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17.48 Evaluate r(e' + sin x) dx. 
u 

a) 7.81 b) 6.21 c) 5.92 

17.49 Evaluate 2l1
e·' sin x dx. 

0 

a) 1.82 b) 1.94 c) 2.05 

17.50 Derive an expression f x cos x dx . 

d) 5.61 

d) 2.16 

a) x cos x - sin x + C c) x sin x- cos x + C 
b) X Sin X+COS X+ C d) xcos X+ sin X+ C 

Probability and Statistics 

17.51 You reach into a jelly bean bag and grab one bean. If the bag contains 30 red 25 
orange, 15 pink, 1 0 green, and 5 black beans, the probability that you will a 
black bean or a red bean is nearest to 
a) 0.6 b) 0.5 c) 0.4 d) 0.3 

17.52 Two jelly bean bags are identical to that of Prob. 17.51. One bean is to be selected 
from each bag. The probability of selecting a black bean from the first bag and a red 
bean from the second bag is nearest to 
a) 1/100 b) 2/100 c) 3/100 d) 4/100 

17.53 From the bag of Prob. 17.52, the probability of selecting 5 beans, the first 
three of wh1ch are red and the next two of which are orange, is nearest to 
a) 3/1 000 b) 4/1 000 c) 5/1 000 d) 6/1 000 

17.54 Two bags each contain 2 black balls, 1 white ball, and 1 red ball. One ball is to be 
selected from each bag. What is the probability of selecting the white ball from the 
first bag or the red ball from the second bag? 
a)1 /2 b)7/16 c)1/4 d)3/8 

17.55 A professor gives the following scores to her students. What is the mode? 

frequency: 3 6 11 13 10 2 
score: 35 45 55 65 75 85 95 

a) 65 b) 75 c) 85 d) 11 
17.56 For the data of Prob. 17.55, what is the arithmetic mean? 

a) 68.5 b) 68.9 c) 69.3 d) 70.2 

17.57 Calculate the sample standard deviation for the data of Prob. 17.55. 
a) 9.27 b) 10.11 c) 11.56 d) 13.78 

Chapter 18 

Engineering Fundamentals 

INTRODUCTION 
We have selected several subjects to be reviewed in this chapter that you have undoubtedly 
studied in your Physics courses, along with a short presentation of Economics. They are the 
introductory topics in several technical and scientific programs. You should be somewhat 
familiar with these subjects (with the possible exception of Economics), but there may be 
some material here that was either omitted in your Physics courses, or that was not included 
in the texts that you used. It is hoped that this short review may better prepare you for your 
future courses. 

'l- - ......- ·-=--·-
STATICS. 

1 ' • ,. ....... .. ... - ... 

Statics is concerned primarily with the equilibrium of bodies subjected to force systems. It 
has been introduced in Physics courses and is reviewed here to refresh your memories of 
the major components that make up the subject. Forces and moments are the two entities 
that are of most interest in Statics. Let's review them. 

Forces, Moments, and Resultants 
A force is the manifestation of the action of one body upon another. Forces arise from the 
direct action of two bodies in contact with one another, or from the "action at a distance" of 
one body upon another, as occurs with gravitational and magnetic forces. We classify forces 
as either body forces, which act (and are distributed) throughout the volume of the body, or 
as surface forces, which act over a surface portion of the body. If the surface over which the 
force system acts is very small, we usually assume localization at a specific point in the sur-
face and speak of a concentrated force at that point. 

Mathematically, forces are represented by vectors. Geometrically, a vector is a directed 
line segment having a head and a tail, i.e., an arrow. Its orientation defines the line of action, 
and the direction of the arrow (tail to head) gives the sense of the force. 

Systems of concentrated forces are listed as concurrent when all of the forces act, or 
could act, at a single point; otherwise they are termed non-concurrent systems. Parallel 
force systems are in this second group. Also, force systems are often described as two-
dimensional (acting in a single plane), or three-dimensional (spatial systems). 

47 1 



472 Chapter 18: Engineering Fundamemals 

In addition to the "push or pull" effect on the point at which it acts, a force creates a 
moment about axes passing through the body. Conceptually, a moment may be thought of 
as a tendency to rotate the body upon which it acts about a certain axis. The moment of a 
force R, acting at a point A sketched in Fig. 18.1, about they-axis is found by passing a plane 
normal to they-axis through point A. The component of R in this plane, which we will call F, 
multiplied by the perpendicular distance d from the line of action of F to the y-axis, equals 
the moment of R about they-axis, i.e., 

M y = F X d (18.1.1) 

The resultant force of a system of forces is the equivalent force of the total system. It is 
the vector sum of the individual forces. 

!/ 

R 

Figure l8.J Moment of force R about the y-axis. 

Example 18.1 

Determine the magnitude of the resultant force Rfor the (a) plane, and (b) space concurrent 
systems shown (The force B is in the yz-plane). 

!/ 
!/ 

8 = 200 

50{ 3QP 45° 

A =200 

X 
A= 50 

(a) z (b) 

Solution : a) Sum components in the x-direction: 

R.r = - 100 COS 30° + 200 COS 45° + 50 = 104.8 
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Sum components in they-direction : 

R ,. = 100 sin 30° + 200 sin 45° = 19 1.4 

:. R = Y 104.82 + 191.422 = 218.2 

b) Sum components in the x-, y-, and z-directions: 

Rx = 200 COS 54.7° + 0 = 115.5 

R, = 200 cos 54.7° + 100 cos 45° = 186.3 

R, = 200 cos 54.7° + 100 cos 45° = 186.3 

:. R = Y I 15.52 + 186.32 + 186.32 = 287 .6 

Example 18.2 

z 

Determine the moment of force F: 
(a) about the x-axis. 
(b) about they-axis. 
Distances are measured in meters. 

!/ 

(4,0,0) 
X 

z 

'. d 
f3 "\. 

(0, 0, 3) 

Solution: a) The line of action of F passes through the x-axis. Therefore, d = o and 

Mx = 200 X 0 = 0 

b) The force Facts in a plane normal to the y-axis so we must determine the perpendi-
cular distance d, sketched above: 

d = 3 cos 13 = 3 X 0.8 = 2.4 m 

:. M ,, = F X d = 200 X 2.4 = 480 N · m 
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Equilibrium 
If the system of forces acting on a body is one whose resultant is absolutely zero (vector 
sum of all forces is zero, and the resultant moment of the forces about each of the axes is 
zero), the body is in equilibrium. Mathematically, equilibrium requires the six equations 

L F.= 0 

L F , = 0 

L = 0 

LM.r = 0 

2:M,=O 

2:M, = 0 

(18.1.2) 

which must hold for any orientation of the xyz-system. If the forces are concurrent and their 
vector sum is zero, the sum of moments will be satisfied automatically. 

If all the forces act In a single plane, say the xy-plane, one of the above force equations 
and two of the moment equations are satisfied identically, so that equilibrium requires only 

""-' F = 0 £.J y (18.1.3) 

In this case we can solve for only three unknowns instead of six as when Eqs. 18.1.2 are 
required. 

The solution for unknown forces and moments in equilibrium problems rests firmly upon 
the construction of a good free body diagram, abbreviated FBD, from which the detailed Eqs 
18.1 .2 or 18.1.3 may be obtained. A free body diagram is a neat sketch of the body (or of 
any appropriate portion of it) showing all forces and moments acting on the body, together 
with all important linear and angular dimensions. 

A body in equilibrium under the action of two forces only is called a two-force member, 
and the two forces must be equal in magnitude and oppositely directed along the line join-
ing their points of application. If a body is in equilibrium under the action of three forces (a 
three-force member) those forces must be coplanar, and concurrent (unless they form a 
parallel system). Examples are shown in Fig. 18.2. 

60N t400N 

1m 3m 

3mu====l 
+300N 

4m 

....... ....... ....... ...... ....... .__...1-J ____ _ _,.,. 
100 N 

3m 3m 

BON 

(a) two-force member (b) three-force member (c) parallel system 

Figure 18.2 Plane force systems 

A knowledge of the possible reaction forces and moments at various supports is essen-
tial in preparing a correct free body diagram. Several of the basic reactions are Illustrated in 
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Fig. 18.3 showing a block of concrete subjected to a horizontal pull P, Fig. 18.3a, and a can-
tilever beam carrying both a distributed and concentrated load, Fig. 18.3b. The correct FBDs 
are on the right. 

Ball 
, and 

->>,Socket 

(a) 

p 8 

p 

(b) 

Figure 18.3 Free body diagrams. 

Example 18.3 

Determine the tension in the two cables 
supporting the 700 N block. 

Solution: Construct the FBD of junction A of the 
cables. Sum forces in x and ydirections: 

L F, = - 0.707T ltfJ + 0.8T14c = 0 

. 2: F, = 0.707TAB + 0.6T AC- 700 = 0 

Solve, simultaneously, and find 

TIC = 700/ 1.4 = 500 N 

TAB = 0.8(500)/0.707 = 565.8 N 

By 

p 

c 

y 

A 

700 
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Example 18.4 

A 12-m bar weighing 140 N is hinged to a 
vertical wall at A, and supported by the 
cable 8C. Find the tension in the cable and 
the horizontal and vertical components of 
the force reaction at A. 

Solution: Construct the FBD showing 
force components at A and 8. Write the 
equilibrium equations and solve: 

c 

B 

A 

L M 11 = 6T sin 50° + 6\13T cos 50° - 140(6)\13/ 2 = 0 

:.T = 64.5 N 

L F .. = A, - Tsin 50° =A_,- 64.5(0.766) = 0 

:.A, = 49.4 N 

L Fv = A, + T cos 50° - 140 =A,. + 64.5(0.643) - 140 = 0 

:.A,= 98.5 N 

EXERCISES-STATICS 

18.1 Find the component of A = 200 in the direction of 8 = 100. 
a) 158 
b) 143 
C) 129 
d) 115 

18.2 Find the magnitude of the resultant of A = 100, 8 = 50, and C = 120. 
a) 194 
b) 202 y 
c) 226 
d) 275 

A 
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18.3 Determine the magnitude of the moment about the y-axis of the force F = 500 
(Fx= 300, Fy = 200, Fz =?)acting at (4, 4). 
a) 186 b) 1385 c) 2580 d) 3185 

18.4 Find the magnitude of the moment of the two forces F1 <Fx =50, Fy = 0, Fz = 40) and 
F2 <Fx = 0, Fy = 60, Fz = 80) acting at (2, 0, -4) and (-4, 2, 0), respectively, about the 

18.5 

x-axis. 
a) o b) 80 c) 160 d) 240 

The force system shown may be referred to as being 
a) non-concurrent, non-coplanar 
b) coplanar 
c) parallel 
d) two-dimensional 

18.6 Equilibrium exists due to a rigid support at A in the figure of Prob. 18.5. Find the 
magnitude of the force that exists at A. 
a)153N b)173N c)257N d)382N 

18.7 Equilibrium exists on the object in Prob. 18.5. Find the magnitude of the reactive 
moment that exists at support A. 
a) 915 N · m b) 691 N · m c) 862 N · m d) 721 N · m 

18.8 If three nonparallel forces hold a rigid body in equilibrium, they must 
a) be equal in magnitude. 
b) be concurrent. 
c) be non-concurrent. 
d) form an equilateral triangle. 

18.9 Find the magnitude of the reaction 
at support 8. 
a) 400 N c) 600 N 
b) 500 N d) 700 N :r;;:· 

18.10 What moment M exists at suport A? 
a) 5600 N · m c) 4400 N · m 
b) 5000 N · m d) 4000 N · m 

M 

18.11 Calculate the reactive force at support A. 

4m 

400N ! lOON/m 
t t t t t OAB 

4m · 

400 N 

200N/ m 
a) 250 N c) 450 N 
b)350N d)550N l l 3m ! 8 A --::::e:::r:::I 4 3m 
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18.12 Find the support moment at A. 
a) 66 N · m c) 88 N · m 
b) 77 N · m d) 99 N · m A • 

0.6m 

O.Bm 

lOON 

18.13 Calculate the magnitude of the equilibrating force at A for the three-force body 
shown. 30° 
a) 217 N 
b) 287 N 

c) 343 N 
d) 385 N 

- rafi Fl -
)?100 N 

6m 2m 

18.14 Find the magnitude of the equilibrating force at point A. 
a) 187 N c) 114 N 200 N 2 m 
b) 142 N d) 84 N 

1.2m 200N 

A B 

F 

18.2 DYNAMICS 

Dynamics is separated into two major divisions: kinematics, which is a study of motion with-
out reference to the forces causing the motion, and kinetics, which relates the forces on bod-
ies to their resulting motions. Newton's laws of motion are necessary in relating forces to 
motions; they are: 

1st law: A particle remains at rest or continues to move in a straight line with 
a constant velocity if no unbalanced force acts on it. 

2nd law: The acceleration of a particle is proportional to the force acting on it 
and inversely proportional to the particle mass; the direction of accel-
eration is the same as the force direction. 

3rd law: The forces of action and reaction between contacting bodies are 
equal in magnitude, opposite in direction, and colinear. 

Law of gravitation: The force of attraction between two bodies is proportional to the prod-
uct of their masses and inversely proportional to the square of the dis-
tance between their centers. 

Kinematics 
In rectilinear motion of a particle in which the particle moves in a straight line, the accelera-
tion a, the velocity, and the displacement s are related by 

dv ds d1s dv 
a= -;h• u = ;t;· a= dtz = v ds (18.2.1) 
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If the acceleration is a known function of time, the above can be integrated to give v(t) and 
s{t). For the important case of constant acceleration, integration yields 

v = v,1 +at 

(18.2.2) 

u2 = v! + 2as 

where at t = 0, v = V0 and s0 = 0. 
Angular displacement is the angle a that a line makes with a fixed axis, usually the posi-

tive x-axis. Counterclockwise motion is assumed to be positive, as shown in Fig. 18.4. The 
angular acceleration a, the angular velocity ro, and a are related by 

dw 
a =-dt ' 

d6 w = -
dt ' 

(18.2.3) 

If a is a constant, integration of these equations gives 

(18.2.4) 

where we have assumed that ro = ro0 and 90 = 0 at t = 0. 
When a particle moves on a plane curve as shown in Fig. 18.5, the motion may be 

described in terms of coordinates along the normal n and the tangent t to the curve at the 
instantaneous position of the particle. 

Figure 18.4 Angular motion. 

The acceleration is the vector sum of the normal acceleration an and the tangential accel-
eration a,. These components are given as 

dv a=-
' dt 

(18.2.5) 
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where r is the radius of curvature and v is the magnitude of the velocity. The velocity is 
always tangential to the curve, so no subscript is necessary to identify the velocity. 

It should be noted that a rigid body traveling without rotation can be treated as particle 
motion. 

y 

Figure 18.5 Motion on a plane curve. 

Example 18.5 

The velocity of a particle is v(t) = 5 + 10trnls. Find the acceleration and the displacement at 
t = 10 s, if 50 = 0 at t = 0. 

Solution: The acceleration is found to be 

dv a =-= 10 mjs2 

dt 

The displacement is found using v0 = 5 m/s: 

= 5 X 10 + 10 X 102/ 2 = 550 m 

Example 18.6 

An automobile skids to a stop 60 m after its brakes are applied while traveling 25 m/s. What 
is its acceleration? 

Solution: Since speed and distance are given we use the relationship 

if = + 

Letting v = 0, we find, 

1i 252 
a = - ...!!. = - ----- = -5.21 mjs2 

2s 2 X 60 
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example 18.7 
in at 100 rad/s (counterclockwise), is subjected to an angular 

cw. Find the total number of revolutions (cw plus ccw) through WhiCh the 

wheel rotates in 8 seconds. 
Solution: The time at which the angular velocity is zero is found as follows: 

0 
1 = w., + a1 

. I - - Wo = - 100 = 5 S. 
• • - (X -20 

After three additional seconds the angular velocity is determined by 
0 

w = 1! +ext 

= - 20 x 3 = - 60 rad / s. 

The angular displacement from 0 to 5 s is 

e = wJ + cxt2/2 
= 100 x 5 - 20 X 52/ 2 = 250 rad 

During the next 3 s, the angular displacement is 

e = cxl2/2 
= -20 X 32/ 2 = - 90 rad 

The total number of revolutions rotated is 

e = (250 + 90)/ 2'1T = 54.1 rev 

Example 18.8 
. d ) . h. h a _ o and a = -g Find expres-Consider idealized projectile motion (no a1r rag In w IC x- y • 

sions for the range Rand the maximum height H in terms of Vo and e. 
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Solution: Using Eq. 18.2.2 for constant acceleration in they-direction we have the point 
(R, 0): 

,Jf o , I = (v11 sin 9)t - gr-j2. 

:. t = 2v, sin ej g. 

where (vy) = v0 sin e. From the x-component equation recognizing that ax= 0: 
0 

x = (v0 cos 6)r + !'flf2. 

:. R = (vo cos 9)2vu sin a I g = 2 a I g. 

using 2sm e cos e =sin 29. Obviously, the maximum height occurs when the time is one-half 
that which yields the range R. Hence, with Ymax = H, 

H = v sm a --- - - ---{ 
. ) 'Uu sin a g ( V 0 sin a )2 

o g 2 g 
, 

v;; . , = - sm· e 2g 

Note: The maximum R lor a given V0 occurs when sin 2 e = 1, which means e = 45° for Rmax· 

Example 18.9 

It is desired that the normal acceleration of a satellite be 9.6m/s2 at an elevation of 200 km. 
What should be the velocity be for a circular orbit? The radius of the earth is 6400 km. 

Solution: The normal acceleration, which points toward the center of the Earth, is 

v2 a =-
n r 

: . v = v;;; = Y9.6 X (6400 + 200) x 1000 7960 m/s 

The normal acceleration is essentially the value of gravity near the Earth's surface. Grav-
ity varies only slightly If the elevation is small with respect to the Earth's radius. 

Kinetics 
To relate the force acting on a body to the motion of that body we use Newton's laws of 
motion. Newton's 2nd law is used in the form 

2: = F = ma (18.2.6) 
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where the mass of the body is assumed to be constant and the vector is the acceleration of 
the center of mass (center of gravity) if the body is rotating. 

The gravitational attractive force between one body and another is given by 

(18.2.7) 

where K = 6.67 x 1 o-11 N · m21kg2• Note: Since metric units are used in the above relations, 
mass must be measured in kilograms. The weight is related to the mass by 

W = mg (18.2.8) 

where we use g = 9.8 m/s2, unless otherwise stated. 

Example 18.1 0 

Find the tension in the rope and the distance the 300 kg mass moves in 3 seconds. The mass 
starts from rest and the mass of the pulley is negligible. The force due to friction is 11Nwhere 
Nis the normal force and 11 is the coefficient of friction. The pully is frictionless. 

300 (9.8) 
500 (9.8) 

3 T T 

Solution: First, sketch the free bodies of the two masses and the pulley, as shown. The 
pulley does not change tension Tin the rope. Next, sum forces normal to the surface: 

N - 500 x 9.8 X 0.6 = 0. :.N = 2940N. :.F = 11-N = 294 N 

Applying Newton's 2nd law to the 500 kg mass parallel to the surface gives 

2: F = ma 

0.8 X 500 X 9.8 - 294 - T = 500 a 
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Solution: Using Eq. 18.2.2 for constant acceleration in the y-direction we have the point 
(R, 0): 

0 ,1= (vo sin !l)r - grf2. 

:. r = 2v, sin 6/ g. 

where ( vy) = v0 sin e. From the x-component equation recognizing that ax= 0: 

0 
x = (v, cos O)r + /'xr f2. 

:. R = (vo cos e)2v., sin f) I g = 2 a I g. 

using 2sin e cos e = sin 28. Obviously, the maximum height occurs when the time is one-half 
that which yields the range R. Hence, with Ymax = H, 

H - ( . fl )v" sinfl g(V0 Sin9)2 
- V0 SlD --g- - l - -g-

Note: The maximum R for a given v0 occurs when sin 2 e = 1, which means e = 45° for Rmax· 

Example 18.9 

It is desired that the normal acceleration of a satellite be 9.6rnJs2 at an elevation of 200 km. 
What should be the velocity be for a circular orbit? The radius of the earth is 6400 km. 

Solution: The normal acceleration , which points toward the center of the Earth, is 

v 2 
a =-
" r 

:. v = v;;; = Y 9.6 x (6400 + 200) x 1000 = 7960 rn/s 

The normal acceleration is essentially the value of gravity near the Earth's surface. Grav-
ity varies only slightly if the elevation is small with respect to the Earth's radius. 

Kinetics 
To relate the force acting on a body to the motion of that body we use Newton's laws of 
motion. Newton's 2nd law is used in the form 

L = F = ma {18.2.6) 
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where the mass of the body is assumed to be constant and the vector is the acceleration of 
the center of mass (center of gravity) if the body is rotating. 

The gravitational attractive force between one body and another is given by 

m 1rrh F = K - - · ? 
(18.2.7) 

where K = 6.67 x 1 o-11 N · m2/kg2. Note: Since metric units are used in the above relations, 
mass must be measured in kilograms. The weight is related to the mass by 

W = mg (18.2.8) 

where we use g = 9.8 m/s2, unless otherwise stated. 

Example 18.10 

Find the tension in the rope and the distance the 300 kg mass moves in 3 seconds. The mass 
starts from rest and the mass of the pulley is negligible. The force due to friction is 1-1Nwhere 
N is the normal force and 1.1 is the coefficient of friction. The pully is frictionless. 

300 (9.8) 
500 (9.8) 

3 T T 

Solution: First, sketch the free bodies of the two masses and the pulley, as shown. The 
pulley does not change tension Tin the rope. Next, sum forces normal to the surface: 

N - 500 X 9.8 X 0.6 = 0. : . N = 2940 N. :. F = ILN = 294 N 

Applying Newton's 2nd law to the 500 kg mass parallel to the surface gives 

'LF = ma 

0.8 X 500 X 9.8 - 294 - T = 500 a 



Chapter 18: Engineering Fundamemals 

By studying the pulley we observe the 300 kg mass to also be accelerating at a. Hence 
' 

2:F = ma 

T - 300 X 9.8 = 300 X a 

Solving the above equations simultaneously results in 

a = 0.8575 mj s2, T = 3197 N 

The distance the 300 kg mass moves is 

1 1 
s = 2 atl = 2 X 0.8575 X 32 = 3.31 m 

Example 18.11 

the tension in the string if at the position shown, V= 4 m/s. Calculate the angular accel-
eration. 

JQO I 
....... I 

I 
I 

10 kg 

11 

Solution: Sum forces in the normal direction and obtain 

10 X9.8 

T - 10 X 9.8 cos 30° = 10 X 42 I 0.6 

:. T = 352 N 

Sum forces in the tangential direction and find 

2: F, = ma, = mra 

lO x 9.8 sin 30° = 10 x 0.6a 

:. a = 8.17 radj s2 
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EXERCISES-DYNAMICS 

18.15 An object is moving with an initial velocity of 20 m/s. If it is decelerating at 
5 m/s2 how far does it travel before it stops? 
a) 10 m b) 20 m c) 30 m d) 40 m 

18.16 A projectile is shot straight up with v0 = 40 m/s. After how many seconds will it return 
if drag is neglected? 
a) 4s b) 6s c)8s d) 10s 

18.17 An automobile is traveling at 25 m/s2. It takes 0.3 s to apply the brakes after which 
the deceleration is 6.0 m/s2• How far does the automobile travel before it stops? 
a) 40 m b) 45 m c) 50 m d) 60 m 

18.18 A wheel accelerates from rest with a = 6 rad/s2 . How many revolutions are experi-
enced in 4 s? 
a) 7.64 b) 9.82 c) 12.36 d) 25.6 

18.19 A 2-m-long shaft rotates about one end at 20 rad/s. It begins to accelerate with 
a = 10 rad/s2• After how long will the velocity of the free end reach 100 m/s? 
a) 3 s b) 4 s c) 5 s d) 6 s 

18.20 A roller-coaster reaches a velocity of 20 m/s at a location where the radius of cur-
vature is 40 m. Calculate the acceleration, in m/s2• 

a) 8 b) 9 c) 10 d) 12 

18.21 A bucket full of water is to be rotated in the vertical plane. What minimum angular 
velocity, in rad/s, is necessary to keep the water inside if the rotating arm is 120 em? 
a) 2.86 b) 3.15 c) 3.86 d) 4.26 

18.22 An automobile is accelerating at 5 m/s2 on a straight road on a hill where the radius 
of curvature of the hill is 200 m. What is the magnitude of the total acceleration 
when the car's speed is 30 m/s? 
a) 5 m/s2 b) 5.46 mfs2 c) 6.04 mfs2 d) 6.73 mfs2 

18.23 A particle experiences the displacement shown. What is its velocity at t = 1 s? 

s 

s= 2m a circular arc 

1=2s 

a) -0.58 m/s b) -o. 76 m/s c) -0.92 m/s d) - 1.0 m/s 

18.24 Neglecting the change of gravity with elevation, estimate the speed a satellite must 
have to orbit the earth at an elevation of 100 km. Earth's radius = 6400 km. 
a) 4000 m/s b) 6000 m/s c) 8000 m/s d) 10 000 m/s 

18.25 Find an expression for the maximum range of a projectile with initial velocity v0 at 
angle 9 with the horizontal. 

. a) - sm 2 e g 
vz 

c) 2; sine 
vz 

d) _!. cos e 
g 
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18.44 A cycle undergoes the following processes. All units are kJ. Find Eafter tor the 
process 1-42. 

1--+ 2 

2--+ 3 

a) 10 

Q 

20 

30 

w 

5 

-5 

b) 15 

tiE 

5 

c) 20 

18.45 For tho cycle of Problem 18.44 find W3-1• 

a) 50 b) 60 c) 70 

Ebetore 

10 

30 

d) 25 

d) 80 

18.46 Ten kil•ograms of -1 ooc ice is added to 1 00 kg of 20°C water. What is the eventual 
temperature, in °C, of the water? Assume an insulated container. 
a) 9.2 b) 10.8 c) 11.4 d) 12.6 

18.47 Select the incorrect statement. (0- W=tiU) 
a) Work and heat transfer represent energy crossing a boundary. 
b) Th€! differentials of work and heat transfer are exact. 
c) Work and heat transfer are path integrals. 
d) Nel work and net heat transfer are equal for a cycle. 

18.48 Determine the work, in kJ , necessary to compress 2 kg of air from 1 00 kPa to 
4000 k.l=>a If the temperature is held constant 300°C. 
a) b) -1105 c) -932 d) -812 

18.49 There are 200 people in a 2000 m2 room, lighted with 30 W/m2• Estimate the max-
imum temperature increase, in °C, if the ventilation system fails for 20 min. Each 
person generates 400 kJ/h. The room is 3 m high. 
a) 5.6 b) 6.8 c) 8.6 d) 13.4 

18.50 Estimate the average cP value, in kJ/kg · K, of a gas if 522 kJ/kg of heat are neces-
sary to raise the temperature from 300 K to 800 K holding the pressure constant. 
a) 1.0100 b) 1.026 c) 1.038 d) 1.044 

18.51 How rnuch heat, in kJ, must be transferred to 10 kg of air to increase the tempera-
ture frc>m 1 ooc to 230°C if the pressure is maintained constant? 
a} 2200 b) 2090 c) 1890 d) 1620 

18.52 A tire is pressurized lo 1 00 kPa gauge in Michigan where T = 0°C. In Arizona the 
tire is at 70°C. Assuming a rigid lire, eslimate the pressure in kPa gauge. 
a) 120 b) 130 c) 140 d) 150 

18.53 Air expands in an insulated cyl inder from 200°C and 400 kPa to 20 kPa. Find T2 in 
oc. 
a) - 24 b) -28 c) -51 d) - 72 

18.54 During an isentropic expansion of air, the volume triples. If the initial temperature is 
200°C, find T2 in ac. 
a) 32 b) 28 c) 16 d) 8 

18.55 Find the work, in kJ/kg, needed to compress air isentropically from 20°C and 
1 00 kF'a to 6 MPa. 
a) -523 b) -466 c) -423 d) -392 
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18.56 What is the energy requirement, in kW, for a pump that is 75% efficient if it increases 
the pressure of 10 kg/s of water from 10 kPa to 6 MPa? 
a} 60 b) 70 c) 80 d) 90 

18.57 A river 60 m wide and 2 m deep flows at 2 m/s. A hydro plant develops a pressure 
of 300 kPa gage just before the turbine. What maximum power, in MW, is possible? 
a) 72 b) 64 c) 56 d) 48 

Circuits 
Electric circuits are an interconnection of electrical components for the purpose of either 
generating and distributing electrical power; converting electrical power to some other use-
ful form such as light, heat, or mechanical torque; or processing information contained in an 
electrical form (i.e., electrical signals). Most electrical circuits contain a source (or sources} 
of electrical power, passive components which store or dissipate energy, and possibly active 
components which change the electrical form of the energy or information being processed 
by the circuit. 

Circuits may be classified as Direct Current (DC) circuits when the currents and voltages 
do not vary with time or as Alternating Current (AC) circuits when the currents and voltage 
vary sinusoidally with time. Both DC and AC circuits are said to be operating in the steady 
state when their respective currenVvoltage time variation is purely constant or purely sinu-
soidal with time. A transient circuit condition occurs when a switch is thrown that turns a 
source either on or off. This review will cover the DC steady-state. The primary quantities of 
interest in making circuit calculations are presented in Table 18.1. 

TABLE 18.1 Quantities Used in Electric Circuits 

Quantity S\'mbol 

Charge Q 

Current 

Voltage v 

Energy w 

Power p 

Unit 

coulomb 

ampere 

volt 

joule 

wall 

Defining Equation 

Q = Jldt 
I = dQ 

dt 

V = dW 
dQ 

W = J V dQ -= J Pdt 

p = dW 
dt 

I V 

Definition 

Time rate of fl ow of charge 
past a poin1 in the circuit. 

Energy per unit charge either 
gained or lost through a circuit 
e lemen1. 

Power is the time rate of 
energy flow. 
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Circuit Cc,mponents 
The circuits mviewed in this section will contain one or more sources interconnected with 
passive components. These passive circuit components include resistors, inductors and 
capacitors. 

a) Resistors absorb energy 
and have a resistance value 
R measured in ohms 

b) Inductors store energy 
and have an value L 
measured in henries 

c) Capacitors store energy 
and have a capacitance value C 
measured in farads 

:__ ___ ]' 

Sources o•f Electrical Energy 

v 
1 = "R {18.4.1) 

VOLTS 
AMPERES = OHMS 

V = L dl 
dt (18.4.2) 

VOLTS= AMPERES· HENRIES 
SECONDS 

dV l=C-
dt {18.4.3) 

MPERES =VOLTS· FARADS 
A SECONDS 

Sources in electric circuits can be either independent of current and/or voltage values else-
where in the circuit, or they can be dependent upon them. In this section only independent 
sources will bet considered. Fig. 18.6 shows both ideal and linear models for current and volt-
age sources. 

R=O -
VOLTAGE 

CURRENT R v 
I 

r--1 - ----<0 

/CD I 
v 
I 

R=oo 

Linear model Ldeal model 

Figure 18.6 Ideal and linear models of current and voltage sources. 
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Kirchhoff's Laws 
Two laws of conseNation govern the behavior of all electrical circuits: 

a) Kirchhoff's Voltage Law (KVL), for the conseNation of energy, states that the sum 
of voltage rises or drops around any closed path in an electrical circuit must be 
zero: 

V DROPS= 0 V RISES= 0 (around closedpatb) (18.4.4) 

b) Kirchhoff's Current Law (KCL), for the conseNation of charge, states that the flow 
of charges either into (positive) or out of (negative) any node in a circuit must add 
to zero: 

(atnode) (18.4.5) 

Ohm's Law 
Ohm's Law is a statement of the relationship between the voltage across an electrical com-
ponent and the current through the component. For DC circuits, where the components are 
resistors, Ohm's law is 

V = IR or I = Vf R (18.4.6) 

For AC circuits, with resistors, capacitors and inductors, Ohm's law, stated in terms of the 
component impedance Z, is 

V = IZ or 1 = Vf Z (18.4.7) 

where all variables can be complex (real and imaginary parts) . 

Reference Voltage Polarity and Current Direction 
Circuit analysis requires defining first a reference current direction with an arrow placed next 
to the circuit component. For each of the components a reference current direction is arbi-
trari ly defined. Once the current reference direction is defined, the voltage reference polar-
ity marks can be placed on each component. The polarity marks on passive components are 
always placed so that the current flows from the plus ( +) mark to the minus(-) mark, the pas-
sive sign convention. 

Current values can be either positive or negative. A positive current value shows that the 
current does in fact flow in the reference direction. A negative current value shows that the 
current flows opposite to the reference direction. Voltage values can be either positive or 
negative. A positive voltage value indicates a loss of energy or reduction in voltage when 
moving through the circuit from the plus polarity mark to the minus polarity mark. A negative 
voltage value indicates a gain of energy when moving through the circuit from the plus polar-
ity mark to the minus polarity mark. 
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It is prope1r electrical terminology to talk about voltage drops and voltage rises. A voltage 
drop is experienced when moving through the circuit from the plus (+) polarity mark to the 
minus(-) polarity mark. A voltage rise is experienced when moving through the circuit from 
the minus(-) polarity mark to the plus (+) polarity mark. 

Circuit Equations 
When writing circuit equations, the current is assumed to have a positive value in the refer-
ence direction and the voltage is assumed to have a positive value as indicated by the polar-
ity marks. To write the KVL circuit equation one must move around a closed path in the cir-
cuit and sum all the voltage rises or all the voltage drops. For example, for the circuit in Fig. 
18.7 begin at point a and move to b, then c, then d, and back to a . For :LV RISEs = 0 obtain 

For :LV DROPs obtain 

Either of equations can now be solved for the one unknown current 

where RBq is the equivalent resistance for the circuit. 

.-----+JVV111'--------, c 

v 
-/ 

-
+ 

Figure 18.7 A simple circuiL 

Circuit Equations Using Branch Currents 

(18.4.8) 

(18.4.9) 

(18.4.1 0) 

The circuit in Fig. 18.8 has meshes around which two voltage equations (KVL) can be writ-
ten. There are, however, three branches in the circuit. An unknown current with a reference 
direction is assumed in each branch. The polarity marks are indicated for each resistor so 
the KVL can be written. Write two KVL equations. one around each mesh. Using 
LV DROPs = 0 obtain: 

(18.4.11) 
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Write one KCL equation at circuit node a. This additional equation is necessary since there 
are three unknown currents: 

(18.4.12) 

R, R4 
+ n + - -'· + [2 + 

v. IJ! R2 [2! Rs 

/I 12 - -
R, + 

R6 
+ 

Figure 18.8 A circuit with two meshes and three branches. 

These three equations can be solved for 11, 12, and 13• The current I, is (see Eq. 16.5.8) 

v. 0 R2 
0 R4 + Rs + R6 -R2 
0 - 1 - 1 

R1 + R3 0 Rz 
(18.4.13) 

0 R4 + Rs + R6 - R2 
1 - 1 -1 

Circuit Equations Using Mesh Currents 
A simplification in writing the circuit equations for Fig. 18.8 occurs if mesh currents are used. 
Note that 

(1 8.4.1 4) 

Redefine the reference currents in the network of Fig. 18.8 as shown in Fig. 18.9. Now 
there are only two unknown currents to solve for instead of the three in Fig. 18.8. The cur-
rent through R1 and R3 is 11• The current through R4, R5 and R6 is 12• The current through R2 
is 11 - 12 which is consistent with the KCL equation written for the network of Fig. 18.8. Write 
two KVL equations, one around each mesh: 

(18.4.15) 
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These two equations can be solved for /1 and /2• The current /1 is equivalent to that of Eq. 
18.4.13: 

(18.4.16) 

R, R4 
+ a + 

+ - + 
v. 0) Rz 0) R, 

- + 

+ + 
RJ R, 

Figure 18.9 A circuit with two meshes. 

Circuit Simplification 
It is possible to simplify a circuit by combining components of the same kind that are grouped 
together in the 1::ircuit. The formulas for combining several Rs to a single R, several L's to a 
single L and SElveral Cs to a single C are found using Kirchhoff's laws (see Eq.18.4.1 0). 
Consider two in series as shown in Fig. 18.11. We see that Leq = L1 + L2• Combi-
nations of circuit components are summarized in Table 18.2. 

( -....,.... 
V I 
"' 

v - L dl - I . dl = 0 1 dr "-'2 dr 
dl 

V - (L1 + '--2) dt = 0 

V - L dl = 0 
•q dr 

Figure 18.11 Circuit Simplification. 

TABLE 18.2 Circuit Components in Series and Parallel 

Compone111 Series 

R 

L 

c 1 +-eN 

Parallel 

I + -
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DC Circuits 
In a DC circuit the only crucial components are resistors. Another component, the inductor, 
appears as a zero resistance connection (or short circuit) and a third component, a capaci-
tor, appears as an infinite resistance, or open circuit. The three circuit components are sum-
marized in Table 18.3. 

TABLE 18.3 DC Circuit Components 

Compone111 Impedance Current 

+:J' V R R I = V f R 

+:11 
Inductor V L Zero UnconMrained 

(Sbon Circuit) 

Capacitor Infinite Zero 
(Open Circuit) 

Example 18.20 

Compute the current in the 1 0 n resistor. 

Solution: Assume loop currents 11 and 
/2 . Write KVL around both meshes: 

2: V DROPS= 0 

Power 

P = 12 R = V2f R 

None 
dissipated 

None 
dissipated 

s n +,., .• -

Mesh 1: -20 +51,+ 101, - 10/2 = 0 

Mesh 2: 

These are arranged as 

The solution is 

I ,= L.57 A , / 2 = 0.35 A 

Energy Stored 

one stored 

W L = 

1 > We= -cv-
2 
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The current in thE! 1 on resistor is 

/ = / 1- / 2 

= 1.57 - 0.35 = 1.22 A 

Example 18.21 ·-------
Compute the power delivered to the 6Q resistor. 

18Q 0.5 H 

6Q 

Solution: Only one current path exists since no DC current flows through a capacitor; the 
voltage drop across the inductor is zero. Write KVL: 

2: V DROPS= 0 

-12 + 181, + 6 / 1 = 0 

/ 1 = 0.5 A 

The power is then 

= 0.52 X 6 = 1.5 W 

EXERCISES-ELECTRICAL CIRCUITS 

18.58 For the circuit below, with voltages' polarities as shown, KVL in equation form is 

a) V1 + oVz + V3 - V4 + V5 = 0 
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18.59 Find /1 in amps. lrr= a) 12 
b) 15 
C) 18 36A A. lOQ 'rr d) 21 lOQ 

SQ 20Q 

18.60 Find the magnitude and sign of the power, in watts, absorbed by the circuit element 

18.61 

18.62 

18.63 

in the box. 2 A 3 Q 
a) - 20 
b) - 8 
c) 8 10 v 
d) 12 

For the circuit shown, the voltage across the 4 ohm resistor is, with v = 1 V 
a) 1/4 
b) 1/2 
c) 2/3 v 
d) 2 

8Q 

A 10011F capacitor has The capacitor voltage at t = 2.5 seconds (V(O) = 
1.0V) is most nearly Ic(t) 
a) -24 
b) -25 
c) 25 1.0 2.0 3.0 
d) 26 

-1 mAl------

The voltage across the 5 ohm resistor in the circuit shown is 
a) 1.0 
b) 2.5 
C) 3.0 
d) 5.83 

3Q SQ l OQ 

15 v -=- -=- 6 v 
-TL__ __ T-
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18.64 The power delivered to the 5 ohm 
resistor is 
a) 1.5 
b) 2.15 
c) 2.85 
d) 3.2 

18.65 

sn 

12 v-=- sn 20.Q 

The voltage across a 1 0)JF capacitor is 50t2 V The r . . . 
store 200 J of energy is most nearly . •me, m seconds, II Will take to 

a) 0.15 b) 0.21 c) 1.38 d) 11.25 

The equnvalent resistance, in ohms, between points a and b ·nth . . b . 
a) 3 I e CirCUli elow IS 

18.66 

b) 5 4.Q 
c) 7 
d) 8 

20 v 
6.Q 

18.67 The voltage v2 is 
a) 6.4 
b) 4.0 
c) 2.0 
d) 5.6 

18.68 Find /1 in amperes. 
sn 

a) 4.0 
b) 2.0 
c) 4.11 
d) 2.11 

18.5 ECO 

All designs are intended to produce good results I 
panied by undesilrable effects includin th . n general, good results are accom-
. g e costs of manufactunng or co t I' S mg the best desig1n requires the de . 1 . . ns rue 1on. elect-Signer o ant1c1pate and compa th d 
comes. If outcomes are evaluated in dollars an . •. .. . . re e goo and bad out-
value, then design decisions may beg .d d 'b d If good .IS deflne.d as positive monetary 

Ul e Y an econom1c analys1s. 

Value and Interest 
"Value" is not synonymous with "amount " Th 
when the amount is received . e value of an amount of money depends on 
lar one year from now is of exa7:1e, the promise that you will be given a dol-
between the anticipated amount and 't you an a dollar received today. The difference 
expressed as a rate. If an is interest and is frequently 

o per year IS used, the expectation of 

Chap1er 18: Engineering Fundamemals 509 

receiving $1.00 one year hence has a value now of about $0.91 . In economics, interest usu-
ally is stated in percent per year. If no time unit is given, "per year" is assumed. 

Example 18.22 

What amount must be paid in two years to settle a current debt of $1 ,000 if the interest rate 
is6%? 

Solution: Value after one year = 1 000 + 1 000 x 0.06 
= 1 000(1 + 0.06) 
= $1060 

Value after two years = 1060 + 1060 x 0.06 
= 1000(1 + 0.06)2 
= $1124 

Hence. $1 ,124 must be paid in two years to settle the debt. 

Cash Flow Diagrams 
As an aid to analysis and communication, an economics problem may be represented 
graphically by a horizontal time axis and vertical vectors representing dollar amounts. The 
cash flow diagram for Example 18.22 is sketched in Fig. 18.11. Income is up and expendi· 
lures are down. It is important to pick a point of view and stick with it. For example, the vec-
tors in Fig. 18.11 would have been reversed if the point of view of the lender had been 
adopted. It is a good idea to draw a cash flow diagram for every economics problem that 
involves amounts occurring at different times. 

$1000 

1 2 

$1124 

Figure 18.11 Cash How diagram ror Example 18.22. 

In economics, amounts are almost always assumed to occur at the ends of years. Con-
sider, for example, the value today of the future operating expenses of a truck. The costs 
probably will be paid in varied amounts scattered throughout each year of operation, but for 
computational ease the expenses in each year are represented by their sum (computed 
without consideration of interest) occurring at the end of the year. The error introduced by 
neglecting interest for partial years is usually insignificant compared to uncertainties in the 
estimates of future amounts. 

Cash Flow Patterns 
Economics problems involve the following four patterns of cash flow, both separately and in 
combination. They are illustrated in Fig. 18.12. 
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