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4. For several values of x, use MATLAB to confirm that sinh x =
(e* —e%)/2.
5. For several values of x, use MATLAB to confirm that sinh~! x =
In(x + Vx> 4+ 1), —00 < x < 0.
6. The capacitance of two parallel conductors of length L and radius r,
separated by a distance d in air, is given by
_ mel
(%)
where € is the permittivity of air (¢ = 8.854 x 10~'? F/m).

Werite a script file that accepts user input for d, L, and r, and computes
and displays C. Test the file with the values: L = 1 m, r = 0.001 m, and
d = 0.004 m.

When a belt is wrapped around a cylinder, the relation between the belt
forces on each side of the cylinder is

Fi = Fyef

where £ is the angle of wrap of the belt and j is the friction coefficient.
Write a script file that first prompts a user Lo specify 8, yt, and F; and then
computes the force Fy. Test your program with the values B = 130°,

u =0.3,and F> = 100 N. (Hint: Be carefu] with B

Section 3.2

8. The MATLARB trigonometric functions expect their argument to be in
radians. Write a function called sind that accepts an angle x in degrees
and computes sin x. Test your function.

9. Write a function that accepts temperature in degrees F and computes the
corresponding value in degrees C. The relation between the two is

5
T°C= §(T °F —32)

Be sure to test your function.

10.* An object thrown vertically with a speed vy reaches a height /1 at time /.
where

1,
h = vgr — igt'

Write and test a function that computes the time  required to reach “l

specified height &, for a given value of vy. The function’s inputs shou

be /1, vy, and g. Test your function for the case where i = 100 m-

vo = 50 nvs, and g = 9.81 m/s”. Interpret both answers. .
11. A water tank consists of a cylindrical part of radius r and heighg h. a;l

hemispherical top. The tank is to be constructed to hold SOQ m- “'hew is

filled. The surface area of the cylindrical part is 2;rrh, and 115 "Ulun dis

. N . - ) )
nr?h. The surface area of the hemispherical top is given by 277




i’

\

12.

13.

14,

’JI'I’I"_"r[',

volume is given by 21 /3. The cost 1o construct the cylindrical part of the
gank I8 $300 per square meter of surface area; the hemispherical part costs
§400 per square metcr, Use the minbnd function to compute the rmlius.
(hat results in the least cost. Compute the corresponding height /r,

A fence around a field is shaped as shown in Figure P12, It consists of a
rectangle of length L and width W, and a right triangle that is symmetrical
about the central horizontal axis of the rectangle. Suppose the width W is
known (in meters), and the enclosed area A is known (in square meters).
write a user-defined function file with W and A as inputs. The outputs are
the length L required so that the enclosed arca is A, and the total length of
fence required. Test your function for the values W = 6 m and A = 80 m?,

L

Figure P12

A fenced enclosure consists of a rectangle of length L and width 2R, and a
semicircle of radius R, as shown in Figure P13, The enclosure is to be
built to have an area A of 1600 ft2. The cost of the fence is $40 per foot
for the curved portion, and $30 per foot for the straight sides. Use the
fminbnd function to determine with a resolution of 0.01 ft the values of
R and L required to minimize the total cost of the fence. Also compute the

minimum cost.

< L

-

2R

Figure P13

Using estimates of rainfall, evaporation, and water consumption, the town
engineer developed the following model of the water volume in the

reservoir as a function of time.
V) = 10° + 10%(1 — e

where V is the water volume in liters, 7 is time in days, and r is the town’s
consumption rate in liters/day. Write two user-defined functions. The first
function should define the function V(r) for use with the fzero function.

—r/l()O) —rt
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15.

16.

17.

The second function should use £zero to compute how long it will take
for the water volume to decrease to x percent of its initial value of 10 L.
The inputs to the second function should be x and r. Test your functiong
for the case where x = 50 percent and r = 107 L/day.

The volume V and paper surface area A of a conical paper cup are given by

1
V= §nr2h A=mnrvVrt+hp?

where r is the radius of the base of the cone and 4 is the height of the cone.
a.

By eliminating h, obtain the expression for A as a function of r and V.
b. Create a user-defined function that accepts R as the only argument

and computes A for a given value of V. Declare V' to be global within
the function.

c. ForV =10in3

» use the function with the fminbnd function to

compute the value of r that minimizes the area A. What is the
corresponding value of the hej

ght h? Investigate the sensitivity of the
solution by plotting V versus r. How much can R vary about 1ts‘
optimal value before the area increases 10 percent above its minimum
value?

A torus is a shaped like 3 doughnut.
radius is b, its volume and surface

1
V= :171’2(0 + b)(b — a)?

If its inner radius is a and its outer
area are given by

A =n’(b* —a?)
Create a user-defined functiop that computes V and A from the
arguments g and p. the
_SUPPOSC: that the outer radius is constrained to be 2 in. greater lha:
mner radius. Write g script file that uses your function to plot Ad
versus a for 0.25 < ¢4 <4j

n. od
Suppose it is known that the graph of the function y = ax® + bx i +;:ﬁ:e
Passes through four gjver, points (x;, y;),i =1, 2, 3, 4. Write a user-
function that accepts these four poings ag input and computes the oS
coefficients a, b, ¢, and ¢ T nction should solve four linear equ ¢
in terms of the four unknowns a, p, ¢, and d. Test your function fo;e
case where (x;, y;) = (-2, —20), (0, 4), (2, 68), and (4, 508), Who
answerisa =7 p =5,¢c= —6, and d = 4.

Section 3.3

18.

19.

"
Use the gen_plot functiop described in Section 3.3 t0 Oblmnj;- and
subplots, one plot of the function 10e-2* over the range 0 <% =
the other a plot of 5 SIN(27 x /3) over the range 0 < x < 6.
Create an

, A .+ 1o plot the 1V
anonymous function for 10e~2% and use it to P

“C[ifﬁﬂ
over the range 0 < y <2.
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IS.

Are these following expressions cquival
answer for specilic values ol d, N
a. 1. (a==b)&l (bzzc)|(a==C))

b.

ent? Use MATLAR T

) Che
Land d. Checy

' yt’llr

(a==b)|((b==C)& (a==C))
. (a<b)& ((a>c)|(a>d))
(a<b) & (a>c)|( (a<h)& (a>d))

~

N —

Section 4.4

16.

17.

18,

19.

Rewrite the following statements 10 USC only one i f statemep,,

if x < vy
if z < 10
w = xX*y*z
end
end

Write a program that accepts a numerical \.faluc X from 0 to 100 44 inpug
and computes and displays the corresponding letter grade given by the
following table.

A x>290
B 80 <x <89
C 0<x<179
D 60<x<69
F x <60

a. Use nested if statements in your program (do not use elseq ).

b. Useonly elseif clauses in your program.

Write a program that accepts a year and determines whether or not (he year
is a leap year. Use the mod function. The output should be the variable
extra_day, which should be 1 il the year is a leap year and 0 otherwise.
The rules for determining leap years in the Gregorian calendar are:

All years evenly divisible by 400 are Icap years.

Years evenly divisible by 100 but not by 400 are not leap years.
Ycars divisible by 4 but not by 100 are leap years.

All other years are not leap years.

For example, the years 1800, 1900, 2100, 2300, and 2500 are not leap
years, but 2400 is a leap year.
Figure P19a shows a mass-spring model of the type used to design
packaging systems and vehicle suspensions, for example. The springs
exert a force that is proportional to their compression, and the
proportionality constant is the spring constant k. The two side springs
provide additional resistance if the weight W is too heavy for the center
spring. When the weight W is gently placed, it moves through a distance f

B, 18 =

1




Problems

jore coming to rest. From statics, the weight foree must balance the
ML i Ve

. ing forees at this new position, Thug

\\I“’

W=k iy <
\V:Mx+2hu—d) ifx >

These relations can be used to generate (he Plotof W versus v, shown in
Figure P19b.

a. Create a function file that computes (he dist

parameters W, ky, ks, and d, Test your func
cases, using the values ky = 104 N/m: &

ance x, using the input
tion for the following two
»=1S5x 10" N/ d =01 m,

W =500N
W =2000 N

b. Use your function to plot x versus W for0 < W <3000 N for the
values of ky, ki, and o given in part q.

X

w \ Platform
d 1
k2 k?

W//////?’/////////////////////////Z
(a)

X= (W + 2k,d}/(k, + 2k,)

Figure P19
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Section 4.5

20. Thc(_\'.\')c:nnrdinalcsof.'lccnninnhjt:(.‘lll.\i\IUHCliUﬂOflimcy-,rL_ ,
. are g,

21.

22,

x(r)y=>51-10 y(t) = 2517 — 1201 + 144 “Nhy

for 0 < 1 < 4. Write a program {0 determine the time at whjc, the
. - - . 1 v q Teat ‘0 .‘
is the closest to the origin at (0, 0). Determinc also the minimyp, di\:’m'

Do this two ways:
a. By using a for loop.
bh. By not using a for loop.

Consider the array A.

3 5 -4
A=| -8 -1 33
-17 6 -9

Write a program that computes the array B by computing the natury|
logarithm of all the elements of A whose value is no less than 1, ang add
20 to each element that is equal to or greater than L. Do this two wayy: in
a. By using a for loop with conditional statements. '

b. By using a logical array as a mask.

- We want (o analyze the mass-spring system discussed in Problem 19 f,,

the case in which the weight W is dropped onto the platform attached (o
the center spring. If the weight is dropped from a height & above the
platform, we can find the maximum spring compression x by equating
the weight's gravitational potential energy W (7 + x) with the potentia]

energy stored in the springs. Thus
Wh+x) = skix*  ifx <d

which can be solved for x as

W+ VW 2k W
_WEVE AR ifx<d

ky

X

and
Wh+x) = Skix® + 3Q2k)(x —d)?  ifx 2d
which gives the following quadratic equation to solve for x:
(ky + 2ka)x® — (bkad +2W)x + 2kpd* = 2Wh =0 ifx 2d

a. Create a function file that computes the maximum compression X due

to the falling weight. The function’s input parameters are ki, k2, d, W,
and 4. Test your function for the following two cases, using the values
ky = 10* N/m; k; = 1.5 x 10* N/m; andd = 0.1 m.

W=100N,h=0.5m
W =2000N, /2 =0.5m
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Probloms

Use your function file to generate a plotof x versus  for() < h < 2 m,
b U;,C i = 100 N and the preceding values for &}, k5, and d.
ectrical resistors are said Lo be connected “in series” if the same current
E :r»;es through each and “in parallel” if the same voltage is applied across
e:'ci] If in series, they are equivalent 1o a single resistor whose resistance
is given by

R= R|+R2+R3+"'+Ru
If in parallel, their equivalent resistance is given by

1_1+1+1+ +1
R R R ' Ry R,

Write an M-file that prompts the user for the type of connection (series or

parallel) and the number of resistors n and then computes the equivalent
resistance.

724. a. Anideal diode blocks the flow of current in the direction opposite that

of the diode’s arrow symbol. It can be used to make a half-wave

rectifier as shown in Figure P24a. For the ideal diode, the voltage vy
across the load Ry is given by

- Ug ifU3>0
L=0 ifug<o

Suppose the supply voltage is
vs(t) = 3¢~ /3 sin(;rt) volts

where time 7 is in seconds. Write a MATLAB program to plot the
voltage v; versus ¢t for0 < < 10.

b. A more accurate model of the diode’s behavior is given by the offset
diode model, which accounts for the offset voltage inherent in
semiconductor diodes. The offset model contains an ideal diode
and a battery whose voltage equals the offset voltage (which is
approximately 0.6 V for silicon diodes) [Rizzoni, 1996]. The

half-wave rectifier using this model is shown in Figure P24b. For
this circuit,

_Jus—=0.6 ifvs > 0.6
L=10 if ug < 0.6

Using the same supply voltage given in part a, plot the voltage
v versus ¢ for 0 <t < 10; then compare the results with the plot
obtained in part a.
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N
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v
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(b)

Figure P24

25.* Engineers in industry must continually look for ways to make their
designs and operations more efficient. One tool for doing so is
optimization, which uses a mathematical description of the desigp o
operation to select the best values of certain variables. Many sthisnca[ {
mathematical tools have been developed for this purpose, and some ;uge
in the MATLAB Optimization toolbox. However, problems that have 4
limited number of possible variable values can use MATLAB loop
structures to search for the optimum solution. This problem and the ney
two are examples of multivariable optimization that can be done with the
basic MATLAB program.

A company wants to locate a distribution center that will serve six of
its major customers in a 30 x 30 mi area. The locations of the customers
relative to the southwest corner of the area are given in the following
table in terms of (x, y) coordinates (the x direction is east; the y direction
is north) (see Figure P25). Also given is the volume in tons per week thal
must be delivered from the distribution center to each customer. The
weekly delivery cost ¢; for customer i depends on the volume V; and the
distance d; from the distribution center. For simplicity we will assume
that this distance is the straight-line distance. (This assumes that
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28.*

29.

Lty MATY A

| 2 ] 1
b ""." L
Hours h‘qunrd
| athe | F | LU 1 )
Gondet 0 | : | ::
Milling ] | : 2 >
Unit pront (8) o 150 0 120

a. Determine how many units of cach product the Company
to maximize its total profit and then compute this profir. oy |
the company cannot make fractional units, S0 YOur angy,
in integers. (Hint: First estimate the upper llmil.\ on the
products that can be produced without exceeding the 4y
capacity.)

b.  How sensitive is your answer? How much does the prof,
you make one more or onc less item than the optimum?

I
P‘Un_-,.k g

~ r
-l ”“l\f b
nmnh,r .
;nl.|h|(. '

(I‘:crc.l\ W
“ 1

A certain company makes televisions, stereo units, and Speakers, .
inventory includes chassis, picture tubes. speaker cones, power MIP. ;"‘lm
and elcctronics. The inventory. required components, and profj, fnrp._[t"-
product appear in the following table. Determine how many of CU-Chuch
product to make in order to maximize the profit.

Product B —

Television Stereo unit  Speaker unit lmremof)r

Requirements
Chassis 1 I 0 450
Picture Tube ! 0 0 250
Speaker Cone 2 2 | 800
Power Supply 1 I 0 450
Electronics 2 2 I 600
Unit profit (§) 80 50 40

Use a loop in MATLAB to determine how long it will take to accumulyge
$1,000,000 in a bank account if you deposit $10,000 initially and $10,000
at the end of each year; the account pays 6 percent annual interest.

A weight W is supported by two cables anchored a distance D apart (s
Figure P29). The cable length L 45 is given, but the length L, is 10 be
selected. Each cable can support a maximum tension force equal to W Fyr
the weight to remain stationary, the total horizontal force and total verticy)
force must each be zero. This principle gives the equations

—Trpcos6 + Taccosgp =0
Tapsin® + Ty singg = W




30.*

Problems

Figure P29

We can solve these equations for the tension forces T, 5 and Tyc if we
know the angles 8 and ¢. From the law of cosines

9 = cos™! D’ + Ly — L}
2DLp

From the law of sines

dJ _ sin_] (LAB Sil’l@)

Lac

For the given values D = 6 ft, L,5 = 3 ft,and W = 2000 b, use a loop in
MATLAB to find L 4¢ min, the shortest length L 4 we can use without Tug
or Tac exceeding 2000 Ib. Note that the largest L 4¢ can be is 6.7 ft (which

corresponds to 6 = 90°). Plot the tension forces T4 and T4c on the same
graph versus L 4¢ for L ocmin < Lac < 6.7.

In the structure in Figure P30a, six wires support three beams. Wires 1 and
2 can support no more than 1200 N each, wires 3 and 4 can support no
more than 400 N each, and wires 5 and 6 no more than 200 N each. Three
equal weights W are attached at the points shown. Assuming that the
structure is stationary and that the weights of the wires and the beams are
very small compared to W, the principles of statics applied to a particular
beam state that the sum of vertical forces is zero and that the sum of
moments about any point is also zero. Applying these principles to each
beam using the free-body diagrams shown in Figure P30b, we obtain the
following equations. Let the tension force in wire i be 7;. For beam |

NH+TL=T+T1 +W+Tg
—T3— 4T, — 5SW — 6T+ 7T, =0
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