Solution Set 7 (Fall 2011)

7.1 Determine the phase angles by which v, (t) leads i (t) and v,(t) leads i, (t), where :
v, (t) =6sin(377t + 25" )V

i,(t) =0.04cos(377t—10°) A

i,(t)=—0.2sin(377t—-75")A

Solution:

i,(t) =0.04cos(377t —10°) A= 0.04sin(377t —10° +90°) A = 0.04sin(377 +80°) A

It means that v, (t) leads i, (t) by 25" —80" =-55".

I,(t) =—0.2sin(377t — 75°)A=0.2sin(377 — 75" +180°) A= 0.2sin(377 +105°) A
It means that 25° —105° = -80°

7.2 Calculate i(t), the time-domain current in the resistor in the following circuit if the input
voltage is:

1) v,(t) =12cos(377t +180°)V

2) V,(t)=16sin(377t+45°)V

.
vy~ i)~ 40
B

Solution:

This is a purely resistive network: i(t) and v(t) are in phase
12cos(377t +180°)
4

1) iy (t)=v,(t)/R= A=3cos(377t+180")A

2) i,(t) =Vv,(t)/R= %sin('ﬁ??t +45°)A=4sin(377t +45°) A

7.3 Calculate i(t), the time-domain current in the capacitor in the following circuit if the input
voltage is:

1) v,(t) =8cos(377t —30")V
2) v, (t) =4sin(377t + 60" )V

v(t) . i(t) | == 1440pF

Solution:

This is purely Capacitive network: i(t) leads
v(t) by 90°.
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i(t) :C¥ , However, this equation can be rewritten as | = joCV (eq.7.29 Irwin)

1) 11= jwC(8£—-30")A, where v, (t) =8cos(377t —30°)V
11=377*1440*10"° £90° *8./—-30° A=4.34,/60" A
i,(t)=4.34cos(377+60°)A

2) v, (t) = 4sin(377t + 60°)V = 4cos(377t + 60" —90°)V = 4cos(377 —30° )V

12 = jaC(4£—30°)A=377*1440%10° L90° *4./ —30° A= 2.17./60° A
i, () = 2.17c0s(377 +60°) A

7.4 Calculate i(t), the time-domain current in the inductor in the following circuit if the input
voltage is:

1) v,(t) =24cos(377t +12°)V
2) v, (t) =18sin(377t + 48°)V |

o it] < 10.61mH
Solution: <

This purely Inductive network: v(t) leads
i(t) by 90°

v(t) = L? This can be simplified to V = jolI

1) v, (t) = 24cos(377t +12°)V
v, 24.12°
 joL  377*10.61%107° £90°

i(t)=6c0s(377—-78")A

2) v, (t) =18sin(377t + 48°)V =18cos(377t+48° —90°)V =18cos(377t —42°)V ;

=6/(12° -90°) =6/ 78"

B 18/ —42°
2 377*10.61*107° 290"
i(t) =4.5c0s(377t —132°) A

A=45/(-42"—90°) = 4.5/ -132"

7.5 Find the frequency-domain impedance Z of the following network:
0.5Q 20

I I

= = j5Q
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Solution:
This is a series RLC network:
Impedance Z=7,+Z.+Z,

Z=7.+Z.+Z, =05Q- j2Q+ j5Q=05+ j3(Q) =+/0.5% + 324tanl(%) = 3.04./80.54°
Z =3.04./80.54°

7.6 Find the frequency-domain impedance Z of the following network:

22 < 1o .40 <j2a

| |
Solution:
This is a Parallel RLC network
Impedance Z = (i+i+i)_l

ZR ZC ZL

izi+ _1 +_L:1+j0.25—j0.5:1—j0.25
Z 10 -j4Q j2Q
Z= L = ! ! Q=0.97214.04°Q

- Q= Q= -
1-j0.25  J1+(-0.25)Ztan*(-0.25/1)  1.03£-14.04
Z=0.97/14.04Q or Z7=Y ~1.03£-14.04°

7.7 The voltages v, (t) and v _(t) in the following circuit can be redrawn as phasors in a phasor
diagram. Use a phasor diagram to show that v, (t) + v, (t) = v, (t) where
v, (t) =120cos(377t)V

+ Vr(D) -
w12,
|
Solution:
V, 120,0°

I =11.79/-10.67".

"R+ joL 10+ j(377x5m)
V, = joll =377*5%10° £90° *11.79./ ~10.67° = 22.22./79.33
v, (t) = 22.22008(377t + 79.33° )V

Solution Set 7 Rev05_2011 Page 3 |7



= 22'25 ~10.67

AL = tanl(\\;—L) = tan

R

V2 =V 2 +V, * =117.9° +22.227 =14394.14
V, =120
Ny =Ny +AL=-10.67+10.67=0

7.8 The currents i, (t)and i (t) in the following circuit can be drawn as phasors in a phasor
diagram. Use such a phasor diagram to show that i (t) + i, (t) = i  (t) where:
i (t) =20cos(377t +30°)A

+ |
) - T 200pF
st (1) vit) 20 ]ik(D) == Lic(t)
Solution:
This is a parallel network:
1 1

——j13.26 =13.26£—90°

Z p— p—
¢ joC j*377*%200*10°
Using a current divider,

T Z. :20430013.26_4—90 _
Z. +Z, 2— j13.26

=20/30° 13.26£-90 =2013'26 /30°—90° +81.42° =
13.41/ —81.42° 13.41

=19.78./21.42°

lo=1* Zr =20./30° 2 =
Z.+Z, 13.41/ —81.42

= 2oi430° +81.42°

13.41

Is =Ic? + 1,2 =19.78 +2.98* = 20;
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AL = tan‘l(l—c) = tan‘l(@) =8.57°
| 19.78

R

Ll =Zl+AL=21.42"+8.57 [] 30
Ay =21, +AL=21.42" +8.57" = 29.9 = 30’

7.9 The currents i, (t) and i, (t) of the inductor and capacitor, respectively, in the following
circuit can be drawn as phasors in a phasor diagram. Show in the phasor diagram that

i, (1) +i. (t) =i (t) where:
v, (t) =10cos(10°t +30° )V

Hint: Zx
-------- -
TORNEN
it)
ve(®) ( Lic(t)
1uF
—-—--- —»
Solution:
Zx is a parallel network Z, =Z, || Z.
. 1 .
Z. =1/ joC = ———=—j10°
c =4 j10°*10°® :

Z, = jolL = j10°(10*10%) = j10

5 _Zc*7 _ —j10°* j10

g = =————=]J101
Z +Z. —j10°+j10
Voltage divider:
Va=Vs—2x_ —1030 MO _
Z,+27Z, 1+ j10.1
=10./30° _ 10129 9.95/35.65°
10.15/84.35°
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\Y =9.95435.65 =9.95435.65 —0.995./—54.35 (A)

|, =—
-z, j10 10£90°
lc=V /Z, =9.95./35.65 (——.) =9.95./35.65'(— )=
-j10 10° £ -90°
=9.95*10"° £125.65°
125.65 °
[ ™,
54.35°
Is

I
Is = 0.995./ —54.35° +9.95%10° /125.65 =
—0.995/—54.35 —9.95%10° / —54.35° =

=0.985/-54.35°

Verification:

Vs =10/30°" =10cos30+ j10sin30=8.66+ j5.00

Va=9.95,35.65" =8.09+ j5.80

_ Vs—-Va _ 8.66+ j5.0 (8.09+ j5.8) _057-08]=
R 1

=0.982/-5453

Is

ISphasor= IScalculated

7.10. Repeat 7.9 for v, (t) =10cos(10*t +30°)V (surprising result called ‘resonance’).

Solution:
. 1 .
ZC =1/JC()C ZW:—J].OO

Z, = jolL = j10*(10*10%) = j100

Solution Set 7 Rev05_2011 Page 6 | 7



Z,*Z, -jl100*jl00 10* .
« = =— —— = =400
Z.+Z, —j100+j100 O

‘ 1
=Vs
Z +Z7Z, 1+72,1Z,

X
Va =Vs
LC is in resonance

~Vs(L/(1+0))

Voltage divider: Va =Vs

This is very large impedance (Zx) —it is like an open circuit
Since Va =Vs there is no current through the resistor
10£30°  10.30°

| =Vs/Z, == = ~0.1/-60°
jl00 100,90
| =Vs/z, =10230° 10430 ) 1op
~j100 ~ 100/ -90°
le ﬂ\12::-"
Is 60"
Iy,
Is=Y5=Va ) _ 0/R(A) = 0(A)

R
Note: the currents are identical in magnitude, but 180° out of phase. This means the Is is zero.
This is the same value as the current which passes through the resistor.
The currents flow between L and C, but never escape the resonant network. The energy is
exchanged between the electric field of the capacitor and the magnetic field of the inductor.
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