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Introduction

ANSWERS TO REVIEW QUESTIONS

1. Guided missiles, automatic gain control in radio receivers, satellite tracking antenna

2. Yes - power gain, remote control, parameter conversion; No - Expense, complexity

3. Motor, low pass filter, inertia supported between two bearings

4. Closed-loop systems compensate for disturbances by measuring the response, comparing it to
the input response (the desired output), and then correcting the output response.

5. Under the condition that the feedback element is other than unity

6. Actuating signal

7. Multiple subsystems can time share the controller. Any adjustments to the controller can be
implemented with simply software changes.

8. Stability, transient response, and steady-state error

9. Steady-state, transient

10. It follows a growing transient response until the steady-state response is no longer visible. The
system will either destroy itself, reach an equilibrium state because of saturation in driving
amplifiers, or hit limit stops.

11. Natural response

12. Determine the transient response performance of the system.

13. Determine system parameters to meet the transient response specifications for the system.
14. True

15. Transfer function, state-space, differential equations

16. Transfer function - the Laplace transform of the differential equation

State-space - representation of an nth order differential equation as n simultaneous first-order
differential equations

Differential equation - Modeling a system with its differential equation

SOLUTIONS TO PROBLEMS

50 volts

1. Five turns yields 50 v. Therefore K= ————=1.59
5x2xrad
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2.
Desired Temperature Voltage Fuel Actual
temperature difference difference flow temperature
>+ - - Amplifier and Heater -
Thermostat valves —— P>
3.
Desired Input Error Aileron Roll Roll
roll voltage voltage position rate angle
angle Al
) ileron ;
—p| Pilot + position _>A|rcrafF —| Integrate |
controls dynamics
control
Gyro et
Gyro voltage
4,
Input
) Itp Speed
Desired voltage Error Motor Actual
speed + voltage and speed
P transducer |— . Amplifier ————— drive
system
Dancer b
positon [ g ancer g
Voltgge sensor ynamics
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to actual speed
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Input Power Rod
voltage Error position
Desired voltage Motor Actual
power and power
B Transducer [— B Amplifier =~ Lo —~ Reactor .
) r system
Sensor &
Voltage transducer
proportional
to actual power
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and
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. rate
Desired Actual
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student error rate student - of influx population
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Administration ! Admissions Integrate P
7.
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b.

Desired

level
—>
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Valve
I Actuator
Power
amplifier
| Ry
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Desired . . Actual
force + Current Displacement Displacement force
—®= Transducer |- Amplifier Valve #  Actuator B Tire
and load
Load cell
10.
Actual
Commanded Isoflurane blood
blood pressure + concentration pressure
> Vaporizer [  Patient >
11.
Desired +
depth p|  Controller Force . Feed rate Depth
& — Grinder I Integrator L
) motor
12.
Desired \(/:c?litlage+ _ Coil
position Transducer > Q/§> » Cﬁgll,lli'[ current; zmsggjgtg?” Force - Armgziture Depth=
spool dynamics
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13.
Nervous
a. system
electrical
impulses
: Internal eye
Desired ——— Brain ———> muscles 4 Retina’s
Light Light
Intensity Intensity
Retina + Optical |~
Nervous
system
b. electrical
impulses
Desired . Internal eye
Ligt —————> Brain ———> muscles y Retina’s
Intensity Light
Intensity
Retina + Optical | E?“ﬁméﬂ
' Nerves < Light

If the narrow light beam is modulated sinusoidally the pupil’s diameter will also
vary sinusoidally (with a delay see part c) in problem)

c. If the pupil responded with no time delay the pupil would contract only to the point
where a small amount of light goes in. Then the pupil would stop contracting and

would remain with a fixed diameter.
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14,

Actual

Measured Body
Temperature

Desired > > HT’s > Amplifier
Gyroscopic B
15.
Desired Body Light Stimulus
Temperature
+
Circadian
Cycle Model ) Controller Astronaut
16.
Vision
Student
Instructor  gystem Position
Position + Tactile
——p»{Student »-
System
17.

Ldi+R' (®
a.L—+Ri=u
dt

b. Assume a steady-state solution igg = B. Substituting this into the differential equation yields RB =

11

1 R
from which B = E . The characteristic equation is LM + R = 0, from which M = E . Thus, the total
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. 1 1
solution is i(t) = Ae-(RIL)t +_R' Solving for the arbitrary constants, i(0) = A + _R = 0. Thus, A =

1 : S |
- — . The final solution is i(t) = —

- 1 e-(R/IL)t = i(l _ e-(R“-)t)_
R R R

18.
di 1
. Writing the | tion, Ri+ L— +—| idt + v, (0) = v(t
a. Writing the loop equation ” CJ - (0)=v(t)
d% . di

b. Differentiating and substituting values, pres + ZEJr 251 =0

Writing the characteristic equation and factoring,

M2 +2M +25=(M +1+~/24i)(M +1-+/24i) .

The general form of the solution and its derivative is
i = Ae cos(~/24t) + Be ' sin(~/24t)
ai_ (~A+~/24B)e ™ cos(v/24t) — (v24 A+ B)e ! sin(+/24t)

dt
Using i(0)=o;%(0):"L_(0):1:1

L L
i (0=A=0
%(O):-Awﬁszl

Thus, A= 0 and B:L_

NeT!

The solution is

%et sin(+/24t)
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a. Assume a particular solution of

Substitute into the differential equation and obtain
(FTC+ 2D cos[E2¢]+[- 2C+ TD) =in(2%) = B oos(24)

Equating like coefficients,

TC+2D =5
-EC+7FD =0
From which, C = % and D :% .
The characteristic polynomial is
M+7 =0

Thus, the total solution is
] =de” Tty [% cos[24] + % 5111[2!‘])

. . 35 35 . L
Solving for the arbitrary constants, x(0) = A +z3 =0. Therefore, A = - 53 The final solution is

x[¥] = |:— %]e“”+ [% cos[24] + % sin[Et]J

b. Assume a particular solution of



1-10 Chapter 1: Introduction

= Asin3t + Bcos3t
Substitute into the differential equation and obtain
(18A — B)cos(3t) — (A +18B)sin(3t) = 5sin(3t)
Therefore, 18A — B =0 and —(A + 18B) = 5. Solving for A and B we obtain
Xp = (-1/65)sin3t + (-18/65)cos3t
The characteristic polynomial is

M*+6M+8=(M+4) (M+2)

Thus, the total solution is

x=Ce*'+De?'+ ( ég cos(3 1) - L 3|n(3t))

18
Solving for the arbitrary constants, X(0) = C+ D — 65 =

Also, the derivative of the solution is

d—X:-— cos(3t)+— sif(30-4Ce*-2De™”
t 5
) . : 3 3 15
Solving for the arbitrary constants, x(0) —— —4C —-2D=0,or C=——andD=—.
65 10 26

The final solution is

8 cos(3 f) - S|n(3 -—e''+ ;—2 e?

¢. Assume a particular solution of

Xp = A
Substitute into the differential equation and obtain 25A = 10, or A = 2/5.
The characteristic polynomial is

M?+8M+25=(M+4+31)(M+4-31)

Thus, the total solution is

2 .
X=g+ e *' (Bsin(3 1) +C cos(3 1)

Solving for the arbitrary constants, x(0) = C + 2/5 = 0. Therefore, C = -2/5. Also, the derivative of the

solution is
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20.

X (3B-4C)cos30 - (4B+3 Q) sin(3D) &

Solving for the arbitrary constants, >'<(0) =3B -4C = 0. Therefore, B =-8/15. The final solution is

x(t) = 35 - e““(l—gs sin(3t) + % cos(3t ))

a. Assume a particular solution of
xp () = Croos(24] + D =in(24)

Substitute into the differential equation and obtain

- 2(C-2D) cos(27) - 4[.: + %Dj sinf(2#] = sin(2%)
Equating like coefficients,
-2[C-2D) =0
- 1py =
4|:u:+ 1 D] 1

andD=-77.

From which, C = - 10

gl

The characteristic polynomial is
2+ 20+ 2 = (M4 1+8) (M+ 1-4)

Thus, the total solution is

= - % cos[ 2] - 11_III sin(24)+ 7 t (4 cos[2] + B sinft])

11
Solving for the arbitrary constants, x(0) = A % = 2. Therefore, A = E . Also, the derivative of the

solution is

dx _

at =~ % cos[24] + % =in[24] + [—A+B]e“tcns[t]— [A+Elje_tsin[t]

: 3
Solving for the arbitrary constants, x(0) =- A + B - 0.2 =-3. Therefore, B = —g . The final solution

1 1 . (11 3.
x(t):—gcos(Zt)—Esm(Zt)Jre kgcos(t)—gsm(t))

b. Assume a particular solution of

xp=Ce2t+Dt+E

Substitute into the differential equation and obtain
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Ce™ 28y D+ 2D+E = Ge~ 2ty
Equating like coefficients, C=5,D=1,and 2D + E =0.
From which,C=5D=1,and E=-2.
The characteristic polynomial is
M2+ 2+ 1 = (M4 1)°
Thus, the total solution is
x[¥)] = de~tipetriBe 282 2
Solving for the arbitrary constants, x(0) = A + 5 - 2 = 2 Therefore, A =-1. Also, the derivative of the

solution is

d
d—>t‘ —(-A+B)e ' —Bte"' ~10e ' +1

Solving for the arbitrary constants, >'<(O) =B - 8 =1. Therefore, B = 9. The final solution is
(] = -e" trate~tige~2ti2 3
c. Assume a particular solution of
Xp=Ct2+ Dt +E
Substitute into the differential equation and obtain

40+ + 4D F+ 20+ 4E = &2
N - 1
Equating like coefficients, C = 1 D=0,and 2C +4E =0.
. 1 1
From which, C =7 D=0,andE = -5
The characteristic polynomial is
M2+ 4 = [+ 24) (- 28
Thus, the total solution is
x[¥) =4 cos(E4]+ B sin[24] + %tz— El
. . 1 9 A
Solving for the arbitrary constants, x(0) = A - 8 = 1 Therefore, A = g Also, the derivative of the
solution is

%: 2E cos(2¢] - 24 sin(24) + %t

Solving for the arbitrary constants, >'<(O) = 2B = 2. Therefore, B = 1. The final solution is
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[t = % cos[24]+ sin24) + %tz - %
21.
Spring
displacement
Desired |nput . *
—>f0rce Input VOItage + up =
trans%ucer' Controller—{ Actuator —de?;g?r:ﬁ:gh—» Spring out
Sensor &
22.
Desired
Amount of Amount of
HIV v RTI

HIV viruses

A 4

——>()——>{ Controller Patient >

Pl

A 4
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23.
a.
Controlled Climbi_ng &
Inverter Voltage Rolling
Control Resistances
Command
Desired Speed | Motive
i Force
ECU Inverter »| Electric
- Motor

Aerodynamic

Vehicle

Actual

Aerodynamic

A
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—

Climbing &
Rolling
Resistances

Accelerator,

Motive

Aerodynamic

Vehicle

Actual
»
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C.
Accelerfitor ICE Climbing &
| Accelerator 5 Rolling
Speed Resistances
Error
Desire Power Planetary ... Actual
C Control
Motive
Inverter Inverter | .~ Force
Control d ;
Command & _ : Aerodynamic
Electric Motor Aerodynamic
Motor
Speed

Founded in 1807, John Wiley & Sons, Inc. has been a valued source of knowledge and understanding for more than 200
years, helping people around the world meet their needs and fulfill their aspirations. Our company is built on a
foundation of principles that include responsibility to the communities we serve and where we live and work. In 2008,
we launched a Corporate Citizenship Initiative, a global effort to address the environmental, social, economic, and
ethical challenges we face in our business. Among the issues we are addressing are carbon impact, paper specifications
and procurement, ethical conduct within our business and among our vendors, and community and charitable support.
For more information, please visit our website: www.wiley.com/go/citizenship.

Copyright © 2011 by John Wiley & Sons, Inc.



