

µ µ µ

µ µµ µ µ
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µ −
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3 6

C C C
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C+C 2

C 5
C  C    

2 2
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5 d 5
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⋅
=
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Capacitor may be practical, it depends on size of car! Would be 76 cm on a side- pretty large ! 
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Section 7-6:  Inductors 
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L
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P7.6-4 
 
 
 
 
P7.6-5 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
P7.6-6 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3 3d
v(t) = (250 10 )  (120 10 ) sin(500t 30 ) = (.25)(.12)(500)  sin (500t 30 90 ) = 15 sin (500t+60 )

dt
− − ° ° ° °⋅ ⋅ − − +

t

sL 0

s

t

L
0

L

s

1
i (t) =   v ( ) d   2 A

5mH

for     0  t< 1 s     v  (t) = 4mV

1 4 mV
i (t) =  4mV d    2 A  =     t 2 A

5mH 5 mH

4 mV 6
i  ( 1 s ) =   1 s   2 A =    A

5 mH 5

for 1 s t< 3 s     v (t) = 1 

 

τ τ µ

µ

τ µ µ

µ µ µ µ

µ µ

−

≤

 − −  

 ⋅ − −  

≤ −

∫

∫

L
1 s

L

s L

mV

1 6 1 mV 6 1 mV
 i  (t) = 1mV d   A =     (t 1 s)    A = t 1 A

5mH 5 5 mH 5 5 mH

1 mV 8
i  ( 3 s ) =  3 s   1  =  A

5 mH 5

8
for 3 s  t   v (t) = 0  so i (t) remains  A

5

  t

A

µ
τ µ µ µ µ

µ µ µ µ

µ µ

 − − − − − − −  

 − ⋅ − −  

≤ −

∫

s s

s s

s

d
v(t) = 2k i  (t) + 4mH  i  (t)  (in general)

dt

mA d mA
for 0<t<1 s    i (t)  1 t  i (t) = 1 

s dt s

mA mA 2V
so v(t) = (2k ) 1  t + 4 mH 1   t  4 V

s s s

for  1 s <t< 3 s    i (t) = 1mA  

µ
µ µ

µ µ µ

µ µ

Ω ⋅ ⋅

= ⋅ ⇒

     Ω = +     
     

⇒ s

s

s

s s

d
 i (t) = 0

dt

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

mA
for 3 s< t < 5 s   i  (t) = 4mA 1 t

s

d mA 2V
so i (t) = 1 and v(t) = 4V   t

dt s s

d
when 5 s <t< 7 s    i (t) = 1mA and i (t) = 0

dt

so v(t) = 2 V

 

µ µ
µ

µ µ

µ µ

Ω⋅ ⋅

 − 
 

 − −  
 

−

−

s
mA

       when 7 s< t < 8 s    i (t) = 1 t  8mA
s

µ µ
µ

⋅ −

s

s s

d mA
so i (t) = 1 

dt s

2 V
and v(t) = 12 V +  t

s

d
when 8 s < t, then i (t) = 0  i (t) = 0

dt

so v(t)= 0

µ

µ

µ

 −  
 

⇒


