Notes for a First Course in Electrical Systems Transient Analysis

4. Problems

1. Inthe circuit shown below the switch has been in the position shown for a long time. At

t =0 the switch is thrown to the lower position.

0  400Q

A. Find vg(t), v (t), andi (t) att=0".
B. Find vg(t), v (t), andi (t) att=0".
C. Find the energy stored in the inductott a0 .

2. In the circuit shown below the switch has been in the position shown for a long time. At

t =0 the switch is thrown to the lower position.

ig(t) N Ve(t)

2kQ  t=0ilt) 40uH PFEAAA—
— AN """ 10k jic(t)
+ v () - > +
$8V ‘ 2 mA — 2 uF VC(t)

A. ldentify the state variables.
B. Find v, (t), i (t), vg(t), ix(t), vc(t), andi.(t) att=0".
C. Findv,(t),i,(t), vx(t), ix(t), vc(t), andic(t) att=0".

3. Inthe circuit shown below,

+ 0K T *ic(t)g,om

VO T Toorr Q 5ut) v

A. ldentify the state variable(s).
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B. Find v.(t) andi.(t) att=0
C. Findv.(t) andi.(t) att=0".

4. In the circuit shown below,

+ v (t) -
2 UF

104 1) vb 2 uF

—[ 15kQ

151kQ 30 mH
A. ldentify the state variables.
B. What is the order of the circuit?

C. Find values of the state variableg &t O .
D. Find v, (0%).

5. The circuit shown below uses an ideal op-amp. The switch has been open for a long time
beforet =0, and att =0 it suddenly closes.

15 kKQ
—A\A—
0—' I—l'
5 kO 100 nF
AN : -

*t=0 .
+
3V 5kQ Vo(t) > 15 kQ

A. ldentify the state variable(s).
B. Find the value(s) of the state variable(s} atO .
C. Findv,(07) andv,(0").

6. In the circuit shown below,(0) =80V .

A. Find v (t) for t= 0.
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B. Find the time constant.

C. Plotv,(t) for t =0 to scale by hand. Include about five time constants of elapsed
time in your plot.

AAA _y dc(t)
1000Q .

600Q = 1200Q 1000Q 150 uF = Vc(t)
1000Q ]
AVAVAV.

7. Inthe circuit shown belowy (0) = 20mA.

A. Findi (t) fort=0.
B. Find the time constant.

C. Ploti_(t) for t =0 to scale by hand. Include about five time constants of elapsed
time in your plot.

— A\ —— : =10
60Q 1000 .
100Q > 100Q 30mH 2 V(1)
1200 -
% . .

8. In the circuit below the switch has been closed for a long time before it open®at

t=0

NV =

)| 32n 5000

Find i, (0).

Findi, (t) for t=0.

Find the time constant.

Ploti_(t) to scale by hand. Include the time interv&t <t < 5r in your plot.

o0 w »
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9. In the circuit below the switch has been open for a long time before it closegat

L Ve(t)
A ——1 |
400Q l 2 nF
90 mA(® 4000 600Q ‘7<]'t_0 5000

Find v, (0).
Find v (t) for t=0.

Find the time constant.
Plot v (t) to scale by hand. Include the time intervat <t < 5r in your plot.

o0 w >

10. In the circuit shown below the switch has been closed for a long time before it suddenly
opens att =0.
\t:O
YA

AN
1mA4}

1kQ
2@ )] 3 2mn
Find i, (0).
Findi (t) for t=0.

Write i (t) as the sum of ansientpart and steady-statgart.

Find the time constant of the circuit fort > 0.
After the switch is opened, how long does it take for the circuit to return to steady
state? Use a conventional approximation.

mo o w2

11. In the circuit shown below the switch has been closed for a long time, when it suddenly
opens att =0.

A. Find v, (0).
B. Find the “final” capacitor voltage, ().
C. Findvc(t) fort=0.
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D. Determine the time constant of the circuit fort > 0.

200Q
— AN\ -
t=0 * l
5V = Ve(t) == 20 pF > 2 kQ
0.3V= -
4 .
12. In the circuit shown below, (0) = 15V.
1000Q
A
ve(t)
=
500 uF
2 A 4000 l irt)  600Q 1A

Find v, (t) for t= 0.

Find the time constant.

Find the initial value,(0").
Find the final value ().
Findis(t) for t>0.

Plot your answers to A and E.

nmo o w»

13. In the circuit shown below (0) = 150mA .
Findi_(t) for t=0.

Find the time constant .

Find the initial valuev,(0").

Find the final valuevg ().

Find v(t) for t > 0.

Plot your answers to A and E.

nmo ow»
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4Q 10Q

=

14. The circuit shown below contains one constant source and one source thaff atrns
t=0.

33Q
47Q 68Q

.Lt 50 mH
30L(—t)V+ 5ov? I()i

Find i_(0).

Findi (t) for t=0.

Write i, (t) as the sum of ansientresponse andsteady-stateesponse.
Write i, (t) as the sum of zero-stateesponse andzero-inputresponse.

Find the energyV,(t) stored in the inductor for= 0. PlotW,(t) for t =0 to
t =51, wherer is the time constant.

moow»2

15. The circuit shown below contains one constant source and one source thaff fatrns

t=0. 6.8 kQ
— A

50 mA

()
Z

33K
30uU-t) mA Ve(t) == 0.01uF
4.7 kQ
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Find v, (0).

Find v (t) for t=0.

Write v, (t) as the sum of @ansientresponse andsteady-stateesponse.
Write v,.(t) as the sum of zero-stateesponse andzero-inputresponse.

Find the energy\,(t) stored in the capacitor far= 0. PlotW,(t) for t =0 to
t =51, wherert is the time constant.

moow2

16. In the circuit shown below,
t

vo(t) = 24~ 14e_(WJ V, t= 0
t

ic(t)= 2e_(7”°’6] mA, t>0.

R
— vic(t)

Find I, R, andC.

17. Power-On Reset.
In the circuit shown below the switch closed a0, providing power to a
microprocessor that is not shown. It is necessary that the microprocessors “reset” voltage
be kept near zero for a short interval of time after the power is turned on, so that the
microprocessor will begin operation in a known state. Assumevthat0) =

Vreset(

0
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A. Find R so thatv,.,(10° 5)= Q8 V.

B. Ifitis required thatv,.(t) < 0.8 V for t <1 ms, is your answer to A a maximum
value or a minimum value foR ?

18. The circuit shown below is a model for a transistor-operated relay. The switch
(representing the transistor) closeg at0. The relay closes when the inductor current
reaches 50 mA.

200 mH

[ 1

Find V. so that the relay will close &t=2 ms.

19. The Two-Capacitor Problem (revisited).
In the circuit shown below,(0) = 3V andv,(0) =5V. The switch closes &t=0.

A. Find the chargeg, (0) and g,(0) initially stored on (the top plate of) each capacitor.
How much total charge is this?

B. Find the energy\,,(0) andW,(0) initially stored in each capacitor. How much
energy is this?

C. Findv,(t), v,(t), andi(t) for t >0. Your answers will depend on the valueRof
Find the final valuew, () andv,(«). Do these values depend on the valu&R6f

D. Find the chargey,(«) andq,(~). How much total charge is this? Compare with A;

is charge conserved?
E. Find the energy\, () andW,,(»). How much total energy is this?
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F. Find the total energy converted to heat in the resistor. Does your answer depend on
the value ofR? Compare your answer to B with your answers to E and F; is energy
conserved?

G. Ploti(t) vs. time forR=1000Q, R=10Q, andR=01Q. What is happening as

R - 0?

20. This problem continues problem 5 above. The circuit shown below uses an ideal op-amp.
The switch has been open for a long time beforéd , and att = 0 it suddenly closes.

15 kKQ
—A\A—
0—' I—l'
5 kO 100 nF
AN : -

< t=0 .
+
3V Sko Vo(t) > 15 kQ

Find v,(t) for t = 0.

21. In the circuit shown below,. (0) =5V .

2000Q  ix(t)
o /\/\/\ ,—4_
2i,(t) <& 15000 10UF == ve(t)
1 .

A. Find v (t) andi,(t) for t >0.
B. Plot v.(t) andi,(t) for t >0. Show at least five time constants of elapsed time.

22. In the circuit shown below,. (0) =5V .
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2000Q  ix(t)
. A A A e
2i,(t) <& 1500Q 10uF == ve(t)
1 .

A. Find v (t) andi,(t) for t >0.
B. Plot v.(t) andi,(t) for t >0. Show at least five time constants of elapsed time.

23. In the circuit shown below the switch has been in the position shown for a long time. At
t =0 the switch is thrown to the lower position.
Ve (1)

t=0 -

e AL
N 20 k2 0.02uF
10V0O 20 kQ 300 mH

A. Find v¢(t), fort=0. Plot your answer vs. time.

B. Is the circuit overdamped, critically damped, or underdamped?

C. Find the eigenvalues (natural frequencies) of the circuit. If the circuit is overdamped,
find the two time constants. If the circuit is underdamped, find the damped ringing
frequency and the damping coefficient.

24. In the circuit shown below the switch has been in the position shown for a long time. At
t =0 the switch is thrown to the lower position.

t=0 N
- ( VNN — 1] i (t)
N 2.2 kQ 0.02uF
10V 0O 22kQ 300 mH

A. Findi (t), fort=0. Plot your answer vs. time.

B. Is the circuit overdamped, critically damped, or underdamped?

C. Find the eigenvalues (natural frequencies) of the circuit. If the circuit is overdamped,
find the two time constants. If the circuit is underdamped, find the damped ringing
frequency and the damping coefficient. Don't forget the units.

P4-10 BAB 01/19/99 8:26 AM Problems4.doc



Notes for a First Course in Electrical Systems Transient Analysis

25. In the circuit shown below the switch has been in the position shown for a long time. At
t =0 the switch is suddenly opened.

A. Find v.(t) andic(t) for t=0. Plot your answers vs. time.

B. Is the circuit overdamped, critically damped, or underdamped?
C. Find the eigenvalue(s) (natural frequencies). Don'’t forget units!

12Q t
— A

1
A o
yan N
2
>

T icl)
=5 4F vi(
1 _

$8V 100 2 mH

26. In the circuit shown below the switch has been in the position shown for a long time. At
t =0 the switch is suddenly opened.

12 Q tZOf
— Aoy

TS .

=8V 100Q 32mH  T=54UF y(f)

*—

Find v¢(t) andi,(t) for t=0. Plot your answers vs. time.

Is the circuit overdamped, critically damped, or underdamped?

Find the eigenvalue(s) (natural frequencies). Don't forget units!

Plot the energy stored in the capacitor and the energy stored in the inductor as
functions of time fort =0 tot =5ms.

E. Find the total energy stored in the inductor and the capacitor togetieat

F. Find the total energy converted to heat in the QO@sistor fromt =0 tot - .

Cow >

27. In the circuit shown below the switch has been in the position shown for a long time. At
t =0 the switch is suddenly pushed to the lower position.

A

Y
N

100Q +
0.08 A 600Q | SUF Ve (t)
‘ 2mH  i(t) )
. Y -—
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. Find v¢(t) andi (t) for t=0. Plot your answers vs. time.

A

B. Is the circuit overdamped, critically damped, or underdamped?

C. Find the eigenvalue(s) (natural frequencies). Don'’t forget units!

D. Plot the energy stored in the capacitor and the energy stored in the inductor as
functions of time fort =0 tot=5ms.

E. Find the total energy stored in the inductor and the capacitor togetiwerOat

F. Find the total energy converted to heat in the QO0@sistor fromt =0 tot - o,

28. In the circuit shown below,

! ‘iL(t) +

254(t) mA 33KQ S 250uHY 750 pF = V(1)

Find i (t) for t=0.

Find the eigenvalues (natural frequencies) of the circuit. Don't forget the units!
Find the damping coefficient and the damped ringing frequency.

Find the damping ratio and the undamped ringing frequency.

Find the transient part and the steady-state par{tf.

moow »

29. In the circuit shown below,

VNNV
33Q +
25((t) V O SOPF

250uH iL(t)
L YY) e-—

Find v (t) for t = 0.

Find the eigenvalues (natural frequencies) of the circuit. Don't forget the units!
Find the damping coefficient and the damped ringing frequency.

Find the damping ratio and the undamped ringing frequency.

Find the transient part and the steady-state parg (@f.

moow »

30. The switches in the circuit shown below have been in the positions shown for a long time,
when they are simultaneously throwntat O .
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j@/ho X _t:0:<

800Q 400Q 200Q

10mA ®
6 H 330 pF =50V

T

A. Findi (t) fort=0.

Is the circuit underdamped, critically damped, or overdamped?

Find the eigenvalues (natural frequencies) of the circuit. If the circuit is underdamped,
find the damping coefficient and the damped ringing frequency. If the circuit is
overdamped, find the two time constants.

D. Find the transient part and the steady-state part(of.

Using a conventional approximation, how long does it take aftéd for steady-state
to be reestablished?

Ow

m

31. In the circuit shown below the switch has been in the lower position for a long time, when
it is suddenly moved to the upper positiort a0 .

A. Findi (t) andv.(t) for t=0.

B. Is the circuit overdamped, critically damped, or underdamped?

C. Find the eigenvalues (natural frequencies) of the circuit. If the circuit is overdamped,
find the two time constants. If the circuit is underdamped, find the damping
coefficient and the damped ringing frequency.

D. Write i (t) as the sum of a transient part and a steady-state part. Indicate which is
which.

E. Ploti_(t) and the energyV,(t) stored in the inductor as functions of time fax 0.

t=0

EE =

5mA(® i (t) l 330 mH

32. In the circuit shown below the switch has been in the lower position for a long time, when
it is suddenly moved to the upper positiort &0 .
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Ow

E.

j{/ t=0
400Q + 2 kQ
5mA® ve(t) == 0.001u F
iL(t)i 330 mH~ =50V

Findi_(t) andv.(t) for t=0.

Is the circuit overdamped, critically damped, or underdamped?

Find the eigenvalues (natural frequencies) of the circuit. If the circuit is overdamped,
find the two time constants. If the circuit is underdamped, find the damping
coefficient and the damped ringing frequency.

Write v..(t) as the sum of a transient part and a steady-state part. Indicate which is
which.

Plot v (t) and the energ\,(t) stored in the capacitor as functions of timetferO.

33. In the circuit shown below,

O 0w >

10L(t)v+<) 2 kQ 1kQ & V()

Find v,(t) for t = 0.
Find each of the time constants.
Find the transient part and the steady-state parf(o¥.

Plot v,(t) and the two exponential components of the transient part together on a
single set of axes.

34. In the circuit shown below, the switch has been in the position shown for a long time. At
t =0 the switch is pushed down, disconnecting the voltage source.

P4-14

+

50V ()
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Find i, (t) for t=0.
Find each of the time constants.
Find the transient part and the steady-state part (f.

Ploti,(t) and the two exponential components of the transient part together on a
single set of axes.

O 0w >

35. The voltage source in the circuit shown below is constant. =A1 the inductor current
is 1 mA and the capacitor voltage is zero.

A. Find the source current(t) for t >0.

B. Is the circuit overdamped, underdamped, or critically damped?

C. If the circuit is overdamped, find the two time constants. If the circuit is
underdamped, find the damping coefficient and the damped ringing frequency.

D. Ploti(t) as a function of time.

30 uF
| |
11

) =
5V O

10Q

36. The switch in the circuit shown below has been in the position shown for a long time. At
t =0 the switch is suddenly moved to the upper position.

1p
8 2 H
) 2o |
1 6Q
+ aVAYAVAS
50V O

A. Find the source current(t) for t >0.
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Ploti,(t) vs. time.

Is the circuit overdamped, critically damped, or underdamped?
Find the eigenvalues (natural frequencies) of the circuit.

Find the transient and steady-state componeritgtof

Using a conventional approximation, how long does it take for steady-state to be re-
established after the switch is thrown?

nmoo W

37. In the circuit shown below,

1ut) vV C

A\

O
|1
|

0

A. What is the order of the circuit? (How many energy storage elements does it have
besides the voltage source?)

Identify and label thetate variabledor the circuit.

Suppose you wrote circuit equations for the circuit, and tlmmated the variables
until you had a single equation in a single state variable. What order differential
equation would you have?

Write a generic differential equation of the order you found in part C.

Write the characteristic equation of your differential equation.

How many eigenvalues (natural frequencies) does the circuit have?

A second-order circuit can have eigenvalues that are real and distinct, real and
repeated, or that are complex conjugates of each other. List all of thalipesddr
the circuit shown.

H. A second-order circuit can have a response that has theeth+ Be*',
Ae™ + Bte", or 2Ke™* cogw,t+6), depending on the form of the eigenvalues. List
all of the possible responses for the circuit shown.
l. SupposeR = R, = R =1000Q andC, = C, = C, =200pF. Let the inital
capacitor voltages all be zero. Find and plot the voltage as a function of time.
Find the numerical values of the eigenvalues of the circuit.
K. Find v,(0") andv,(«). How long does it take for the voltage to complete 99% of

Ow

O@mmo

“

the change fronv,(0") to v,(e)?

38. In the circuit shown below,
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|
I
C

| | ° |

I |

C, C, .
R R < (1)

=

1) V'

N\
Py

A. What is the order of the circuit? (How many energy storage elements does it have
besides the voltage source?)

Identify and label thetate variabledor the circuit.

Suppose you wrote circuit equations for the circuit, and tlmmated the variables
until you had a single equation in a single state variable. What order differential
equation would you have?

Write a generic differential equation of the order you found in part C.

Write the characteristic equation of your differential equation.

How many eigenvalues (natural frequencies) does the circuit have?

A second-order circuit can have eigenvalues that are real and distinct, real and
repeated, or that are complex conjugates of each other. List all of thalipesddr
the circuit shown.

H. A second-order circuit can have a response that has theeth+ Be*',
Ae™ + Bte", or 2Ke ™ cogw,t+6), depending on the form of the eigenvalues. List
all of the possible responses for the circuit shown.
l. SupposeR = R,= R =1000Q andC, = C, = C, =200pF. Let the inital
capacitor voltages all be zero. Find and plot the voltgge as a function of time.
Find the numerical values of the eigenvalues of the circuit.
K. Find v,(0") andv,(«). How long does it take for the voltage to complete 99% of

Ow

O@mmo

“

the change fronv,(0") to v,(e)?

39. In the circuit shown below,

1) V O

A. What is the order of the circuit? (How many energy storage elements does it have
besides the voltage source?)
B. Identify and label thetate variablegor the circuit.

BAB 01/19/99 8:26 AM Problems4.doc P4-17



Notes for a First Course in_Electrical Systems Transient Analysis

C.

O@mmo

“

Suppose you wrote circuit equations for the circuit, and tivaim&ted the variables
until you had a single equation in a single state variable. What order differential
equation would you have?

Write a generic differential equation of the order you found in part C.

Write the characteristic equation of your differential equation.

How many eigenvalues (natural frequencies) does the circuit have?

A second-order circuit can have eigenvalues that are real and distinct, real and
repeated, or that are complex conjugates of each other. List all of thalipesddr
the circuit shown.

A second-order circuit can have a response that has theAeth* Be*',
Ae™ + Bte", or 2Ke™* cogw,t+6), depending on the form of the eigenvalues. List

all of the possible responses for the circuit shown.
SupposeR, = R, = R=200Q andL, =L,=L,=50mH. Let the inital inductor

currents all be zero. Find and plot the voltaggt) as a function of time.
Find the numerical values of the eigenvalues of the circuit.

K. Find v,(0") andv,(«). How long does it take for the voltage to complete 99% of

the change fronv,(0") to v, ()?

40. In the circuit shown below the capacitor voltage is zerto=a .

B.

C.
D.

| ]
[
) 400Q < V,(t)

Vin () =
20sin(25%) V

M\t

Write the circuit equations. Then combine them into a single differential equation
containing one variabley,(t) .

Find v,(t) for t=0. Plotv,(t) as a function of time fot=0 tot =1s.

Identify the transient part and the sinusoidal steady-state part of your answer.
Write v,(t) as the sum of a zero-input response and a zero-state response.

41. In the circuit shown, the capacitor voltage at0 is v,(0) = -10V, and the inductor

current att =0 isi,(0)=1mA. i (t)
_ _ —
+
in(t)= l
20cof400t)ma P 200Q@ < BUF T 40 mH 4 vy(1)
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A. Using the Big Gun findv,(t) for t = 0.
B. Plot v,(t) vs.t for t=0 tot =50 ms.

C. Identify the transient part and the sinusoidal steady-state part of your answer.

42. In the circuit shown, the inductor currenttat 0 isi, (0) = 0.

A. Findi (t) fort=0.
B. Ploti (t) vs.t fort=0 tot=2ms.

C. ldentify the transient part and the sinusoidal steady-state part of your answer.

iL(t)

—_—

iin(t) =

2c0$2500) A ® 2500 0.1H

43. In the circuit shown below, the capacitor voltage a0 is v (0) = -10V.

- ® 18KQ & 0.24uF= v(t)
ij

A. Find v (t) for t= 0.
B. Plotv,(t) vs.t for t=0 tot =100 ms.
C. ldentify the transient part and the sinusoidal steady-state part of your answer.

44. For the circuit shown below,

10c0$ 2r 2000u(t) V(
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A. Findi (t) fort=0.

B. Identify the transient part and the sinusoidal steady-state part pf

C. Ploti,(t) vs.t. Be sure your plot shows both transient and steady-state behavior.
D

. Plot on separate graphs the transient part and the sinusoidal steady-statg, figrt of
fort=0.

45. For the circuit shown below,

0.08cog 275x 16t) (t) AA) 60Q SuF —

A. Find vg(t) for t=0.

B. Identify the transient part and the sinusoidal steady-state pag(Df

C. Plotvg(t) vs.t. Be sure your plot shows both transient and steady-state behavior.
D

. Plot on separate graphs the transient part and the sinusoidal steady-state{a)t of
fort=0.

46. For the circuit shown below,

30 uF

Is(t) |_> ]
. 10Q 100Q
5cog2m50Q) yt) v O 3 mH 10Q

A. Find v(t) andig(t) for t=0.

P4-20
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B. Identify the transient part and the sinusoidal steady-state peg(f Repeat for
is(t).
C. Plotv,(t) andi (t) vs.t on a single set of axes. Be sure your plot shows both

transient and steady-state behavior.
D. Plot on separate graphs the transient part and the sinusoidal steady-state{a)t of

fort=>0.

P4-21
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