ECE 3510 homework # 2 Due: Tue, 1/15/19 d
Homework should be turned in to the 3510 homework locker by 5:00pm on the due date.

Good LaPlace Transform tables: Nielson p.595 (7th ed.,p.547), Lathi p.372, Bodson p.5, Nise, p.40, Class handout
Good LaPlace Property tables:  Nielson p.601 (7th ed.,p.553), Lathi p.389, Bodson p.8, Nise p.41, Class handout

For problems 1 & 2:
Don't just write down what the table shows.
You must show some work of your own.
You may use simpler table entries together with properties of the Laplace transform.

1. Find the Laplace transform of the following functions: See instructions above
a) u(t)
b) sin(wt)-u(t)
c) tu(t)

2. Find the Laplace transform of the following functions: See instructions above

a) e *Lsin(wt)-u(t)
b) e .cos(wt)-u(t)

3. Look at the figures on the next page. Each set of real (horizontal) and imaginary (vertical) axes show the poles
of a signal transform on the s-plane.

a) Find the best matching time-domain signal or answer in "Answers for problem 3" section (following page).
Answers may be used more than once or not at all, but make a little check mark next to each on that you do use.
Don't overlook answers A and B, which are written only (no figure).

The axes all have the same scaling. All time scales on the ANSWERS page are the same.
Your answers should make sense relative to one another.

dbl = double pole at that location

Answers

1a)} b) w C)i Za)# b)&

g 2 2 2 ' 2 2 2 2
S+w ) (s+a) "+ w (s+a) "+ w

3.ag1)E 2)F 3)K 4)C 5H 6L 7’M 8N 9A 10R 11)S 12)P
b) 71011 c) 78101112

d) —Im - - -
D G o Q

Re
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3. See instructions on previous page

—_Im _Im —Im
X
Re Re . Re
1) 2) 3) X
X
X }
4) 5) X
1 | 6) 1
X
dbl
X }
X
7 1 8) L 9) 1
T _ _
dbl
} X
10) 1X 11) | dbl 12) I

b) List those numbers above that represent signals that are UNBOUNDED.
c¢) List those numbers above that represent signals that DO NOT converge.

d) Several of the answers on the next page were not used.
For each of the answers that were not used, draw the poles of that time-domain signal on a set of real and
imaginary axes (an s-plane). Scale your axes just like the ones above.

e) Keep the "Answers for problem 3" page. | may refer to it again in future homework problems.
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Answers for problem 3 All horizontal axes are time. KEEP THIS PAGE FOR FUTURE USE

A No real time-domain answer could match these pole(s)

B None of these time-domain answers match these poles

C

N

time
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ECE 3510 homework # 3a Due: Fri, 1/18/19 c
1. Find the inverse Laplace transform of each of the following functions:

Use partial fraction expansion and the tables.

1 s-1
a) Fs)= —F— b) F(s) =
S+ 55+6 ) T s(s+2)
ECE 3510 homework # 3b Due: Tue, 1/22/19

2. Find the inverse Laplace transform of each of the following functions:

Use the mixed method and the tables.

a) F(s)= o0 b) F(9) = o R = —2°
(24 1)(2+ a) (st 2)-(s+ 1) 2,05, 0
4
1o dise®
d) F(s) = _8st4 e) F(s) = 2
52-(s+ 1)2 52-<52+ 2:s+ 5>
3. K(s) = oosst Show the form of f(t) without actually finding it.
S <52+ 2.5+ 5>2 Indicate which of the coefficients may not be 0

4. Problem 2.3a - f in textbook (p.20)

As part of your work to reach a solution, draw the pole diagram for each.

Answers  (time functions below valid for t > 0 only)

1. a) (62 3.yt b) (3-e2't 1>-u(t)
2 2
2.a) (cos(t) + 2-sin(t) — cos(2-t) - sin(2:t))-u(t) b) (e2'+te'-el-uw)
c) (2-et-cos<i-t 4-et-sin<i-t> -u(t) d) <4-t—4-t-e’t>-u(t) e) %-H%-e’t-cos(z-t) -u(t)

3. (ArBty Ct2y D-ecos(bt) + E-€®lsin(bt) + Ft-etcos(b-t) + Gt-e2tsin(bt))-u(t)
Cmaynotbe O & Either For Gmay be 0, but NOT BOTH

Alternate solution:

<A+ Bt Ct°+ oD%+ E%e*  cos(b-t + 0) + A/ F*+ G>t-6*"cos(b-t + (p)>-u(t)
Cantbe0: C & +FP+G

4., Bounded Converges f(0)
a) yes yes 0
b) yes yes =
2
c) no
d) yes yes 5
e) yes no

) no ECE 3510 homework # 3



ECE 3510 homework # 4

Properly simplify all your expressions for H(s). By this | mean that the numerator and denominator should
both be simple polynomials or factored polynomials. There should be no 1/s"terms in either the numerator
or denominator. Also, there should be no coefficient on the highest-order term in the denominator

Due: Fri, 1/25/19

1. For the feedback system shown below, find the transfer function of the whole system, with feedback.

H(s) =

Y out(S)

X in(s)

30

X in(s)

{2)

s+ 8

1

s+ 60

Y out(S)

2. a) For the feedback system shown below, find the transfer function of the whole system, with feedback.

H(s) =

Y out(S)
X in(s)

=9 X in(S) _’2.@

b) Find the value of K to make the transfer

function critically damped.

c¢) If K is more than this value, will the

system be underdamped or overdamped?

d) List any zeroes of the transfer function.

K

s+ 10

s+ 30

24-s

=Y out(s)

3. a) For the feedback system shown below, find the transfer function of the whole system, with feedback.

H(s) =

Y out(s)

Xin(s)

?

Xin(s) —=

K1

b) Find the value of G to make the
transfer function critically damped.

c) If Gis less than this value, will the system be
underdamped or overdamped?

d) List any zeroes of the transfer function.

80
s+ 30

Y out(S)

-10
60+ s

4. For the feedback system shown below, find the transfer function of the whole system, with feedback.

Find H(s) = Y out®
Xin(s) m
o ZrA2)
- +
S5

Hint: You may use the general feedback relationship twice, it's just a loop inside a loop.

Y out(S)
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5. Redraw the feedback system below so that it is just one simple loop.

NG
X in(s) 3 out(s)
2 5
+ + s+ 6
K
S+ 8
2

6. a) Draw a standard feedback loop for the noninverting op amp
amplifier. Assume no current flows into the op-amp inputs.

b) Use the standard feedback loop expression to find the
transfer function for this amplifier.

¢) Show that this expession simplifies to the standard gain
expression for this amplifier if G is very large.

7. a) Draw a standard feedback loop for the inverting op amp
amplifier. There also will be an extra block before the loop.
This amplifier is trickier than the noninverting amp, so I've
done part of the loop for you. The first block determines
Vin's contribution to V- (by superposition). The bottom block
determines Vg's contribution to V- (by superposition). You
will have to combine the sumation circles together into one
and complete the loop. Assume no current flows into the

ECE 3510 homework #4 p2

VO
G(V,-V)
Ry
Rim v
74(1\/0
G(V, - V)
Vo n +

op-amp inputs.

Vin v
—
b) Combine the leading block with the standard feedback loop
expression to find the transfer function for this amplifier.
¢) Show that this expession simplifies to the standard gain
expression for this amplifier if G is very large.
Answers
1.a) M 2.2) - K-24-5(s+ 30) b) 50 ¢) underdamped d) 0,-30
S + 68:s+ 510 s +40-s+ 300+ 2:K
3.2) Ky G805+ G-4800 b) 0.28125 c) overdamped d) - 60
S + 90-s+ 800-G + 1800
4, _8St40 15 G(Ry+ Ry Rf
2. 15c. 38 5. Y 6. b) c)l+—
S T lost s+6 Rq+Rf+R1G R4
+
R¢G Ry
7. b —m—— c) -—
K-2s-16 Ri+R¢+ R G R,
s+ 8
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ECE 3510 homework #5 Due: Tue, 1/29/19 Homework 6 on back ---->
1. Problem 3.2b, p.51 in Bodson text.

2. Problem 3.3 in Bodson text. As part of your work to reach a solution, draw the pole diagram for each.

V (s)
3. Find the transfer function H(s) = ° for these circuits.  Properly simplify all your expressions
Vi(s) for H(s) like you did in HW 4.
a) o | | O b) Rq
o 7 —
C
L
Vi Vo L
R Vi
o
o o #
R, C—— Vo
! )
4. Find the step response of: H(s) = k Step input:  X(t) = X u(t)
<s+ a1>-<s+ a2>
X
Show the steps necessary to arrive at the steady-state and transient X(s) = -~
responses shown as equation(s) 3.34 on p.33 of the text.
5. Find the step response of: H(s) = % = kes .
(s+a)"+b S+ 2sa+ <a +b > where b is real

Show the steps necessary to arrive at the steady-state and transient responses.

6. For the transfer functions below, find the DC gain and the full step responses. You may use the results found in
section 3.3.2 of the text as well as problem 3, above.

a) H(s) = 2 b) H(s) = 25%2 Hint: Notice how easily this
i2si1 S+2s+2 will split into two parts that
you already have answers for.
Answers
e Example of a
1. HyHatHoHy - Hy-HyHg+H Hg 2. Stable Problem input
1+Hq a) yes
b) no cos(2-1)
3. a) 52+B.S b) 1 c) yes
L-C d) no any input, even noise
2 1 R R e) no 1
S+IS+TC 5 +—1-s+ 1+71.i ) no 1 bC
CRy Ro| LC u(t) is assumed
Xm'k k -aqt k -ant
4. Y(©) = Yl = Xy : :
arap al(*’?‘l*az) az<32*al>
_anq-t -aot
OR: y(t) = Xy k + k e = +¥-e a2
arap al‘<araz> az'<32*al>

5. y(w) = 0 yy(t) = xm-E-e’at-sin(b-t) OR: y(t) = 0+ xm-g-e*at-sin(b-t)
6. a) xyl2-2e' 2tel b) X yl-1+etcos(t)) ECE 3510 homework #5

Homework 6 on back ---->



ECE 3510 homework # 6 Review of Steady-State AC Due: Fri, 2/1/19 b

1. Convert the following complex numbers to polar form (m/8 or mei®).  a) 2.6 + 8.7j b) 3+ 4j c) -3-4j
2. Convert the following complex numbers to rectangular form (a + bj).  a) 10€%%  p) 10.e14°%0 () 20.d 120
3. Add or subtract the complex numbers. a) (3+2)+(6+9) b) (9- 10j) - (9+ 10j)
4. Multiply the complex numbers. a) (20.d4099).10.¢ 00 %) b) (-2 j)-(-6- 9)
i j-40.deg .
5. Divide the complex numbers. a) & b) w
10.¢) 80-deg 6+ 9
6. Add and subtract the sinusoidal voltages using phasors. Draw a phasor diagram which shows all 4 phasors,
and give your final answer in time domain form.
v4(t) = 1.5:V-cos(wt+ 10-deg) Vo(t) = 3.2:V-cos(wt+ 25-deg)
a) Find vg(t) = vq(t)+vy(t) b) Find  v4(t) = v4(t) - vo(t)
. — 000
7. a) Find Zeq . v(io) L = 160-mH
b) Find the current | | (jw). 8.v.d° @ ::C ~003uF
R =4-kQ
f:=1.5-kHz
8. Find the steady-state magnitude and phase of each of the following transfer functions. \H(j-oo)\ =7 [H(w) =7
a.) ﬂ.s b) 52+ 10005
w =10 Hs)= > f = 50-Hz H(s) = eC
Sec 2 10 200 2 300 10000
) S+ —S+— S+ —s+
s = jw SEC gl SEC sec?
9. Find the following outputs. Express them in the time domain, first as a cosine with a phase angle
and then as a sum of cosine and sine with no phase angles:
a) The input x(t) = 3:cos(10't) s the input for the transfer function of 8a), above.
b) The input x(t) = 5-sin(2-150-t) is the input for the transfer function of 8b), above.
remember, sine is -j
Answers
1. a) 0.08.¢d 734 dey b) 5.l 53.1-deg o) 5.q1'126.9-deg
2. a) 5+ 8.66] b) 7.071- 7.071;j c) - 10+ 17.321 3.a) 9+ 11 b) -20j
4. a) 2001000 b) 24.2.¢8299%9 5.a) 2200 b) 1.385 0.4Lj
6.a) Vvq(t)+Vvo(t) = 4.67-cos(wt+ 20.2-deg)-V b) vq(t)-vo(t) = 1.794-cos(wt- 142.5-deg)-V
7.a) 182kQ  -152.deg b) 4.4-mA 15.2-deg
8.a) M= 2828 45-deg b) M= 2544 -25.8-deg
9. a) y(t) = 8.484-cos<1o-rad-t+ 45-deg) = 6-cos<10-rad-t) - 6sin 1o-rad-t)
Sec Sec Sec

- 5.54-cos(2-T650-t) + 11.45-Sin( 2-Te50-t)

ECE 3510 homework # 6

b) y(t) 12.72-cos(2-1:50-t — 115.82-deg)



ECE 3510 homework # 7 Due: Tue, 2/5/19
The 1st exam on Mon, 2/6/19 will include this material

1. Given the conditions in example 3.4.3, p.40,
a) Show all the steps needed to find eq. 3.56.
b) Use the Laplace transform table to find the results in eq. 3.57 and 3.58 (y(t) part).
¢) Show that equations 3.59 & 3.60 can be found from equations 3.58.
d) Show that equations 3.59 & 3.60 can be found from steady-state analysis of H(s) (see eq. 3.52).

2. Still referring to the system in example 3.4.3, p.40, theinputis: x(t) = xm-sin<ooo-t>
a) Confirm eq. 3.62.
b) Use any method you want to find M and ¢ in: Ye(t) = MX m-cos(ooo-H (p2>
Hint:, you may want to recall that: sin(ooo-t> = cos(ooo-t— 90-deg>

3. This system: H(s) = iB Has a cosine input:  x(t) = 4-cos(10-t)-u(t)

a) Express the output, Y(s)

b) This separates into 3 partial fractions that you can find in the laplace transform table without using complex
numbers. Show what they are, but don't find the coefficients.

¢) Continue with the partial fraction expansion just far enough to find the transient coefficient as a number.
d) Express the transient part as a function of time.  y(t) =?

e) What is the time constant of this expression? 1 =7?

f) Use steady-state AC analysis to find the steady-state output in the form of a cosine with a magnitude and

phase angle.
Ylt) =7

4. This system: H(s) =

P Has this Cosine input:  x(t) = 5-cos(8-t+ 40-deg)-u(t)
S+

a) Use steady-state AC analysis to find the steady-state response (y(t)) of the system. Yelt) =7
b) Separate the input x(t) into a pure cosine part and a pure sine part.

¢) Use the results of 1b) and 2a), above to find the transient responses to cosine and sine inputs and then add them
together to find the total transient response.

5. Find the steady-state (sinusoidal) magnitude and phase of the following transfer function.

80 _ 300
sec 2
‘H(jw)‘ =7 /H(jw) =? (01:20-@ H(s) = o seC
sec 2 90

S

SEC2

6. Express the following signal in the time domain, as a sum of cosine and sine with no phase angles:

oo::44-£d Y(jw) = 3+ 0.5
Sec

ECE 3510 homework #7 p.1



ECE 3510 homework #7 p.2

7. The following questions refer to the general system whose output is given by eq. 3.70, p.42 in our text.

a) Can a system's response to initial conditions be calculated separately from its response to the input signal?
Why or why not?

b) Can you expect a system's response to initial conditions to be similar to its response to a simple input signal?
Why or why not?

c¢) To fully describe the state of the system, how many things do you need to know? List them.

d) If a system is BIBO stable, then what is its final response to initial conditions?

e) The output of a system with nonrepeated poles on the jw-axis which is otherwise BIBO stable can be unbounded for
some input signals. Is this also true for initial conditions alone when there is no input signal?
If no, why are the conditions for bounded output not as restrictive if there are only initial conditions and no input?

8. a) List 4 advantages of the state-space method over the frequency domain method we are using in this class.

b) List 2 advantages of the frequency domain method we are using in this class over the state-space method.

Answers
I k ®
1 & 2a) Answers are right in the book 2.b) 72 tan |0 90-deg
Wy + a° a
3. a) > ; 4s by A o+ Bs , CIO c) -0.585 d) -0585e°" ) 125ms
s+8 & 100 st8  (&+100)  (s*+100)
f) 0.936-cos(10-t — 51.34-deg)
4. a) 1.385-cos(8:t + 6.3-deg) b) x(t)= (3.83-cos(8:t) - 3.214-sin(8-t))-u(t) c) -1.378¢e 12t
5. 5251 -79.38.deg
6. 3-cos<44-rad-t> ~ 05-sn 44-rad-t)
Sec Sec
7.c)4 y(0) j—y(O) x(0) S—X(O) d)o 8. See section 3.1 in the Nise textbook.
t t

ECE 3510 homework #7 p.2



ECE 3510 homework # 8 Due: Fri, 2/8/19 a2

Use the current-force analogy discussed in class for the following problems. X

1. a) Find the equivalent electric circuit for the mechanical | =V out

system shown. F,is an input.

Vout(s) Fil::o— M —"Til"(i.’j"ﬁ"\—
b) Find the transfer function for the system.

Put it in the standard form. Fin(s) f
iy
¢) Check the units of all coefficients of the transfer function to make

sure they agree and work out to the units of velocity over force. Recall that the units of s =

s

g |-

d) The resonant frequency of an electrical circuit can be found from b . What is it for this system?
L-C

X out(S)
out . . . .
Where x is the displacement of the mass rather than its velocity.

e) Find the transfer function for the system.
Put it in the standard form. Fin(s)

L Ky L g
2. Find the equivalent electric circuit for the u(t) ] W p—

mechanical system shown. u(t) is an input. M4 by| My bo
Show x-velocity and g-velocity on the circuit.  Input | |

ST T TTTTT T T T TT7 777

4. Find the equivalent electric circuit for the levitated rocket sled
shown. The rocket is a force input. There is no friction
between the sled and guide rail, but there is air resistance

/ / / (which can be modeled in exactly the same way as friction

v

3. Find the equivalent electric circuit for the
mechanical system shown. r(t) is an input.
Show v, & v, on the circuit.

between the sled and guide rail) The accelerometer is firmly
K mounted onto the sled. Show x-velocity and y-velocity on the
circuit.
accelerometer
L|f
e, ——
2 " vo(t) vl
ik P =
X
| M1 ‘ b v @# M g
Force r(t) ¥ _
Guide rail
Answers
1 Yes, units do all 1
1.3 M . b) M'S ©) check, show d) k €) M
— = 1 your work. M _—
f k 5 f Kk 2
S+ —S+— S+ —S+—
- = - - M M
Vi V2
2. Vy Uk,

vq 3 r(t) @ M 1 1, L
T [— t, — E
u(t) W M2 1 1 — = — " 2_: —
ms 1 ' B e
- - - Rocket K
L. % LVJ IE
L I« L
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ECE 3510 homework # 9

Due: Tue, 2/12/19

Use the current-force analogy discussed in class for the following problems.

1. Find the equivalent electric circuit for the
mechanical system shown. Vv, is the input.

. Find the equivalent electric circuit for the
mechanical system shown. w, is the input

5

— O I
Vin

Pt

by

ra

o |

TIrrT

gears

ra

3. Find the equivalent electric circuit for the fluid system shown.

ir
Constant al

pressure

o T —

ra

L
LT

k

7P

Show these elements as
equivalents in the input side.

ko
b,

Ct
pump

| e

Fluid
Reservoir

Answers
1/k

R¢

A

M

piston

Voout 3.
1
by

s

f
Reflect the mechanical
elements into the fluid system.
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ECE 3510 homework # 10 Due: Fri, 2/15/19 d

1. Draw a basic control system loop such as that shown in Fig 4.7 (Bodson), show all the items listed on p. 59
plus a feedback sensor labeled F(s) and a disturbance input.

2. Add F(s) or ni(s) and dy(s) into the following equations: full Y(s) =
With disturbance as zero: Eq. 4.5 Eq. 4.7 Eq. 4.10

With input (R(s)) as zero: Eg. 4.13 Eq. 4.15
3. List 5 measures of a control system's quality (see p. 59-60) and list one or two things that can be done to achieve each.

4. The transfer functions of C(s) and P(s) are given below. In each case determine if the steady-state error will
go to zero and whether disturbances will be completely rejected. Be sure to check for closed-loop stability
when needed.

a) C(s) = ; st+4 F(s) = 25+71 b) C(s) = s+1 F(s) = zsi
S +3s+2 S +3s S+ 3s s +3s+2

c) C(s) = 25(57*6) F(s) = zsi d) C(s) = _S+9 F(s) = S
S+ 3s+2 S+ 12s 1352 s+ 16

e C9= " R n o=t Ry =Sl
15516 1 8s+15 Sr7.d12s s+3

5. Problem 4.2 (p.98) in the text. Use your calculator or Matlab to find the actual roots, or use the Routh-Hurwitz method.

6. EXTRA CREDIT

Characteristic equations of feedback sytems are shown below. In each case, use the Routh-Hurwitz method to
determine the value range of K that will produce a stable system. You must show your work.

a) 0= s'120s1105%+ s+ K b) 0= s+ 2Ks 58 KstK
Answers
1.,2.,3. Read sections 4.1 - 4.2 in text (Bodson). Y(s) = PCR+PD

1+PCF

4.a) Yes No b) Yes Yes

c) No No d) No Yes

e) No No f) Yes Yes
5.a) Yes b) No c) No
6. EXTRACREDIT a) 0 < K < 04975 b) 0 < K< 225
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