Chapter 2. MATLAB ® Fundamentals

E2.1: The motion of a piston in an internal combustiagiee is shown in Figures 2.10.

Fig. 2.10.

The piston’s positiors, as seen from the crank shaft center is deternimed

s(t)=r cos(27Ta)t)+\/ b® —r?sin’ (2 mwt) (2.6)
where

b = the length of the piston rod.

r = the radius of the crankshatft.

« = rotational speed of the crankshaft in revolutiper second.



Develop a MATLAB program that determingss.t for 0 <t < 00l1seconds. Use 20

subdivisions on thedomain. Take = 9cm, w=100 revolutions pesecond and

b=14cm Create atable afvs.t and print the results to both the screen andfile.a

The program follows:

% E2_1.m

% This project involves determining the position, s

% of a piston in an engine and tabulates the result

% 0 <=t <=0.01s. 20 sub-divions on the t domain

% Problem parameters are: r=9 cm, omega = 100 rev p
% and b=14 cm.

clear; clc;

r=9; omega=100; b=14;

tt=0:0.0005:0.01,

fo=fopen(‘output.txt','w");

fprintf(fo," t(s) s(cm) \n");

fprintf(fo,' \n’);
fprintf(' t(s) s(cm) \n");

fprintf(" \nY);

for i=1:length(tt)
t=tt(i);
argl=2*pi*omega*t;
arg2=b"2-r"2*(sin(arg1))"2;
s(i)=r*cos(argl)+sqrt(arg2);
fprintf(fo,'%7.4f 9%210.4f \n't,s(i));
fprintf('%7.4f 9%10.4f \n';t,s(i));
end

vs. time, t
s for
are to be used.

er second



Program results

t(s) s(cm)

0.0000  23.0000
0.0005  22.2805
0.0010  20.2432
0.0015  17.2477
0.0020  13.8597
0.0025 10.7238
0.0030 8.2974
0.0035 6.6676
0.0040 5.6809
0.0045 5.1615
0.0050 5.0000
0.0055 5.1615
0.0060 5.6809
0.0065 6.6676
0.0070 8.2974
0.0075 10.7238
0.0080  13.8597
0.0085  17.2477
0.0090  20.2432
0.0095  22.2805
0.0100  23.0000

E2.2: The position, y, of a mass in a mass-spring-daissystem (for a derivation of

Equation (2.7) see Project P2.5) is given by

y:exp(—%tj Aco Tkn_ (Z—ijz t|+Bsi —i:n— [Z—CJ t (2.7)
Take

m = 25.0kg.

¢ = damping factor = 5.0-s/m.

k = spring constant = 200N/m.

A=5.0m.

B =0.25m.

a. Determiney (t) for 0<t<10seconds in steps of 0.1 seconds.



b. Createa Table ofyvs.t every 1 second and print the results both to ¢hees and
to a file.

The program follows:

% E2_2.m

% This program determines the position, y, of a mas s connected to a
% mass-spring-dashpot system. The parameters of the system are:

% m = 25.0 kg, ¢ = 5.0 N-s/m, k = 200.0 N/m, A = 5. Om, B=0.25m.
% The governing equations is y=exp(-ct/2m)(Acos(arg *1)+B sin(arg*t)).
clear; clc;

m=25.0; ¢=5.0; k=200.0; A=5.0; B=0.25;
arg=sqrt(k/m-(c/2/m)"2);

tt=0:0.1:10;

fo=fopen(‘output.txt','w");

fprintf(fo," t(s) y(m) \n%);

forintf(* t(s) y(m) \n');

fprintf(fo,' \n');

fprintf(" \nY);

for i=1:length(tt)
t=tt(i);
y(i)=exp(-c*t/2/m)*(A*cos(arg*t)+B*sin(arg*t));
end
for i=1:10:length(tt)
fprintf('%6.2f  %210.4f \n',tt(i),y());
fprintf(fo,'%6.2f  %210.4f \n"tt(i),y(i));

end

Program Results:



t(s) y(m)

0.00 5.0000
1.00 -4.2316

2.00 3.1875
3.00 -2.0202
4.00 0.8663
5.00 0.1634
6.00 -0.9904
7.00 1.5703

8.00 -1.8912
9.00 1.9684
10.00 -1.8386

E2.3 A basketball player shoots the ball when hens 8om the center of the hoop as

shown Figure 2.11.

6 m >
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Figure 2.11.



The ball is released at a velocit§, and makes angle of 40° with the horizontal. Wé wi
neglect the drag on the basketball in this analysis
Using Newton’s Second Law, which is a vector equmtis

Y F=ma (2.8)
Thex component of Equation (2.8) is

dv,
D> F,;=0=m dtx ~ \, =constant=V, cos{

%(:Vo cos@@) - x=V, cosg Y+g, x(0y 0~ ¢
Thus,
X=V, cos¢ )t (2.9)

They component of Equation (2.8) is

DR =-W="sh o V=-gteg — \(0)= Ysing)=¢
Thus,

2
Vy:%:—gtﬂ/osin(ﬁ) - y=- g%+\ésin(c9)t+ ¢

y(0)=0 - ¢=0
y:VOsin(ﬁ)t—%tz (2.10)

Use the following parameters: = 6.0 m y; = 3.048-1.98n, and & = 40°,
a. Determine the timd;, that it takes for the ball to reach the centethefhoop. Timet,
equals zero when the ball leaves the player’s hands

b. Determine the velocityy,, that will result in the ball reaching the ceraéthe hoop.

c. Create a table consistingtpk, y for O<t<t, in steps of 0.01 s.

Solution:



a. We first need to determirie Rewrite Equations (2.9) and (2.10) in the follogrform:

x=V, cos@ )t,

2

y+%zvosin(19)t

(E2.3a)

(E2.3b)

We know the final position ofx(y) = (x;, ys) at timet;, so solve Equation (E2.3a) fug

and substitut®, into Equation (E2.3b), replacgn(@) / cos{ ) with tan{ and

rearrange terms giving
2 2
t; :a<xf tan@ ) yf)

b. Havingt; andx; , we can determing,

(E2.3¢)

c. & d. Now sub-divide thé domain and determingt) andy(t) to create the desired

table.

The program follows:

% E2_3.m
% This program involves a basketball player shootin
% towards the hoop. As the ball is released, it mak
% of 40 degrees with the horizontal. Drag is neglec
% The problem is to determine the time, tf, it take

% the center of the hoop and the release velocity,

% A table of ball positions (x,y) as a function of

% A plot of (x,y) as a function of time is also cre

% The position of the center of the hoop (xf,yf)is

% The governing equations are xf=Vo*cos(theta)*tf (
% yf=Vo*sin(theta)*tf-0.5*g*tf*2 (Eq 2)

% Solve (Eq 1) for Vo and substitute Vo into (Eq 2)

% yf=xf*tan(theta)-g/2*tf*2 (Eq 3)

g a basketball

es an angle

ted.

s the ball to reach
Vo, of the ball.
time, t, is created.
ated.

known

Eq 1)and

giving



% xf=6-0.28, yf=3.048-1.98

% Substituting xc and yc into (Eq 3) leaves tf as t
clear; clc;

theta=40/180*pi;

g=9.81;

xf=6.0;

yf=3.048-1.98;

tfsq=2/g*(xf*tan(theta)-yf);

tf=sqrt(tfsq);

Vo=xf/(cos(theta)*tf);

fo=fopen(‘output.txt','w");

fprintf(fo,'Exercise E2.3 \n");
fprintf(fo,'Basketball problem \n";
fprintf(fo,'tf=%7.4f s Vo=%7.4f m/s \n\n',tf,VVo);
fprintf(fo," t(s) x(m) y(m) \n%);

fprintf(fo,' \n');

t=0:0.01:tf;

ne=length(t);

for n=1:ne
x(n)=Vo*cos(theta)*t(n);
y(n)=Vo*sin(theta)*t(n)-g/2*t(n)"2;
fprintf(fo,'%6.2f %7.4f %7.4f \n',t(n),x(

end

t(ne+1)=tf;

x(ne+1)=Vo*cos(theta)*tf;

y(ne+1)=Vo*sin(theta)*tf-g/2*tf2;

fprintf(fo,'%6.4f 9%10.4f %10.4f \n'tf,x(ne+1

he only unknown.

n),y(n));

),y(ne+1));



Program results.

Exercise E2.3
Basketball problem
tf= 0.8993 s Vo= 8.7098 m/s

t(s) x(m)  y(m)

0.00 0.0000 0.0000
0.01 0.0667 0.0555
0.02 0.1334 0.1100
0.03 0.2002 0.1635
0.04 0.2669 0.2161
0.05 0.3336 0.2677
0.06 0.4003 0.3183
0.07 0.4670 0.3679
0.08 0.5338 0.4165
0.09 0.6005 0.4641
0.10 0.6672 0.5108

0.80 5.3377 1.3396
0.81 5.4044 1.3167
0.82 5.4711 1.2927
0.83 5.5378 1.2677
0.84 5.6046 1.2418
0.85 5.6713 1.2149
0.86 5.7380 1.1870
0.87 5.8047 1.1581
0.88 5.8714 1.1283
0.89 5.9382 1.0975
0.8993 6.0000 1.0680

E2.4. A boy on a snowboard, initially at rest, slides dasmooth hill which makes an

angle with the horizontal (see Figure 2.12).

10



The boy weighs 650 N and the friction coefficiept, between the snowboard and the snow is

0.05. Neglect the drag on the boy and his snowba#sthg Newton’s Second Law

> F=ma

Thex andy components of the above equation are

> F. =ma= mddltx and > F,, = N-Wcosd=C

> F, =Wsing- f
The friction forcef = 4N andW=m g

Thus,

> F =Wsing- yW cogp="Y I
’ g dt

(2.11)
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Determine an expression fgg(t), takingV,(0)= 0

dx
—=V 2.12
il (2.12)

Determine an expression fg(t), takingx(0) = 0.
Develop a MATLAB program that calculates positignand velocity Vy as a function of

time,t, for 0 <t < 10sin steps of 2 s. Print the results both to theestiand to a file. Take

6=10,g= 9.81mV<’. Do the results look reasonable? If not, whathesn neglected?

Solution:

From Equation (2.11),

dV, = g(sin@—p cod) dt — \[= ( sif—yn cog) t+ C
Initial condition:V,(0=0 — C=0
From Equation (2.12),

dx=V, dt= g(sinf— 1. cod) talt

2

x=g(sing—p cos‘))%Jr C

Initial condition: x(0)= 0 givesC=0
The program follows:

% E2_4.m

% This program determines the position, x, and velo city, v, of a
% boy on a snowboard as he slides down a hill.

% x=g(sin(theta)-mu*cos(theta))t"2/2.

% Vx=g(sin(theta)-mu*cos(theta))t

clear; clc;

tt=0:0.5:10;

0=9.81; theta=1/18*pi; mu=0.05;

fo=fopen(‘output.txt','w");
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fprintf(fo,' This program determines the velocity an

fprintf(fo,'position of a snowboarder as he slides

fprintf(fo,'down a hill \n");

fprintf(‘'This program determines the velocity and \

d\nY:

\n);

n’;

fprintf(‘position of a snowboarder as he slides \n' );

fprintf(‘down a hill \n");
% Table headings
fprintf(fo," t(s)

x(m) velocity(m/s) \

fprintf(fo,’

fprintf(" t(s)  x(m) velocity(m/s) \n’)

fprintf("
for i=1:length(tt)
t=tt(i);
x(i)=g/2*(sin(theta)-mu*cos(theta))*t"2;
V(i)=g*(sin(theta)-mu*cos(theta))*t;
fprintf(fo,'%5.1f %10.2f  9%10.2f \n',t,x(
fprintf('%5.1f 9%10.2f  %210.2f \n',t,x(i),

end

Program results:

ORY0)E
V(@D);

This program determines the velocity and position

of a snowboarder as he slides down a hill

t(s) x(m) velocity(m/s)
0.0 0.00 0.00
0.5 0.15 0.61
1.0 0.61 1.22
15 1.37 1.83
2.0 2.44 2.44
25 3.81 3.05
3.0 5.49 3.66
3.5 7.48 4.27
4.0 9.76 4.88
4.5 12.36 5.49
5.0 15.26 6.10
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55 18.46 6.71

6.0 21.97 7.32
6.5 25.78 7.93
7.0 29.90 8.54

7.5 34.32 9.15
8.0 39.05 9.76
8.5 44.09 10.37
9.0 49.43 10.98
9.5 55.07 11.59
10.0 61.02 12.20

Running the program for 1 minute, still does nautein the snowboarder reaching a

terminal velocity. That is because we neglected.dfais is covered in a later chapter.

E2.5.A small sphere moving though a fluid at a slow eglowill have a drag force
acting on it which is described by Stokes’ Law,e®phere could be a dust particle or a
raindrop moving in air, or a ball bearing movingoih The drag force described by
Stokes’ Law is

D=67RuV (2.13)
where

D =drag

R = radius of the sphere.

M = viscosity of the fluid.

V = the velocity of sphere.
Let’s consider a ball bearing dropped in oil (seguFe 2.13) with an initial velocity of
zero. We want to determine the velocity and positie a function of time. The forces
acting on the ball bearing are the gravitationatég\W, buoyancy forceB, and the drag

force,D. The buoyancy force is equal the weight of thedftdisplaced.

14



Applying Newton’s Second Law to the sphere gives

w-B-p=w 4V (2.14)
g dt

where
W = weight of sphere pg
B = buoyancy = weight of fluid displaced
£ = mass density

g = gravitational constant = 9.81/<

O = volume of sphere gﬂF?

Terminal velocity (no change in the velocity of theving sphere) occurs when

W-B- D=0
W-B-67R/V=0 —~ W- B67 R\ (2.15)
4 4
W:psteel gxgﬂﬁ! B= P g<§” IQ (216)
4
W-B= g(psteel_poil) Xgﬂ' Fg (217)

Substituting Equation 2.15 into Equation 2.14 gives

W adV

Separating variables and integrating gives

\J’- dv' :_J‘-GHR/Jgdt
0

v W (2.19)

Integrating Equation 2.19 gives
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[Inv'=\;)]! =In(V—Vr)—In(—Vr):In(V :/VT J= In(VT _V]=—6”R” 9t (2.20)

-V, V; W
Then,
_6mRug
1-Y oW (2.21)
VT
or
_67mRug
V=\L (1—e w ] (2.22)

Take u =3.85 N-9/m?,R=0.01m, p,.., = 7910kgm’, p,, = 899kg/nB,
g=9.81m/s
Create a MATLAB program that will:
a. determine the buoyancy forde,
b. determine the weight of the ball bearin,
c. determine the terminal velocityy.
d. use a while loopo determineV as a function of time, fof <t < 0.05sin steps of
0.001s.
e. create and print to a file a table containtingdV . Also print values for
W, B, andVr to the same file.

The program follows:

% E2_5.m
% This program determines the terminal velocity of a ball bearing

% dropped in a vat of oil. The program then determi nes the velicty of
% the ball bearing as a function of time. The force s acting on the
% ball bearing are weight, bouancy and drag, which is governed by

% Stokes Law.

16



clear; clc;

mu = 3.85; R = 0.01; rho_steel = 7910; rho_0il=899;

B=4/3*pi*R"3*rho_oil*g;
W=4/3*pi*R"3*rho_steel*q;
Vi=(W-B)/(6*pi*R*mu);

fo=fopen(‘output.txt','w");

fprintf(fo,' This program determines the terminal ve
fprintf(fo,'a ball bearing dropped in a vat of oil
fprintf(fo,' The program also determines the ball be
fprintf(fo,'velocity as a function of time \n");
fprintf(fo,\nB=%7.4f N W=%7.4f N Vt=%6.4f N/s
fprintf(fo,\n\n");

fprintf(fo," t(s)  V(m/s) \n);

fprintf(fo,’ \n")

t=0:0.001:0.05;

arg=6*pi*R*mu*g/W,

i=1;

while i<=length(t)
V(i)=Vt*(1-exp(-arg*t(i));
fprintf(fo,'%10.4f  %10.4f \n"t(i),V(i));
i=i+1;

end

Program results:

This program determines the terminal velocity of
a ball bearing dropped in a vat of oll

The program also determines the ball bearing
velocity as a function of time

B=0.0369 N W=0.3250 N Vt=0.3970 N/s

17

g =9.81,;

locity of \n");
\n’);

aring \n");

\n',B,W,Vt);



t(s) V(m/s)

0.0000 0.0000
0.0050 0.0412
0.0100 0.0781
0.0150 0.1112
0.0200 0.1408
0.0250 0.1674
0.0300 0.1912
0.0350 0.2125
0.0400 0.2317
0.0450 0.2488
0.0500 0.2642

E2.6.The voltagen a parallel resistance, inductor, capacitor (REti@juit (for a

derivation of Equation (2.23) see Project P2.7)

is given
1 1Y 1Y
v=exp ———t|{ Aco$,|—-|——| t|+Bsin,|—-|——] t
C LC (2RC C (2R
(2.23)

Take

R =100Q

L=1.0e-3H

C=10e6F

A=6.0V

B=-89V

a. Determinev (t) for 0<t<5.0x 10* seconds. Use 100 sub-divisions on the time

domain.
b. Print out a Table of vs.t every fourth sub-division.

The program follows:
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% E2_6.m

% This program determines the voltage, v, in a para
% The parameters of the system are:

% R=100 ohm, L = 1.0e-3 henry, C = 1.0e-6 farad, A
% The governing equation is v=exp(-t/2RC)(Acos(arg*
clear; clc;

R=100; L=1.0e-3; C=1.0e-6; A=6.0; B=-8.9; dt=5.0e-6
arg=sqrt(1/L/c - 1/(2*R*C)"2);
fo=fopen(‘output.txt','w");

fprintf(fo," t(s) v(m) \n');

forintf(* t(s) y(m) \n');

fprintf(fo,' \n’);
fprintf(" \nY);
for i=1:101

t(i)=(i-1)*dt;

v(i)=exp(-t/(2*R*C))*(A*cos(arg*t(i))+B*sin(arg
end
for i=1:4:101

fprintf('%6.2f  %10.4f \n',t(i),v(i));

end

Program Results:

t(s) v(V)
0.00e+000 6.00
2.00e-005  -0.30
4.00e-005  -5.36
6.00e-005  -7.62
8.00e-005  -6.80
1.00e-004  -3.74
1.20e-004 0.07

4.00e-004  0.90
4.20e-004 0.06
4.406-004  -0.65

19
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4.60e-004 -1.00
4.80e-004 -0.94
5.00e-004 -0.56
>>

E2.7. In North America, residential electrical servicaigially delivered as two
340 Vpeak-to-pearSinusoids at 60 Hz with no DC component, ed8f out of phase with
each other ( see Figure 2.14), referred toresphaseservice. For high power appliances
(e.g. air conditioners and stoves), the curredtasvn from both “legs” of the service.
1. For phase A, use MATLAB'sin()  function to create a table ofvs.t, for
0<t <100 ms in steps of 4 ms.
2. Compute and print to the screen the root-meaase (RMS) voltage for this
waveform by performing the following operatsoin MATLAB:
a. Squaring it.
b. Computing the mean value of the squared waveforamMeyaging it over
the 100 ms time interval.
c. Taking the square root of the average.

The program follows:

% E2_7.m
% This program determines the RMS of a sinusoidal w aveform of AC
% voltage. The program also creates a table of the voltage for

% 0<=t<=100 millisec in steps of 4 millisec.
clear; clc;

f=60;

omega=2*pi*f;

ampl=170;

dt=0.001,;
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fprintf(* t(s) VA(V) \n)

fprintf(’ \n');

fori=1:101
t(i)=(i-1)*dt;
VA(i)=ampl*sin(omega*t(i));
VAsq(i)=vA()"2;
end
for i=1:4:101
fprintf('%6.4f  %10.3f \n',t(i),vA(i));
end
vAavg=mean(vAsqQ);
RMS=sqrt(vAavg);

fprintf(\nRMS of vA=%10.3f volts \n',RMS);

Program Results:

{(s) VA(V)
0.0000 0.000
0.0040 169.665
0.0080 21.307
0.0120 -166.989
0.0160 -42.277
0.0200 161.680
0.0240 62.581
0.0280 -153.821
0.0800 -161.680
0.0840 42,277
0.0880 166.989
0.0920 -21.307
0.0960 -169.665
0.1000 -0.000

RMS of vA= 119.612 volts
>>

E2.8.In the following exercises, carry out the presedimodifications:
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a. Modify Example 2.5 program to include creating pa@ate plots of

Tvs.z, pvs.z angp vs:for 0<z<11000m

The program follows:

% E2_8a.m
% This program determines atmospheric properties of temperature, T,
% pressure, p, and density, rho every 1000 m of alt itude and prints

% these values to a file in table format.
% The governing equations are T=To-lamda*z, p=po*(1 -lamda*z/To)"ex,
% where ex=g/lamda*R), and rho=p/(R*T)

clear; clc;

To = 288.15; po = 1.01325e5; R = 287.0; g =9.81; lamda = 0.0065;
z=0:1000:11000;

ex=g/(lamda*R);

fo=fopen(‘output.txt','w");

fprintf(fo,'’Atmospheric Properties \n");

% Table headings

fprintf(fo,'z T p rho \n");

fprintf(fo," (m) (K) (Pa) (kg/m”3)\n’);

fprintf(fo,’ \n ;

% Need to make T, p and rho as vectors
for i=1:length(z)
T(i)=To-lamda*z(i);
p()=po*(1 -lamda*z(i)/To)"ex;
rho()=p(i)/(R*T(i));
fprintf(fo,'%6.0f %8.2f 9%10.4e %10.4f \n',
z(i), T().p(0).rho(i));

end
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plot(T,z), xlabel('T"), ylabel('z"), title('T(K) vs
figure;
plot(p,z), xlabel('p"), ylabel('z", title('p(Pa) v
figure;
plot(rho,z), xlabel('rho'), ylabel('z"), title('rho

grid;

Program results:

. z(m)", grid;

s. z(m)", grid;

(kg/m~"3) vs. z(m)",
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p(Fa) vs. z(m)
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rho{kgnﬂa}vs_zUﬂj
12000 T T T T ! T T T !
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The modification programs for Exercises E2.8b throgh E2.8h are with the original

solution programs for Exercises E2.1-E2.7.

b. Modify Exercise E2.1 to include a plot®¥s.tfor 0<t < 0.01s.
c. Modify Exercise E2.2 include a plot gfvs.t for 0<t<10s.
d. Modify Exercise E2.3 to include a plot gfvs.x at O<t <t, in steps of 0.01 s,

use small circles to define the basketball path.

e. Modify Exercise E2.4 to include a plot ®fvs.t andV vs.t on 2 separate graphs.
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f. Modify Exercise E2.5 to include a plot &f vs.t. Also, print to the screen values

of W, B andVr.

g. Modify Exercise E2.6 to include a plot gf vs.t.

h. Modify Exercise E2.7 to include a plot dfvs.t.

E2.8b.

Adding the following line to Exercise E2_1.m prograroduces the following plot.

% E2.8b
plot(tt,s), xlabel( 't

), ylabel(

's' ), title( 's(m) vs. t(s)' ), grid;

gs(m) vs. t(s)

24 T
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E2.8c

t

Adding the following line to Exercise E2_2.m prograroduces the following plot.

plot(tt,y), xlabel('t"), ylabel('y", title('y(m) v

s. t(s)"),grid;
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E2.8d.

Adding the following line to Exercise E2_3.m prograroduces the following plot.

plot(x,y, ‘0" ), xlabel( X' ), ylabel( 'y, title( 'y vs. X' ),

axis([0,6,0,1.7]),grid;
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E2.8e.

Adding the following lines to Exercise E2_4.m pragr produces the following plot.
plot(t,V), xlabel('t"), ylabel('V"), title("V(m/s) vs. t(s)), grid;
figure;

plot(t,x), xlabel('t), ylabel('x"), title("x(m) vs . t(s)), grid;
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Adding the following line to Exercise E2_5.m prograroduces the following plot.
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plot(t,V), xlabel('t"), ylabel("V"), title("V(m/s)' ), grid;

0.4 T T T I E— T

' ' — :
D35F oo e :,%:':" ........ e e SR -
03F oot TSR T AIIIEERLE SRR L

|:| i 2 5 ......... .......... .......... .......... .......... .......... ..........

0AB e SR e R S ]
R L S S AN S SR S ]

005 -+ oo e, b, e, ]

E2.8g

Adding the following line to Exercise E2_6.m prograroduces the following plot.

plot(t,v), xlabel('t), ylabel('v"), title('v(V) vs . t(s)"),grid;
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Adding the following lines to Exercise E2_7.m pragr produces the following plot.

plot(t,VA), xlabel('t(s)", ylabel('VA"),

title("VA(V) vs. t(s)", grid;
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E2.9.1n this exercise, we consider two cars on a gohligourse:

carl:x;=500 m,y;=100 m‘\71‘ =40 m/s. carl moves in a straight line which
makes an angle of 60° with the x axis.

car2:x,=2000 m,y,=200 m. car2 moves in a straight line and makesngte

of 45° with the () axis.

The collision coordinates arg:fy.). See Figure 2.20

Yo~ % —tan60 ), %=~ %= tan(4s (2.24)
%X

X~X
Yo =¥ (% — %) xtan(60 ) (2.25)
Yo=Y, +(% = %) xtan(45 ) (2.26)

Y, + (% — x)xtan(60 = y, + (%~ % ¥ tan(45 (2.27)
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Yo%t Xltan(60 )+ X tan(45

% tan(60 Y+ tan(45 ) (2.28)
di=y(x = %)°+ (%= W= t (2.29)
d, =06 = %)° + (%~ %)* =] ¢ (2.30)
wheret; = time of collision :i (2.31)
M
4_d o % 2.32
N, 4 del (2.32)
Online 1
x(t)=x1+\\71\cos(60 t, yEF M*M sin(60 ) (2.33)
On line 2:
x(t)=x2—\\72\cos(45 t, ytF 3é+\v2\ sin(45 ) (2.34)

Create a MATLAB program that will do the following.
a. Create a plot of the intersecting lines of lengthandd..

Note: you only need to specify two points on the ko plot the line.

b. Determinq\é‘ that will cause the collision to take place.

c. Taket=0%/5:t
d. Plot the two lines and the two cars positions ashown as small circles, all on
the same graph. Your second plot should lookHikgire 2.21.

The program follows:
%E_2_9.m

% This program plots the paths of two cars on a col lision course.
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% The paths are straight lines. The program also pl
% positions of the two cars as a function of time.

% The speed of one car is 40 m/s

% The program determines the speed of the second ca

% would result in a collision.

clear; clc;

x1=500.0; y1=100.0; x2=2000.0; y2=200.0; va=40;
num=y2-yl+x1*tand(60)+x2*tand(45);
den=tand(60)+tand(45);

xc=num/den;

yc=yl+(xc-x1)*tand(60);
yc2=y2+(x2-xc)*tand(45);

fprintf('xc=%10.4f yc=%10.4f yc2=%10.4f\n',xc,
argl=(xc-x1)"2+(yc-y1)"2;

dl=sqrt(argl);

arg2=(x2-xc)"2+(yc-y2)"2;

d2=sqrt(arg2);

fprintf('d1=%210.4f d2=%10.4f \n',d1,d2);
vb=va*d2/d1;

tc=d1l/va;

xcaf=x1+va*cosd(60)*tc; ycaf=yl+va*sind(60)*tc;
xcbf=x2-vb*cosd(45)*tc; ycbf=y2+vb*sind(45)*tc;
fprintf(‘'xcaf=%10.4f ycaf=%10.4f \n',xcaf,ycaf);
fprintf('xcbf=%10.4f ycbf=%10.4f \n',xcbf,ycbf);
% Line LA

xa(1)=x1; ya(1)=y1,

xa(2)=xc; ya(2)=yc;

%line LB

xb(1)=x2; yb(1)=y2;
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xb(2)=xc; yb(2)=yc;

plot(xa,ya,xb,yb), xlabel('x"), ylabel('y"),

title('plot of lines LA and LB'),

figure;

t=0.0:tc/5:tc;

for i=1:length(t)
xca(i)=x1+va*cosd(60)*t(i); yca(i)=yl+va*sind(6
xch(i)=x2-vb*cosd(45)*t(i); ycb(i)=y2+vb*sind(4

end

plot(xa,ya,xb,yb,xca,yca,'o',xcb,ycb,'0"), xlabel("

title('vehicle positions at times t');

Program results:

xc=1085.6406 yc=1114.3594 yc2=1114.3594
d1=1171.2813 d2=1293.0994

xcaf= 1085.6406 ycaf=1114.3594

xcbf= 1085.6406 ycbf=1114.3594

>>

Insert textbox and arrow on the figure to produce t
figure below.
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vehicle positions at times t
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E2.10 A formula describing the fluid leveh(t), in a tank as the fluid discharges through
a small orifice (see Figure 2.22) is:

Jh =, -

Ci A,
T J2gt (2.35)

where
Cq = the discharge coefficient.
ho = the fluid level in the tank at timez= 0.
A= the circular area of the orifice.
Ar = the circular cross-sectional area of the tank.

Create a MATLAB program that will
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a. determine vectotsvs.t,for 0<t <80s.

b. create a table of containing 20 valuest@ndh (every fourth time step) and print the
table to a file.
c. create a plot oh vs.t and print it .
Use the following parameters:
h, = 0.3m, the tank diameteEb) = 0.8m and the orifice diameter,
d=0.05m,g=9.81m/s’and Cq = 0.7.

The Program follows:

% E2_10.m
% This program determines the height of the free su rface of a tank
% discharging through an orifice.
% The formula for the height, h, is:
% sqrt(h)=sqrt(ho)-Cd*Ao/2/At*sqrt(2*g)*t
% ho=0.3 m; D=0.8 m; d=0.05 m; Cd=0.7; g=9.81 m/s"2 ;
clear; clc;
ho=0.3; D=0.8; d=0.05; Cd=0.7; g=9.81;
At=pi/4*D*2; Ao=pi/4*d"2;
t=0:80;
for i=1:length(t)
sgh=sqrt(ho)-Cd/2*Ao/At*sqrt(2*g)*t(i);
h(i)=sqh”2;
end
fo=fopen(‘output.txt','w");
fprintf(fo," t(s) h(m) \n";

fprintf(fo,’ \n');

for i=1:4:length(t)

forintf(fo,%3i  9%10.3f \n',t(i),h(i);
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end

plot(t,h), xlabel('t"), ylabel('h"), title('h(m) vs . t(s)), grid;

Program results:

t(s)  h(m)

0 0.300
4 0.274
8 0.249
12 0.226
16 0.203
20 0.182
24 0.162
28 0.143
32 0.125
36 0.109
40 0.093
44 0.079
48 0.066
52 0.054
56 0.044
60 0.034
64 0.026
68 0.018
72 0.012
76 0.008
80 0.004
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E2.11 Figure 2.23 shows a differential amplifier ustmgolar junction transistors

(BJTs) which takes an inpW}, and generates an outpyy, .

R

F,'?:
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Figure 2.23

The relationship between the output and input geltr this amplifier corresponds to

the equation

q
V.. =al_ R, tanh ——V 2.38
out EE" *L ( 2kT m} ( )

whereq is the electron chargk,s Boltzmann’s constant, is absolute temperature, and
a is the collector-emitter current ratio (and is elegient on process used to fabricate the

transistors)V,,, V,,., R, andl . are defined in Figure 2.23. The gain,of the

amplifier which is defined as the slope of the @o¥V,:vs. Vi , which we can
approximate as

~ BVou (2.39)
AV

in

However, we can also obtain the slope by takingldrévative of Equation (2.23), i.e.,

dv,, _d av;
— M= | al..R tanh —= 2.40
dv,, d\./n( = ( ZKTD (249
Note:
dtannx_ cochix=— 1 (2.41)
dx cosH x

Create a MATLAB program that

a. Determine¥,,: andA for —200<V,, < 20C millivolts in steps of 2 millivolts.
Assumea =0.98, | .. =2mA, R =10kQ, andT =300K.

b.PlotsVoy vs. VinandA vs. Vi, , both by Equations (2.37) and (2.38)
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The Program follows:

% E2_11.m
% This program determines the gain,A, of a bipolar junction
% transistor. The relationship between the voltage output, V_out,

% and the voltage input, V_in, is given by:

% V_out=aplha*lee*RL*tanh(-gq*V_in/(2*k*T))

% approx A= d(V_out)/d(V_in)

% analytically, A=d(V_out)/d(V_in)

% -0.2< V_in < 0.2 milivolts in steps of 2 milivolt S.

% alpha=0.98, lee=2mA, RL=100 kohm, T=300K

clear; clc;

alpha=0.98; lee=2e-3; RL=100e+3; T=300; g=1.6e-19; k=1.38e-23;
arg=-g/(2*k*T);

V_in=-0.2:0.002:0.2;

% compute output voltage (an arithemetic exression of a vector
% produces a vector)

for i=1:length(V_in)

V_out(i)=alpha*lee*RL*tanh(arg*V_in(i));

end

plot(V_in,V_out), xlabel("V-in"), ylabel("V-out"); grid;
title('Transfer characteristic of differential ampl ifier);
figure;

for i=1:length(V_in)-1
d_V_out =V_out(i+1)-V_out(i);
d_V_in=V_in(i+1)-V_in(i);
Approx_gain(i)=d_V_out/d_V_in;
Analytic_gain(i)= alpha*lee*RL*(-q/(2*k*T))/(co sh(arg*V_in(i)))"2;

V_in2(3i)=V_in(i);
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end

plot(V_in2,Analytic_gain,V_in2,Approx_gain,'x’), x| abel('V-in"),

ylabel('gain’), title(‘gain in a differential ampli fier vs. V-in'),

grid; legend('Analytic-gain','Aprrox-gain’);

Program results:

Transfer characteristic of differential amplifier
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gain in a differential amplifier vs_ V-in
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E2.12.When a fluid flows through a pipe there is a pressirop that is proportional to
the pipes length (see Figure 2.24).
® ®

7

i ll|
. \
)

Figure 2.24

For a pipe having a circular cross-section, theguee drop,p, — p,is given by

_PVI L
2 D

Pi— B, (2-42)

where
p = fluid density.

V = Average fluid velocity in the pipe.
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D = the pipe diameter.
L = pipe length between points 1 and 2.
f = friction factor.
The friction factor has been determined by expenimé&or smooth pipes a formula that

approximates the experimental data is [2].
f=(1.82log, Re- 1.6} (2.43)

where

Re=PYP (Reynolds number). (2.44)
U

U = absolute fluid viscosity.

Develop a MATLAB program that will calculaters. Re. Take:
Re =[58 7.5e3 1le4 2.5e4 5e4 7.5e4 1le5 2.5é%5 5e5 7.5e5 1lef.
2.5e6 5e6 7.5e6 le7 2.5e7 5e7 7.58[ le

Plot log(Re) on the axis and on the y axis (semi-log plot).

The Program follows:
% E2_12.m
% This program calculates the friction factor, f, v s. the Reynolds

% Number, Re. It then creates a plot of f vs. Re.

clear; clc;
Re = [5.0e3 7.5e3 1.0e4 2.5e4 5.0e4 7.5e4 1.0e 5 2.5e5 5.0e5 ...
7.5e5 1.0e6 2.5e6 5.0e6 7.5e6 1.0e7 2.5e7 5.0e7 7.5e7 1.0e8];

for i=1:length(Re)
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f(i)=1/(1.82*log10(Re(i))-1.64)"2;
end
semilogx(Re,f), xlabel('Re"), ylabel('f"), grid,

title(‘friction factor, f vs. Reynolds number, Re") ;

Program results:

friction factor, f vs. Reynolds number, Re
L T

00—
0.035
0.03
0.025
0.02
0.015

0.0

0.005 i i HE R iiiiuiilq
10 10 10

E2.13 This exercise is a modification of Exercise E2\hen the interior of a pipe is

not smooth, a friction factorE is introduced, whereis a roughness factor for the pipe

D)

interior, which is determined by experiment.

The Swammy-Jain formula has been used to approgithatexperimental data. The

Swamee-Jain formula [3] is
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1.325

f=

Iog( e +5.74
3.7*D Ré”*

Develop a MATLAB program that will calcu

HZ (2.45)

lafeas a function of Re an%. Take:

Re =[5.0e3 7.5e3 1.0e4 2.5e4 5.0e4 7.3%5 2.5e5 5.0e5...

7.5e5 1.0e6 2.5e6 5.0e6 7.5e6

%:[o.o 0.0001 0.001 0.005];

1.Q6e7 5.0e7 7.5e7 1.0e8]

Create a semi-log plot of vs. log(Re) for different% values. Make log(Re) on the

axis andf on the y axis.
The Program follows:

% E2_13.m
% This program calculates the friction factor, f, v
% Number, Re for several different values of e/D.
% It then plots the results.
clear; clc;
Re =[5.0e3 7.5e3 1.0e4 2.5e4 5.0e4 7.5e4 1.0e
7.5e5 1.0e6 2.5e6 5.0e6 7.5e6 1.0e7 2.5e7 5
eod=[0.0 0.0001 0.001 0.005];
for j=1:length(eod);
for i=1:length(Re)
arg=log(eod(j)/3.7+5.74/Re(i)*0.9);
if j==1
f1(i)=1.325/arg"2;
elseif j==2
f2(i)=1.325/arg"2;

elseif j==

47
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f3(i)=1.325/arg"2;
else
f4(i)=1.325/arg"2;

end

end
end
semilogx(Re,f1,Re,f2,Re, f3,Re,f4), xlabel('Re"), yI abel('f), grid,
title(‘friction factor, f vs. Reynolds number, Re") ,
text(1.15€8,0.035,'e/D"),
text(1.1e8,0.006,'0.0"),text(1.1€8,0.012,'0.0001"),

text(1.1e8,0.02,'0.001"), text(1.1e8,0.03,'0.005");

Program results:

friction factor, f ve. Reynolds number, Re
0.045 | - B e e B MR

004k -- RN
nﬂss—-~}{.
0.03k b
- nﬂ25—-~}%.

oozk. b

0015

Re
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E2.14.Carbon Dioxide propertiesf temperature], specific volumey, and pressurep,
based on the Redlich-Kwong equation are tabulatddble 2.1. We wish to determine
by interpolationv andp at a temperature between table values. The geinézgbolation

formula in terms ofy andx was given in Equation (2.43), which is:

= WX(x= %)
X=X

Y=%

wherex; andx; are thevalues ofx that enclose, andy; andy- are the values oy at x;
andx, respectively. Develop a MATLAB program that ddles following:

1. Using Table 2.1, create vectdrsvandp.

2. Asks the user to enter a temperatliréiom the keyboard that is not in the table.
3. Using the if-elseif ladder determines the wméenclosing the enter&dvalue.

4. Interpolate for andp.

5. Print to the screen the interpolated valuesaridp.

Table 2.1. Carbon Dioxide Properties.

T V p

(K) ( m*/kmol) (bars)
350 0.28 7.650
400 0.32 8.574
450 0.36 9.159
500 0.40 9.547
550 0.44 9.813
600 0.48 10.001
650 0.52 10.136
700 0.56 10.236
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750 0.60

10.310

The Program follows:

% E2_14.m
% This program interpolates for CO2 properties at a
% temperature entered from the key board by a user
% The program continues as long as the user enters
% whether he/she wishes to enter another temperatur
% The temperature range is from 350K to 750K. The d
% interpolation is in 3 vectors: Tt,vt,pt
% Temperature, T, is in K, specific volume, v, is i
% and pressure, p, is in bar.
% The output goes to the screen.
% The use of the if-elseif ladder is not the most e
% the problem. The prescribed method is only used a
% using the if-elseif ladder.
% The program should be started from the command wi
% E2_14.
clear; clc;
Tt=350:50:750;
vt=0.28:0.04:0.60;
pt=[7.650 8.574 9.159 9.547 9.813 10.001 10.136 10.
charl="Y"
while charl=="Y";

fprintf('350 < T < 750. Enter the temperature,

T=input(‘at which the properties are to be dete

if T<350 | T>750
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fprintf("You entered a temperature out of r
fprintf(‘'restart program \n");
break;

elseif T>=Tt(1) && T < Tt(2)
T1=Tt(1); T2=Tt(2); vi=vt(1); v2=vt(2);
p1=pt(1); p2=pt(2);
v=v1+(v2-v1)*(T-T1)/(T2-T1);
p=pl+(p2-pl)*(T-T1)/(T2-T1);
fprintf('T=%"5.1f(K) v=%>5.3f(m"3/kmol) p=

T.v.p);

elseif T>=Tt(2) && T < Tt(3)
T1=Tt(2); T2=Tt(3); v1=vt(2); v2=vt(3);
p1=pt(2); p2=pt(3);
v=v1+(v2-v1)*(T-T1)/(T2-T1);
p=pl+(p2-pl)*(T-T1)/(T2-T1);
fprintf(T=%5.1f(K) v=%5.3f(m"3/kmol) p=

T.v.p);

elseif T>=Tt(3) && T < Tt(4)
T1=Tt(3); T2=Tt(4); vi=vt(3); v2=vt(4);
p1=pt(3); p2=pt(4);
v=v1+(v2-v1)*(T-T1)/(T2-T1);
p=pl+(p2-p1l)*(T-T1)/(T2-T1);
fprintf(‘'T=%5.1f(K) v=%5.3f(m"3/kmol) p=%
T.v.p);

elseif T>=Tt(4) && T < Tt(5)
T1=Tt(4); T2=Tt(5); vi=vt(4); v2=vt(5);
p1=pt(4); p2=pt(5);
v=v1+(v2-v1)*(T-T1)/(T2-T1);

p=pl+(p2-pl)*(T-T1)/(T2-T1);
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%8.4f(bar) \n\n',...

%8.4f(bar) \n\n',...

8.4f(bar)\n\n’,...



fprintf('T=%5.1f(K) v=%5.3f(m”3/kmol) p= %8.4f(bar) \n\n',...
T.v.p);
elseif T >=Tt(5) && T < Tt(6)
T1=Tt(5); T2=Tt(6); vi=vt(5); v2=vt(6);
p1=pt(5); p2=pt(6);
v=v1+(v2-v1)*(T-T1)/(T2-T1);
p=pl+(p2-p1l)*(T-T1)/(T2-T1);
fprintf('T=%5.1f(K) v=%5.3f(m"3/kmol) p= %8.4f(bar) \n\n',...
T.v.p);
elseif T >=Tt(6) && T < Tt(7)
T1=Tt(6); T2=Tt(7); vi=vt(6); v2=vt(7);
p1=pt(6); p2=pt(7);
v=v1+(v2-v1)*(T-T1)/(T2-T1);
p=pl+(p2-pl)*(T-T1)/(T2-T1);
fprintf('T=%5.1f(K) v=%5.3f(m”3/kmol) p= %38.4f(bar) \n\n',...
T.v.p);
elseif T >=Tt(7) && T < Tt(8)
T1=Tt(7); T2=Tt(8); vi=vt(7); v2=vt(8);
p1=pt(7); p2=pt(8);
v=v1+(v2-v1)*(T-T1)/(T2-T1);
p=pl+(p2-pl)*(T-T1)/(T2-T1);
fprintf('T=%5.1f(K) v=%>5.3f(m”"3/kmol) p= %38.4f(bar) \n\n',...
T.v.p);
elseif T>=Tt(8) && T <=Tt(9)
T1=Tt(8); T2=Tt(9); v1=vt(8); v2=vt(9);
p1=pt(8); p2=pt(9);
v=v1+(v2-v1)*(T-T1)/(T2-T1);
p=pl+(p2-pl)*(T-T1)/(T2-T1);

fprintf('T=%"5.1f(K) v=%b5.3f(m”"3/kmol) p= %8.4f(bar) \n\n',...
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T.v,p);
end
fprintf(‘'Do you wish to enter another Tempe

charl=input(‘enter Y for yes or N for no \n

end

rature \n');

VS

Start the program from the command window by entgE2_14

Program results:

The temperature from 350K to 750K. Enter the temper
at which the properties are to be determined.

380

T=380.0(K) v =0.304(m"3/kmol) p = 8.2044(bar)

Do you wish to enter another Temperature

enter Y for yes or N for no

Y

The temperature from 350K to 750K. Enter the temper
at which the properties are to be determined

720

T=720.0(K) v =0.576(m"3/kmol) p = 10.2656(bar)

Do you wish to enter another Temperature
enter Y for yes or N for no

N

>>

ature

ature.

E2.15 Repeat Exercise E2.14, but this time u$era loop and a singld statement

to determine the interval that encloses the temperantered from the key board

The Program follows:

% E2_15.m

% This program is a modification of the program for
% This program uses a 'for' loop and a single 'if'

% determine the interval containing the temperature
% key board. This is a more efficient way of interp

% properties than the method used in Exercise E2.14

% if-elseif ladder. The program continues as long a
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% 'Y' when asked whether he/she wishes to enter ano
% The temperature range is from 350K to 750K. The d
% interpolation is in the 3 vectors: Tt,vt,pt
% Temperature, T, is in K, specific volume, v, is in
% and pressure, p, is in bar.
% The output is to the screen. The program should b
% command window by entering E2_15.
clear; clc;
Tt=350:50:750;
vt=0.28:0.04:0.60;
pt=[7.650 8.574 9.159 9.547 9.813 10.001 10.136 10.
charl="Y";
while charl=="Y",
fprintf('The temperature range is from 350K to
fprintf('Enter the temperature at which the");
T=input(‘properties are to be determined \n\n’)
if T<350 || T>750
fprintf("You entered a temperature out of r
fprintf(‘'restart program \n');
break;
end
for i=1:length(Tt)-1
if T>=Tt(i) && T < Tt(i+1)
T1=Tt(i); T2=Tt(i+1); vi=vt(i); v2=vt(i
p1=pt(i); p2=pt(i+1);
v=v1+(v2-v1)*(T-T1)/(T2-T1);
p=pl+(p2-pl)*(T-T1)/(T2-T1);
fprintf('T=%5.1f(K) v=%5.3f(m"3/kmol) p=

T.v,p);
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break;
end
end
fprintf('Do you wish to enter another Temperatu
charl=input(‘enter Y for yes or N for no \n','s

end

Program results:

The temperature range is from 350K to 750K.
Enter the temperature at which the properties are t

380
T=380.0(K) v =0.304(m"3/kmol) p = 8.2044(bar)

Do you wish to enter another Temperatue

enter Y for yes or N for no

Y

The temperature range is from 350K to 750K.
Enter the temperature at which the properties are t

720
T=720.0(K) v =0.576(m"3/kmol) p= 10.2656(bar)

Do you wish to enter another Temperatue

enter Y for yes or N for no

Y

The temperature range is from 350K to 750K.
Enter the temperature at which the properties are t

520
T=520.0(K) v =0.416(m"3/kmol) p = 9.6534(bar)

Do you wish to enter another Temperatue
enter Y for yes or N for no

N

>>

e\n’);

o be determined

o be determined

o be determined

E2.16.Many gasses under certain conditions behave adeahgasThe governing

equation for an ideal gas is:

pv=RT
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where

R = gas constanR(is different for different gases).

p = gas pressure.

v = specific volume.

T = absolute temperature.
Create a MATLAB program that will platvs. T for the following 4 gasses:
air, hydrogen, oxygen and carbon dioxide. Althoaghs a mixture of different gasses, it
is frequently treated as a pure substance. Ussahieh group to determine the proper

gas constant and to create the requested plote, pa atmand 300<T < 600K in

steps of 5K.
N
Note: latm= 1.01325x10° —
m

The gas constanR, for each of the above listed gasses is givelraivle 2.2.

Table 2.2. Gas constant for several gasses.

Gas R
(N-m/kg-K)
air 287.0
hydrogen 4124.0
oxygen 259.8
carbon dioxide 188.9

The Program follows:

% E2_16.m
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% This program uses the ideal gas law to determine
% v, of one of four gasses. The temperature, T, var
% 600K in steps of 50K, while the pressure is held
% A switch statement is used to determine the prope
clear; clc;
Rt=[287.0 4124 259.8 188.9];
Tt=300:50:600;
p=2*1.01325e5;
gast=['air' 'hydrogen' 'oxygen' 'carbon dioxide'];
fori=1:4
var=i;
switch(var)
case 1
R=Rt(1);
case 2
R=Rt(2);
case 3
R=Rt(3);
case 4
R=Rt(4);
end
for j=1:length(Tt)
V()=R*Tt()/p;

end

plot(Tt,v), xlabel('T"), ylabel('v"), grid,
title('specic volume, v(m”3/kg) vs. temperature

if i==1
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text(555,0.42,air");

figure;

elseif i==

text(555,6.2,'hydrogen");

figure;

elseif i==3

text(555,0.37,'oxygen");

figure;

else

text(540,0.27,'carbon dioxide");

end

end

Program Results:

0.9
0.35
0.&
0.75
0.7

= 065
0.6
0.55
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specic volume, v:m‘g'}kg} vs. temperature, T(K)
065 T T T T T

UE—""""'"

0_3_..........E............E............,i...........,i...........?..........._
carbon dioxids]

025 i i i i |
300 350 400 450 00 550 &00

E2.17.Repeat Exercise E2.16, but this time use the dHeladder to determine the

proper gas constant and to create the four reqlipstés, all on the same page.

The Program follows:

% E2_17.m

% This program uses the ideal gas law to determine the specific volume,
% v, of one of four gasses. The temperature, T, var ies from 300K to

% 600K in steps of 50K, while the pressure is held constant at 2 atm.
% A switch statement is used to determine the prope r gas constant, R.
clear; clc;

Rt=[287.0 4124 259.8 188.9];

Tt=300:50:600;

p=2*1.01325e€5;
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for i=1:4
if i==1
R=Rt(1);
elseif i==2
R=Rt(2);
elseif i==3
R=Rt(3);
else
R=Rt(4)
end
for j=1:length(Tt)
V()=R*Tt()/p;
end
subplot(2,2,i);
if | ==
plot(Tt,v), xlabel('T"), ylabel('v"), gri d,
title('v(m”3/kg) vs. T(K)")
text(550,0.43,air");
elseif i==2
plot(Tt,v), xlabel('T"), ylabel('v"), grid,

title('v(m”3/kg) vs. T(K)"),

text(510,6.3,'hydrogen’);

elseif i==3
plot(Tt,v), xlabel('T"), ylabel('v"), grid,
title('v(m”3/kg) vs. T(K)"),
text(510,0.25,'oxygen’);

elseif i==

plot(Tt,v), xlabel('T"), ylabel('v"), grid,
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title('v(m”3/kg) vs. T(K)"), text(460,0.25,'carbon dioxide");

end
end
> > :
0.4 1 L air 6 1 1
300 400 500 600 300 400 500 600
T
vm3/kg) vs. T(K)
0.8 ‘! ‘!
0.6~~~ f i
> > | |
04 Lo
| carbon dioxide
0.2 : :
300 400 500 600

P2.1.Though atmospheric conditions vary from day to,diang convenient for design
purposes, to have a model for atmospheric propentith altitude. The US Standard
Atmosphere, modified in 1976, is such a model. Moelel consists of two types of
regions, one in which the temperature varies liyesith altitude, and the other is a
region where the temperature is a constant (sagd-2.1).

The temperature and approximate pressure relagienas follows:

(a) For a region where the temperature varies flipea
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p=n (1—@jm (P2.1a)

T=T-A(z-2) (P2.3b)

= P2.1¢c
P=RT ( )

where

z = the altitude,z = the altitude at the beginning of the region aérast.

(pi, Ti) = the pressure and temperature at the beginritigeaegion of interest.

A = the lapse rate in the region.

R = the air gas constant = 287%_—22.
g —_—

£ = air density
g = the gravitational constant varies slightly watltitude. The above expression for
assumes that within the region of intergsts a constant; otherwise the expression

for p would be a lot more complicated than the one shabave.

(b) For a region where the temperature is constant

p=p exr{——g(z_a )j

RT (P2.1d)

T=T,

The following table gives the values of pressugeierature and the gravitational
constant at the beginning of each region, as vediha lapse rate of the region.

Table P2.1. US Standard Atmosphere property table

Regional Properties of US Standard Atmosphere

Region z; (km) Ti (K) pi (Pa) A (Kim) g (m/s?)
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0 288.15 101325 9.810

1 0.0065
11.0 216.65 22632.05 9.776

2 0.0000
20.0 216.65 5474.88 9.749

3 -0.001
32.0 228.65 868.02 9.712

4 -0.0028
47.0 270.65 110.91 9.666

5 0.0000
51.0 270.65 66.94 9.654

6 0.0028
71.0 214.65 3.956 9.594

7 0.0020
84.9 186.95 0.373 9.553

(a) Crate a MATLAB program using the if-elseif latdhat will determine the property
values of T, p p) for every 1000m from z = 0 (sea level) ta = 80000m. Use ondor
loop in establishing.

(b) In your program, create vectors for the tatdkigs ofz, T, p, A andg.

(c) Assign a character to each region which candeel to determine which equations to
be used in determining, p.

(d) Save the results as a data file to be usedojeqt P2.2. Note: the data file is to only
contain numbers.

(e) Print the results to a file in table format é&wery 1000m.
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(H PlotT vs. z pvs.zand p vs.zas three separate plots, but all on the same page.

The program follows:

% P2_1.m

% THIS PROGRAM CALCULATES & TABULATES PRESSURE, TEMERATURE & DENSITY
% VS. ALTITUDE. The PROGRAM ALLOWS FOR TWO TYPES OF REGIONS:

% NON-ZERO LAPSE RATE & ZERO LAPSE RATE. THE TABLE DATA CONTAINS THE
% NUMBER OF REGIONS AS WELL AS THE ATMOSPHERIC PROBERTIES AT THE

% BEGINNING OF EACH REGION. THE PROGRAM PRINTS OUT ATMOSPHERIC

% PROPERTIES EVERY 1000m UP TO 80000m,

% z=altitude, p= pressure, T=temperature, rho=densi ty, lamda=lapse rate
% reg_type=type of region (zero or non-zero lapse r ate)
clear; clc;

zt=[0.0 11.0 20.0 32.0 47.0 51.0 71.0 84.9]*1.0e+3;

Tt=[288.15 216.65 216.65 228.65 270.65 270.65 214.6 5 186.95];
pt=[101325 22632.05 5474.88 868.02 110.91 66.88 3.9 56 0.373];
gt=[9.810 9.776 9.749 9.712 9.666 9.654 9.594 9.553 1;
lamdat=[0.0065 0.0 -0.001 -0.0028 0.0 0.0028 0.0020 1;

reg_typet=[a''b''a''a''b''a' '‘a’l;

z=zeros(81,1); T=zeros(81,1); p=zeros(81,1); rho=ze ros(81,1);
Tc=zeros(81,1);

dz=1000.0; R=287.0;

fo=fopen(‘output.txt','w");

fo2=fopen(‘atm.txt','w");

fprintf(fo, ALTITUDE PRESSURE TEMP DENSIT Y \nY);
forintffo, (m)  (Pa)  (C)  (kg/m” 3)\n);
FOHNLE(O, <mrmmmmrmrmmmemcmmrmemcmememccamcee e \n);
z(1)=zt(1); T(1)=Tt(1); p=pt(1); rho(1)=p(1)/(R*T(1 )
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Tc(1)=T(1)-273.15;
for j=1:81

2(j)=(-1)*dz;

if z(j)>=zt(1) && z(j)< zt(2)
zi=zt(1);pi=pt(1); Ti=Tt(1);gi=gt(1);lamda
reg_type='a’;

elseif z(j)>=zt(2) && z(j)<zt(3)
Zi=zt(2);pi=pt(2);Ti=Tt(2);gi=gt(2);lamda
reg_type='b’;

elseif z(j)>=zt(3) && z(j)<zt(4)
zi=zt(3);pi=pt(3); Ti=Tt(3);gi=gt(3);lamda
reg_type='a’;

elseif z())>=zt(4) && z(j)<zt(5)
Zi=zt(4);pi=pt(4);Ti=Tt(4);gi=gt(4);lamda
reg_type='a’;

elseif z(j)>=zt(5) && z(j)<zt(6);
zi=zt(5); pi=pt(5); Ti=Tt(5);gi=gt(5);lamda
reg_type='b’;

elseif z(j)>=zt(6) && z(j)<zt(7)
zi=zt(6);pi=pt(6); Ti=Tt(6);gi=gt(6);lamda
reg_type='a’;

else
Zi=zt(7);pi=pt(7); Ti=Tt(7);gi=gt(7);lamda
reg_type='a’;

end

if reg_type =="'a’
ex=gi/(lamda*R);
T(j)=Ti-lamda*(z(j)-zi):

p(j)=pi*(1-lamda*(z(j)-zi)/Ti)ex;
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end
if reg_type == 'b'

TO)=Ti;

ex=gi*(z(j)-zi)/(R*Ti);
p()=pi*exp(-ex);

end

rho())=p()/(R*T()));

Tc()=T(j)-273.15;

fprintf(fo,'%6.0f  %12.6e %10.2f %
z(j),p(), Te().rho()));

%fprintf(fo,'

fprintf(fo2,'%6.0f %12.6e %10.2f %
z(j),p(), Tc(j).rho()));
end
plot(Tc,z), xlabel('T"), ylabel('z"), title('z vs.
figure;
fori=1:3
subplot(2,2,i);
if i==1
plot(Tc,z), xlabel('T"), ylabel('z"), title
end
if i==2
plot(p,z), xlabel('p"), ylabel('z"), title(
end
if i==3
plot(rho,z), xlabel('rho"), ylabel('z"), ti
grid;
end

end
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fclose(fo);

Program results:

DENSIT

ALTITUDE PRESSURE TEMP
(m) (Pa) © (kg/m”

0 1.0133e+05 15.00 1.2252
1000 8.9869e+04 8.50 1.1118
2000 7.9485e+04 2.00 1.0065
3000 7.0095e+04 -4.50 9.0911
4000 6.1624e+04 -11.00 8.1907
5000 5.4002e+04 -17.50 7.3601
6000 4.7162e+04 -24.00 6.5955
7000 4.1041e+04 -30.50 5.8933
8000 3.5580e+04 -37.00 5.2498
9000 3.0723e+04 -43.50 4.6614
10000 2.6418e+04 -50.00 4.1249
11000 2.2632e+04 -56.50 3.6398
12000 1.9339e+04 -56.50 3.1103
13000 1.6526e+04 -56.50 2.6578
14000 1.4121e+04 -56.50 2.2711
15000 1.2067e+04 -56.50 1.9407
65000 1.0209e+01 -41.70 1.5369
66000 8.8200e+00 -44.50 1.3441
67000 7.6065e+00 -47.30 1.1735
68000 6.5478e+00 -50.10 1.0229
69000 5.6259e+00 -52.90 8.9000
70000 4.8243e+00 -55.70 7.7303
71000 3.9560e+00 -58.50 6.4216
72000 3.3830e+00 -60.50 5.5432
73000 2.8888e+00 -62.50 4.7782
74000 2.4630e+00 -64.50 4.1130
75000 2.0967e+00 -66.50 3.5353
76000 1.7822e+00 -68.50 3.0343
77000 1.5124e+00 -70.50 2.6004
78000 1.2813e+00 -72.50 2.2251
79000 1.0838e+00 -74.50 1.9010
80000 9.1516e-01 -76.50 1.6215
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% 10° Zvs. T <107 ZVs. p

10 15

L A R T

o : :
—100 =30 0 a0 0

% 10° z va. rho

P2.2.Project P2.1 provided a table of temperatlirggressurep and density,0 every
1000 meters of altitude. Atmospheric property valataltitudes between table values
can be determined by linear interpolation. ConstauRIATLAB program that will load
the data file created in Project P2.1 giviig f, o) every 1000n. The program i$o
determine by linear interpolation (Equation 2.48 #ime method described in Example
2.13) the properties of T p, o) at altitudes not in the loaded table. Make thegpam
interactive; that is, the program is to ask the ifdee/she wishes to know the
temperature, pressure and density at a speciiiadsdt If the answer is 'Y ', the program
is to ask the user to enter an altitude from thebaard. The program then determines
(T, p, p) at the entered altitude and prints the resultiécscreen. The program then
asks the user if he/she wishes to enter anothrddt The program is to continue as long

as the response to the question is 'Y .
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The Program follows:

% P2_2.m
% This program interpolates for atmospheric propert ies T,p and rho at

% an altitudes entered from the keyboard.

% Atmospheric table data is loaded into the program from the data file
% atm.txt which is created in Project P2.1. The dat a file contains

% atmosheric properties every 1000 m from z=0to z =80000 m.

% Properties of temperature, pressure and density a t the specified

% altitudes are determined by interpolation and pri nted to the screen.
% Run the program from the command window by typing inP2_2

clear; clc;

load ‘atm.txt'

zt=atm(:,1);

pt=atm(:,2);

Tt=atm(:,3);

rhot=atm(:,4);
charl="Y";
while charl=="Y";
fprintf('The altitude range is from z=0 m to z =80000 m. \n");
fprintf(Enter the altitude at which ");
z=input('the properties are to be determined \n ;
ifz<0 || z>80000
fprintf("You entered an altitude out of ran ge, please \n");
fprintf(‘'restart program \n');
break;
end

for i=1:length(zt)-1
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if z>= zt()) && z < zt(i+1)
T1=Tt(j); T2=Tt(i+1);
z1=zt(i); z2=zt(i+1);
T=T1+(z-z1)*(T2-T1)/(z2-21);
p1=pt(i); p2=pt(i+1);
p=pl+(z-z1)*(p2-p1)/(z2-z1);
rhol=rhot(i); rho2=rhot(i+1);

rho=rhol+(z-z1)*(rho2-rhol)/(z2-z1);

fprintfCALTITUDE PRESSURE TEM P DENSITY \n');
fprintf(" (m) (Pa) (C ) (kg/m"3)\n);
fprintf('-----------m-mommem e \n’);
fprintf('%6i %12.5e %10.2f %12.5 e \n',z,p,T,rho);
break;
end

end

fprintf('Do you wish to enter another altitude \n');

gharlzinput('enter Y for yes or N for no \n','s ;

en

Program results:

The altitude range is from z=0 m to z=80000 m.

Enter the altitude at which the properties are to b e determined
3278

ALTITUDE PRESSURE TEMP  DENSITY

(m) (Pa) (€  (kg/m"3)

3278 6.77401e+04 -6.31 8.84079e-01

Do you wish to enter another altitude
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enter Y for yes or N for no

Y

The altitude range is from z=0 m to z=80000 m.

Enter the altitude at which the properties are to b e determined
57940

ALTITUDE PRESSURE TEMP  DENSITY

(m) (Pa) (€  (kg/m"3)

57940 2.73388e+01 -21.93 3.79153e-04

Do you wish to enter another altitude

enter Y for yes or N for no

Y

The altitude range is from z=0 m to z=80000 m.

Enter the altitude at which the properties are to b e determined
76480

ALTITUDE PRESSURE TEMP DENSITY

(m) (Pa) (€  (kg/m"3)

76480 1.65270e+00 -69.46 2.82603e-05
Do you wish to enter another altitude

enter Y for yes or N for no

N

>>

P2.3.The properties of specific volume,and pressure, as a function of temperature,
T, for Carbon Dioxide based on the Redlich-Kwong Hiqueof state are given in the

table below:
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Table P2.3. Carbon Dioxide Properties

T \Y} p
(K) (m®kmol) (bar)
350 0.28 7.65
400 0.32 8.57
450 0.36 9.16
500 0.40 9.55
550 0.44 9.81
600 0.48 10.00
650 0.52 10.14
700 0.56 10.24
750 0.60 10.31

Note 1 bar = 10 N/n?’
Determinev andp at temperature§2 where
T2 = [367 634 420 587 742]

Use interpolation formula of Equation (2.46) and thethod described in Example 2.13.
Write a MATLAB program that will do the following:

a. Construct 3 separate vectors containing the Caltboxide properties of Ty and

p shown in Table P2.3
b. Determinev andp at temperature$2 using (Equation 2.43 and the interpolation

method described in Example 2.13). The programlgshoet be interactive.

73



c. Print to the screen in a table format (with taldadings) values ofandp at
temperature3?2.

The program follows:

% P2_3.m

% This program interpolates for specific volume, v, and pressure, p,
% of carbon dioxide at specified temperatures, T2

% The temperature range is from 350K to 750K. The d ata used in the
% interpolation is in the 3 vectors: Tt,vt,pt

% Temperature, T, is in K, specific volume, v, is in m”3/kmol

% and pressure, p, is in Pa.

% The output is to the screen.

clear; clc;

Tt=350:50:750;

vt=0.28:0.04:0.60;

pt=[7.650 8.574 9.159 9.547 9.813 10.001 10.136 10. 236 10.310];
TT = [367 634 420 587 742];

fprintf( T(K)  v(m”3/kg) p(bar) \n";

fprintf(’ \n");
for j=1:length(TT)
for i=1:length(Tt)-1
if TT() >= Tt(i) && TT(j) < Tt(i+1)

T1=Tt(i); T2=Tt(i+1); vi=vt(i); v2=vt(i +1);
p1=pt(i); p2=pt(i+1);
v=v1+(v2-v)*(TT(j)-T1)/(T2-T1);
p=pl+(p2-pl)*(TT(j)-TL)/(T2-T1);
fprintf('%5.1f %5.3f %8.4f \n', TT(),v,p);
break;

end
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end

end

Program results:

T(K) v(m"3/kg) p(bar)

367.0 0.294 7.9642
634.0 0.507 10.0928
420.0 0.336 8.8080
587.0 0.470 9.9521
742.0 0.594 10.2982
>>

P2.4 The positioning of a piston in an internal contimrsengine is shown in Figures
P2.4(a) and P2.4(b). The piston’s positigrgs seen from the crank shaft center can be
determined by the Law of cosines; i.e.,

b?=s®+r?-2sr cosf

or
s’ —(2rcos@)s+(r>-b*)=0 (P2.4a)
where

b = the length of the piston rod.
r = the radius of the crankshatft.

Equation (P2.4a) is a quadratic equatios amd therefore

s=%(2r cos,6’+\/4r2 cos G-4(r? —bz)) = rcos«9+\/ r’ (cos 8-1)+b’

or

Ss=rcosf+b’-r*sin* @ (P2.4b)
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The piston is constrained to move in the verticgadaion and its positiors, varies as the
crankshaft rotates. The angi, varies with timef, and can be expressed in terms of the
rotational speedsq, of the crankshaft. The angts thus given by

6=2nat (P2.4¢)
where « is in revolutions per second. Substituting Equati®2.4c) into Equation
(P2.4b)

gives

S(t)=rcos(2wt) ++ b2 —r2sin? 2 ret) (P2.4d)
The piston velocity, v, can be obtained by taking derivative of Equation. (P2.4d) with
respect to time giving

27mwr?sin(2 rwt) cos( 2 rwt)
\/bz —r?sin® 2mwt)

v(t)=—2mwrsin(2rwt) - (P2.4e)

The piston acceleration, can be obtained by taking the derivative of EquatP2.4¢e)

with respect to time giving

A of r*sin’ (2mwt) cos (2 rat)
|b?—r?sin*(2 et |2

a(t)=—4m o rcos(2mwt) -

_ A o r®cos (2mwt) +4772 o r’sin’ (2 mwt)
\/bz —r?sin’(2mwt) \/bz—rzsin2(2ﬂa)t)

(P2.4)

(a). In MATLAB, create a matrix consisting @fvs.t, v vs.t, andavs.t for

0 <t < 00l1lseconds. Use 50 subdivisions ontld@main. Take = 9cm,
w=100 revolutions pesecond anth = 14cm Plot svs.t, v vs.t andavs.t on three

separate plots, all on the same page.
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(b). Using MATLAB’s max function and the matrix obtained in part (a), datee the
approximate maximum velocity and maximum acceleratiand print out those values to
the screen..

(c). Plot on a single grapws.t for & =[50 100 150 200] revolutions per second.

The Program follows:

% P2_4.m

% This project involves determining the position, v elocity and

% acceleration of a piston in an engine as a functi on of time, t, where
% 0 <=t <= 0.1 s. 50 sub-divions on the t domain a re to be used.

% Problem parameters are: r=9 cm, omega = 100 rev p er second

% and b=14 cm.

clear; clc;

r=9; omega=100; b=14; dt=0.0002;

for i=1:51
t(i)=(i-1)*dt;
argl=2*pi*omega*t(i);
arg2=b"2-r"2*(sin(arg1))"2;
s(i)=r*cos(argl)+sqrt(arg2);

v(i)=-2*pi*omega*r*sin(argl)- ...
(2*pi*romega*r2*sin(argl)*cos(argl))/sqrt(arg2);

% Decompose a into 4 parts, al, a2, a3, a4
al=-4*pi"2*omega”2*r*cos(argl);
a2num=-4*pi*2*omega”2*r*4*(sin(argl))"2*(cos(ar gl))"2;
a2den=arg2”°1.5;
a2=a2num/a2den;

a3=-4*pi"2*omega’2*r"2*(cos(argl))*2/sqrt(arg2)
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ad=4*pi"2*omega”2*r"2*(sin(argl))"2/sqrt(arg2);
a(i)=al+a2+a3+a4;
end

plot(t,s), xlabel('t(s)"), ylabel('s(cm)", title('
figure;
plot(t,v), xlabel('t(s)"), ylabel('v(cm/s)", title
figure;
plot(t,a), xlabel('t(s)"), ylabel(‘a(cm/s"2)"), tit
% Using MATLAB's max function to obtain the maximum
% maximum acceleration
vmax=max(v); amax=max(a);
fprintf(‘'The maximum velocity =%8.1f(cm/s) \n',vmax
fprintf(‘'The maximum acceleration=%12.3e(cm/s"2) \
% Program for part (c) follows:
% This project involves determining the position, v
% acceleration of a piston in an engine as a functi
%0<=t<=0.1s.
% we are to use 50 sub-divions on the t domain.
% Problem parameters are: r=9 cm and omega = 100 re
cm.
clear; clc;
r=9; omega=100; b=14; dt=0.0002;
for j=1:4

omegat = [50 100 150 200];

omega=omegat(j);

for i=1:51

t(i)=(i-1)*dt;
argl=2*pi*omega*t(i);

arg2=b"2-r"2*(sin(argl))"2;
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le(a vs. t), grid;
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);

n',amax);
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s(i)=r*cos(argl)+sqrt(arg2);
end
if j==1
sl=s;
elseif j==2
s2=s;
elseif j|==3
s3=s;
elseif j==
s4=s;
end
end
plot(t,s1,'y',t,s2,'r',t,s3,'b',t,s4,'g"), xlabel(’
ylabel('s(cm)"),
title('s vs. t), grid;
text(0.0028,19,'s1"),text(0.0027,11,'s2"),text(0.00

text(0.0012,7,'s4");

Program results:

The maximum velocity = 6838.4(cm/s)
The maximum acceleration= 3.336e+06(cm/s"2)
>>
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P2.5. (a). The project is to plot the several motions theat occur with a mass-spring-

dashpot system. The following parameters were Spdci

m=75kg, k= 87.5% , C= SYé%S

2 2
2m 2(75) m 75

The system isver-damped

The governing equation for tlower-dampedystem is:

ol o o

Three initial conditions are considered:

1. y(0)=05m, y'(0)=10",
S
m
2.y(0)=05m, y'(0)=-10 Y

3. y(0)=05m, y'(0)=0?.

For each case the project is to:

c. determiney (t) for 0<st<10seconds in steps of 0.1 seconds.

d. print out a Table ofy vs.t every 1 second.

e. plot y vs. t for all three cases on the same graph. Each caneelie labeled
with the value of y '

The Program follows:

% P2_5.m

% This program solves project P2.5 in the textbook
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% Need to determine the general solution constants
% the specified initial conditions.
% y(0)= A+B
% arg=(c/2/m)"2-k/m;
% y'(0) = -c/(2m)*(A+B)+sqgrt(arg)*(A-B)
clear; clc;
% case (a)
% case 1. y(0)=0.5 m, y'(0)=0.25 m/s
% case 2. y(0)=0.5 m, y'(0)=-1.0 m/s
% case 3. y(0)=0.5 m, y'(0)=0 m/s
% mis in kg, kis in N/m and c is in N-s/m
m=75.0; k=87.5; ¢=875.0;
arg=(c/2/m)*2-k/m;
sg=sqrt(arg);
dt=0.1;
d=zeros(2,1);
fori=1:3
if i==1
y0=0.5; yprime0=1.0;
elseif i==2
y0=0.5; yprime0=-1.0;
elseif i==3
y0=0.5; yprime0=0;
end
a(1,1)=1.0; a(1,2)=1.0;
a(2,1)=sqrt(arg)-c/2/m;
a(2,2)=-(sqrt(arg)+c/2/m);
% Solution of A(i)by the method of determinants

num=a(2,2)*y0-a(1,2)*yprime0;
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den=a(1,1)*a(2,2)-a(1,2)*a(2,1);
A(i))=num/den;
% Solution of B(i)by the method of determinants
num=a(1,1)*yprime0-a(2,1)*y0;
B(i)=num/den;
fprintf('case= %2i A=%10.4f B=%10.4f\n'i,
for j=1:101
t(G)=(-1)*dt;
t1=t(j);
if i==1
y1()=exp(-c/2*t1/m)*(A(i)*exp(sq*tl)+B
elseif i==2
y2(j)=exp(-c/2*t1/m)*(A(i)*exp(sq*t1l)+B
elseif i==
y3(j)=exp(-c/2*t1/m)*(A(i)*exp(sq*tl)+B
end
end

end

for i=1:3

fprintf(' t y\nY);

fprintf(" \n");
fprintf('i=%3i \n',i);
for j=1:10:101
if i==1
fprintf('%5.1f  %210.4f \n',t(j),y1(j
elseif i==2
fprintf('%5.1f  %210.4f \n',t(j),y2(j

elseif i==
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(i)*exp(-sg*tl));

(i)*exp(-sg*tl));

(i)*exp(-sg*tl));

)

)



fprintf(%5.1f  %10.4f \n"t(j),y3(] )
end

end

fprintf("\n\n");
end
plot(t,y1,t,y2,'--t,y3,-.), xlabel('t'),ylabel( 'y'),grid,
title('y vs. t')
text(6.3,0.325,'y " = 1.0"),
text(2.5,0.275,'y " = -1.0"),

text(0.6,0.425,'y " = 0");

Program Results:

case= 1 A=0.5916 B=-0.0916
case= 2 A=0.4172 B= 0.0828
case= 3 A=0.5044 B=-0.0044

t y

i= 1

0.0 0.5000
1.0 0.5349
2.0 0.4835
3.0 0.4371
4.0 0.3952
5.0 0.3573
6.0 0.3230
7.0 0.2920
8.0 0.2640
9.0 0.2387
10.0 0.2158
t y

i= 2

0.0 0.5000
1.0 0.3771
2.0 0.3410
3.0 0.3082
4.0 0.2787
5.0 0.2519
6.0 0.2278
7.0 0.2059
8.0 0.1861
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0.1683
0.1521

9.0
10.0

=3

0.5000
0.4560
0.4122
0.3727
0.3369
0.3046
0.2754
0.2490
0.2251
0.2035
0.1839

0.65

0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

10.0

P2.5 (b). The project is to plot the motion of thass in a mass-spring-dashpot system

when the system isnder-dampedThe plot is also to include the envelope of tregian.
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The parameters of the system are:

N-s

m = 25kg, k:ZOO%, c=5

y(0)=5m, y'(0)=0"" and0<t<40.
S

They position of the mass is given by

and the equation of the envelope is:

y== Aexp(—it)
2m

For the specified initial conditiong,= 5mandB = °

2m
The Program follows:
% P2_5b.m
% This program solves for the position, y, of a mas s attached to
% a spring-dashpot system. First we need to determi ne whether the
system
% is over-damped or under-damped. The arbitrary con stants in the
general
% solution is determined by the specified initial ¢ onditions.
% The constants for the system are: m=25kg, k=200 N /m, c=5 N-s/m.

% k/m - c/2m)~2= 8, thus the system is under-damped
% arg=sqrt(k/m-(c/2/m)"2)
% The general solution is

% y=exp(-c/2*t/m)*(A*cos(arg*t)+B*sin(-arg*t));
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% y(0)=5.0 m, y'(0)=0 m/s
% A=5, B=c/(2*m)*Alarg
% mis in kg, kis in N/m and c is in N-s/m
clear; clc;
m=25.0; k=200.0; ¢=5.0;
arg=sqrt(k/m-(c/2/m)"2); arg2=c/(2*m)/arg; arg3=c/( 2*m);
A=5.0; B=A*arg2;
dt=0.1
for j=1:401
t()=(-1)*dt;
t1=t(j);
y1(j)=exp(-c/(2*m)*t1)*(A*cos(arg*tl)+B*sin(ar g*tl));
y2(j)=A*exp(-arg3*tl);
y3(j)=-A*exp(-arg3*tl);
end
forintf(' t y\nY);

fprintf(’ \n")

for j=1:10:401
fprintf(%5.1f  %10.4e \n't(j),y1());
end

pIOt(trylatvyz1|__|:t1y3!'__')1 Xlabel(lt') vylabel( 'y') ’grldl

Program Results:
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P2.6.In this project we use a mass-spring-dashpot systéjected to an oscillatory
driving force to demonstrate the concept of resoeaaResonance is a phenomenon in
which the response amplitude to the driving forta particular frequency is much larger

than at other frequencies. The governing equatothis system is:
w,C .k F .
y"+—y'+—y=—Lsinwt
m m m

The particular solution to this equation is

F 1

e e

= sin(wt — @)

where
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w, = k : Z=£,cc=2mcun
m C.

The term % 21 - is the amplitude of the steady state oscillation.
&) e
a, a,
Thelarger the term 21 = ,the larger is the aople.
2T
wn wn
1

Let ampl =

2 2’
a, a,
Construct a MATLAB program to create a plot of amgl w/ w, for values

of {=1.0,0.5,0.25, 0.10, 0.05, and @ w, < 2 in steps of 0.01, where

The program follows:

% P2_6.m
% This program creates plots of ampl vs. w/wn for s everal values of c.
% ampl=1/sqgrt(arg), where arg=(1-w/wn)"2+(2*c*w/wn) n2

clear; clc;

c¢cm=[1.0 0.5 0.25 0.10 0.05];
dw=0.01;
ampl=zeros(201,5);
wr=zeros(201,1);
fori=1:5

c=cm(i);

for j=1:201
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wr()=(-1)*dw;
arg=(1.0-wr(j))*2+(2*c*wr(j))*2;
ampl(j,i)=1/sgrt(arg);
end
if i==1
curvel=ampl(:,i);
elseif i==2
curve2=ampl(:,i);
elseif i==
curve3=ampl(:,i);
elseif i==
curved4=ampl(:,i);
elseif i==
curve5=ampl(:,i);
end

end

plot(wr,curvel,wr,curve2, wr,curve3,wr,curved,wr,cu
xlabel("omegaratio"), ylabel('ampl’),title('ampl v
text(0.2,0.8,\zeta=1.0"),text(0.75,1.5,\zeta=0.5'
a=0.25"),

text(1.05,3.0,\zeta=0.1"),text(1.2,5.0,\zeta=0.05

Program Results:
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P2.7.The RLC circuit is a fundamental problem in elieetk engineering circuit [4]. In
this project we consider the parallel RLC circtibwn in Figure P2.7 and derive the
governing equation for the voltage across eachuiticomponent when at= 0, the

switch is opened.

We start the analysis with the constituent voltagerent relations for resistors, inductors,

and capacitors:

Resistor (Ohm’s Law): Vi = Rig (P2.7a)
di,
Inductor: v = T (P2.7b)
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Capacitor: ic = ddif (P2.7¢c)

whereR, L, andC are the component values for the resistor (in ghimductor (in
henries) and capacitor (in farads), and the vottagad currents are as defined in the
Figure P2.7. In addition, we assume that the sthbafcuit elementd andC have known

initial conditionsi, (0) andv, (0)at the moment that the switch is opened.

. . X .
1,(1) C) vy § R v, L v =——C

Figure P2.7. Parallel RLC circuit
Kirchhoff ’s Current Law (KCL) states that the saincurrents at any circuit node is
zero. Applying KCL at the top node in the circuies
ig+i +i.=0 (P2.7d)
Also, the parallel topology of the circuit gives

VR =V, =V, =V (P2.7e)

—R+—L+—<=0 (P2.71)

Substituting Equation (P2.7e) into Equation (P2afa) differentiating gives

di, 1 dv
“R_-_—"" P2.7
dt R dt (P2.79)

Substituting Equation (P2.7e) into Equation (P2gilegs
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di _1, (P2.7h)
dt L

Substituting Equation (P2.7e) into Equation (P2giegs

dv i .
—__=_C P2.7i
dt C ( )

Differentiating Equation (P2.7i) gives and rearriaigg

di, _d?v .

Substituting Equations (P2.79g), (P2.7h) and (P2ni§) Equation P2.7f) gives

d’v. 1 dv, 1 _
+ —+ V=
dt? RC dt LC

(P2.7K)

To solve this homogeneous differential equationseek a functiorv(t) such that the

2
derivatives%/(t) and%(t) reproduce the form of(t) . A function that satisfies this

condition is Ae”", whereA anda are arbitrary constants. If we assume that Ae*

then

2

%(t):aAe‘” and %(t)=a2Ae‘”

Substituting these terms into the Differential Btjon (P2.7k) gives:

(az +ia+ij Ae? =0 (P2.7L)
RC LC
Sincee™ # Q then
a'2+ia'+i =0 (P2.7m)
RC LC

The solutions are:
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2
a=- 1 * 1 1 (P2.7n)
2RC 2RC LC

Thus, there are two solutions far, and there are two solution that satisfy the diffeegnti

equation (P2.7k). The general solution to Equation7#9ds the sum of all known

solutions:
2 2
v =Aexp —LH (—1 J ——1t + Bex -1 t- (—13——1t
2RC 2RC LC 2 RC 2R LC
or
2 2
v:exp(—itj Aex (LJ ——1t + B exp- (—13 ——1t
2RC 2RC LC 2R LC

(P2.70)
where expX) = € andA andB are constants which depend on the initial conatiof the

circuit. Note that this solution has three regions of interest:

2
a) Over-dampedif (chj >L—1C, then the solutions are decaying exponentials over

time.

2
b) Under-dampedif (ﬁj < L_1C then the solutions are decaying sinusoids over

time.
For the under-damped case, we can show the siraldgmtavior by applying the

identitiese™ = cosx+ jsinx ande ™ = cosx - jsinx to Equation (P2.70) giving:

2 2
v:exp—it A co S t|+B si SR t
2RC LC (2RC LC (2R

(P2.7p)
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where the coefficientd andB are to be determined by initial conditions.

2
(c) If I i, then the square root term is zero and the systeadisto be
2RC LC

critically damped For this case, the solution is
v=(A+ Bf)ex —it (P2.7q)
A "2re o

We now consider the under-damped case, EquatiaidfP@hereA andB are constants
to be determined by initial conditions and haveuhgs of volts. For the component
values

R=100Q, L=1 mH, C=1xF and initial conditiond, (0) =0 andv, (0) =6 V:

a) Solve for the coefficientd andB.

b) Create a MATLAB program that will calculatt) for 0<t <500us in steps of fs.

c) Plotv(t)vs. t for 0<t <500us in steps of ms.

Solution:
To solve forA andB, we must apply the initial conditions to Equati®®.7p. Evaluating

Equation P2.7p at=0 gives A=V(0). To apply the second initial condition, we know
from know from Equation P2.7d that=-i; —i ., and then applying Equations P2.7a and

P2.7c, we know, = —%—C%t/. Differentiating Equation P2.7p gives

dv

a:eKlt((KiB_ K, Asin K, t+ (K, A+ K, Bcos K, }

2
where we define constants, = S andK, = i—(iJ .
2RC LC \2RC

Thus,
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I :—%—CeKI‘((KlB— K, Asin K t+ (K, A+ K, BcosK;t)

v(0)

At t=0, iL(O):—?—C(KlA+ K,B) and thusB = -

The program follows:

% Project_ 2 7.m

% This script determines the values of the coeffici
% based on the initial conditions.

% R=100 ohms; L=1e-3 henry; C=1e-6 Farads;
% v(0)=vc(0)=6 V

% iL(0)=0 A

clear; clc;

R=100; L=1e-3; C=1e-6; v0=6; iL0=0;

% PART A: Calculate coefficients

K1 = -1/(2*R*C);

K2 = sqgrt( 1/(L*C) - (1/(2*R*C))"2);

A=v0;

B=-(iLO/C + VO/(R*C) + K1*A) / K2;
fprintf(‘'Coefficients: A=%.4f, B=%.4f\n\n', A,B);

% PART B: Calculate v(t) for t=[0,500 microsec] in
fprintf("  t(microsec) v(volts) \n);

fprintf(" \n');

dt=5.0e-6;

for i=1:101
t(i)=(i-1)*dt;
v(i)=exp(K1*t(i))*(A*cos(K2*t(i))+B*sin(K2*t(i)
fprintf('%10.2f  %210.4f\n’, t(i)*1e6,v(i));

end
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% PART C: Plotvvst
plot(t,v), xlabel('time(s)"), ylabel('v"), grid,

title('v in (volts) vs time(s)");

Program results:

Coefficients: A=6.0000, B=-0.9608
t(microsec)  v(volts)

0.00 6.0000
5.00 5.6350
10.00 5.1506
15.00 4.5646
20.00 3.8960
25.00 3.1653

475.00 -0.4259
480.00 -0.4667
485.00 -0.4941
490.00 -0.5082
495.00 -0.5092
500.00 -0.4978

vin (wlts) vs time(s)
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P2.8.Using Equations P2.7a through P2.7e, show thagakerning differential equation

for the inductor current, , in the parallel RLC circuit of Figure P2.7 is givby

d%i, , 1di, 1.

- Ly g = P2.8a
dt? RC dt LC*" ( )

Comparing Equations P2.8a and P2.7k, we see tbadhations are alike, with

replacingv, and therefore, they have similar solutions. Rerunder-damped case,

2 2
i, =exp —it a co 1ot t|+/4sin S P t (P2.8b)
2RC LC [(2RC LC |(2RC

For the component valués= 100Q, L=1 mH,C=1uF and initial conditions, (0) =0

andv; (0) =6 V:

a) Solve for the coefficientsr and S .

b) Ploti (t) for 0<t<500usec in steps of psec

c) Ploti,(t) and v, (t) (solved in Project 2.7) on the same axes. Notewvthan v is at

a maximum,i _is zero and vice versa. This indicates how theggnier the circuit

oscillates back and forth between the capacitoriaghalctor.
Solution:

Differentiating both sides of Equation P2.7b gives

2 .
il = Ld_2|
dt dt
Substituting into Equation P2.7c gives
d?i

iC :LCF

Also, substituting Equation P2.7b into P2.7a gives
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Substituting the above two equations into EquaBard gives

. 2.
£ﬂ+iL+LC d I

=0
R dt dt

Rearranging gives

2. .
d|L+ 1 ﬂ*_ 1iL:0
dt* RC dt LC

Evaluating Equation P2.8b &0 givesa =i (0). To apply the second initial condition
for v(0), apply Equation P2.7b:

V= de—i;: Le“ (( KB~ Ka)sin K,t+ (Ka + K,B) cosK,t)

2
where we defineK, = - andK, = 1 (L . Att=0, we get
2RC LC \2RC

)y,

v(0) = L(K,a + K,B), and thus3 = LK—

The program follows.

% P2_8.m

% This script determines the values of the arbitrar y coefficients,
% alpha and beta for Project 2.8. It also calculate s A and B from
% Project 2.7. It then plots i and v on the same a Xes.

% R=100 ohms; L=1e-3 henry; C=1e-6 Farads;

% The system is under damped [1/LC > 1/(2*R*C)"2 ];
% v(0)=6 V

% iL(0)=0.0 A

clear; clc;

R=100; L=1e-3; C=1e-6; v0=6; iL0=0.0;
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% PART A: solve for alpha, beta

K1 = -1/(2*R*C);

K2 = sqgrt( 1/(L*C) - (1/(2*R*C))"2);
alpha=iL0;

beta= (vO/L — K1*alpha)/K2;
fprintf('Coefficients: alpha=%.4f, beta=%.4f\n\n’,
% From Project 2.7:

A=V0;

B=-(iLO/C + VO/(R*C) + K1*A) / K2;

% PART B: calculate iL(t) and print:
fprintf(" t(microsec) iL(amp) v(volt) \n";

fprintf(’ \n");

dt=5e-6;
for j=1:101
t(G)=(-1)*dt;
v(j)=exp(K1*t(j))*(A*cos(K2*t(j))+B*sin(K2*t(j)
i(j)=exp(K1*t(j))*(alpha*cos(K2*t(j))+beta*sin(
fprintf(' %10.2f %8.4f %8.4f\n",t(j)*1e6,i(j)
end
% PART C: PlotiL, vvs.t
% Note: we scale the voltage plot by .01 to make th
% similar and thus show a more meaningful plot.
plot(t,i,t,v/100,'--"),xlabel('time(s)"), ylabel(i
title('i(amps) and v/100(volts) vs time(sec)"),

legend('i','v/100%;

Program results:

Coefficients: alpha=0.0000, beta=0.1922
t(microsec) iL(amp) v(volt)

101

alpha,beta);

)
K2*())));
V()

e scales ofi and v

, v/100"), grid,



0.00 0.0000 6.0000
5.00 0.0291 5.6350
10.00 0.0562 5.1506
15.00 0.0805 4.5646
20.00 0.1017 3.8960
25.00 0.1193 3.1653

475.00 0.0137 -0.4259
480.00 0.0115 -0.4667
485.00 0.0091 -0.4941
490.00 0.0066 -0.5082
495.00 0.0040 -0.5092
500.00 0.0015 -0.4978

ilamps) and v/100(volts) vs time(sec)

0.25

0.2

0.15

0.1

i, v/100

0.05

-0.05

-0.1
0

P2.9.The classical form for a second-order differergigliation is

d’y dy
— 2 +20w —L+aw’y=0 P2.9a
dt2 Z n dt ny ( )

where ¢ is thedamping factoland w, is thenatural frequencyWe can match the terms

of Equation (P2.9a) with Equation (P2.8a) to fihd damping factor and natural

frequency for the parallel RLC circuit. Thus,
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1
w, =——— and Error! Objects cannot be created from editing fieldcodes.

n \/E
(P2.9b)

Note that for{ <1 the circuit is underdamped, f@r > 1 the circuit is overdamped, and
for { =1, itis critically damped.

For the component valués1 mH,C=1uF and initial conditions, (0) = 0.25 amp and
V. (0) = 6 volt:

a) Determine the resistor value,, which makes the circuit critically damped.

b) Plot the inductor current vs. time for the two values & R=R_, andR= 3R,

for 0 <t <500us in steps of 1/3s. Plot all of the waveforms on one graph

Solution:

a) Setting¢ =1in Equation (P2.9b) and solving fBrgivesR.i;, thus

—3 6
R, = J— V107107 15 8114 ohn

2x10°

For the critically-damped case, the solution ishef form given in Equation P2.7q:

i, =(A+Bt)g ™
Settingt=0 and applying the initial condition give& =i _(0). To apply the second initial
condition, we know from know from Equation P2.7htth

. Locln Le (- Kaw, + B1-¢a, 1)

v(O)

At t=0, v(0)= L(-A{w, + B) and thusB = + A, .

For the underdamped case wh&e R,5 we use the same solution as in Project 2.7.
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iL:e‘Z‘“"t{a cos( 1—(2a)nt) +[ sin( }Zza)nt)}

@+Za)a

L
V1-Pa,

The program follows.

wherea =i, (0), B =

% P2_9.m

% This project determines iL(t) of an RLC circuit f
% R=Rcrit and R=5Rcrit.

% Component values: L=1mH and C=1uF

% Initial conditions: vO=6V and iL0=0.25A

clear; clc;

L=0.001; C=1.0e-6; iL0=0.25; v0=6;

Rcrit = sqgrt(L*C)/(2*C);

omega = 1/sqrt(L*C);

% Calculate coefficients for critically damped case
zeta_crit = 1/(2*Rcrit*C*omega);

A =IiL0;

B = vO/L - A*zeta_crit*omega,

% Calculate coefficients for underdamped case
zeta_underdamped = 1/(2*(5*Rcrit)*C*omega);

alpha = iLO;

beta = (vO/L + zeta_underdamped*omega*alpha)/ ...

(sqrt(1-zeta_underdamped”~2)*omega);
fprintf('Rcrit=%.4f ohm \n',Rcrit);
dt = 0.5e-6;
for n=1:1001

t(n)=(n-1)*dt;

iL_crit(n) = exp(-zeta_crit*omega*t(n))*(A+B*t(
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iL_underdamped(n) = exp(-zeta_underdamped*omega *t(n)) * ...

(‘alpha * cos(sgrt(1-zeta_underdamped”2)*om ega*t(n)) + ...
beta * sin(sqgrt(1-zeta_underdamped”2)*omega *t(n)) );

end

plot(t,iL_crit,t,iL_underdamped,'--"), xlabel('t"), ylabel('iL"),

title('iL vs. t for R=Rcrit and R=5*Rcrit"), grid,

legend('R=Rcrit','R=5*Rcrit");

Program results:

Rcrit=15.8114 ohm

iL vs. t for R=Rcrit and R=5*Rcrit
0.5

R=Rcrit
—— -~ R=5*Rcrit

0.4f-------r-------

0.3——X 777777777777 A oo |
0.2 ———\ 777777777777 i 7777777777777777 i ,,,,,,,,,,,,,,, |

0 S

iL

01---—-——"r-—-—-%--—~

-0.2
0

P2.10.Using Equations (P2.7c), (P2.7d), (P2.8b) and7i®2we can show that for

under-damped case in the parallel RLC circuit that
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(P2.10a)

Take the following component values to Bes 100Q, L=1 mH, C=1xF and initial

conditionsi, (0) =0 andv(0)=6V:

a) If you have completed Project P2.7, use the vdea and B obtained in that
program in Equation P2.10a, otherwise do part {&roject 2.7.

b) If you have completed Project P2.8 use the valoesrfand 8 obtained in that
program in Equation P2.10a, otherwise do part{&roject 2.8

c) Construct a MATLAB program to calculatg(t) for 0<t<500 ps in steps of ps.

Ploti,(t) vs.tfor 0<t<500 ps in steps of ns.

Solution:

The program follows.

% P2_10.m:
% Solve for iR in the parallel RLC circuit by using iR=-iL-iC

clear; clc;
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R=100; L=1e-3; C=1e-6; v0=6; iL0=0;

% Coefficients from Project 2.7:

K1 = -1/(2*R*C);

K2 = sqgrt( 1/(L*C) - (1/(2*R*C))"2);

A=v0;

B=-(iLO/C + VO/(R*C) + K1*A) / K2;

% Coefficients from Project 2.8:

alpha=iL0;

beta= (vO/L - K1*alpha)/K2;

fprintf('Coefficients from Proj. 2.7: A=%.4f, B=%.4
fprintf('Coefficients from Proj. 2.8: alpha=%.4f, b
alpha,beta);

% Calculate iR(t) for t=[0,500 microsec] in steps o

fprintf("  t(microsec) iR(amps) \n");

forintf( \nY;
dt=5.0e-6;
for i=1:101
t()=(i-1)*dt;
iR()=exp(K1*(i))* ...
( -( alpha*cos(K2*t(i))+beta*sin(K2*t(i))
+ 1/(2*R)*(A*cos(K2*1(i))+B*sin(K2*t(i))
- C*K2*(-A*sin(K2*t(i))+B*cos(K2*t(i))) )
fprintf(%10.2f  %10.4An", t(i)*1e6,iR(i)):
end
% Plot:
plot(t,iR), xlabel('time(s)"), ylabel('i_R"), grid,

title('i_R in (amps) vs time(s)");
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Program results:

Coefficients from Proj. 2.7: A=6.0000, B=-0.9608
Coefficients from Proj. 2.8: alpha=0.0000, beta=0.1 922
t(microsec) iR(amps)

0.00 0.0600
5.00 0.0563
10.00 0.0515
15.00 0.0456
20.00 0.0390
25.00 0.0317

475.00 -0.0043
480.00 -0.0047
485.00 -0.0049
490.00 -0.0051
495.00 -0.0051
500.00 -0.0050

iR in (amps) vs time(s)
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time(s) -4

P2.11.This project involves a series RLC circuit as shawFigure P2.11.
The resistor, inductor, and capacitor voltage-aurrelations using their respective
constituent relations are:

Ve = iR (P2.11a)
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v, = ot (P2.11b)

ic =C% (P2.11c)
wherevg, v, andv, are the voltages across the resistor, inductar capacitor
respectively,i;, i, andi. are their respective currents, éRd. andC are their
respective component values in ohms, farads, anddse
Applying Kirchhoff’s voltage law around the RLC lp@ives

Vo= %-V -\ =0 (P2.11d)

In the series case, all of the components havaldmgical current and thus we define

i=i =i =i (P2.11e)
+
R g e
" +
O g
+
C ==y,

Figure P2.11. Series RLC circuit
a) Using Equations (P2.11a) — (P2.11e) derive tverning differential equation for the

capacitor voltagey, .
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b) Using Project P2.7 as a guide, derive the thossible solutions to the governing
differential equation for the voltage. . Assume that the voltagé, becomes zero for
t>0.
¢) The obtained solutions in part (b) should inedtwo arbitrary coefficientd andB.
Determine the values f@& andB for the following two cases:
1.R=100Q, L=1 mH,C=1xF and initial conditions(0) =0 andV, (0)=6V.
2.R=100Q, L=1 mH,C=0.1xF and initial conditions(0) =0 andV, (0)=6V .
d) For the two cases of part (c), plats. t, for 0<t<10™s in steps ofl0° s on the same

page.

Solution:

a) Substituting Equations P2.11a and P2.11b intdIePRand rearranging gives

R+ L9y =y
dt

Now substituting Equation P2.11c into the aboveagiga gives

RC

dv, d* v
Zeyict iy =
dt T ¥

d’, Rdy 1V
=>—L+——C+4 = —n
dt L dt LC LC

b) From Project P2.7:

To solve this homogeneous differential equationseek a functior, (t) such that the

d?v,
dt?

derivativesdditc(t) and (t) reproduce the form of.(t) . A function that satisfies

this condition isAe”", whereA anda are arbitrary constants. If we assume that

V. = A€, then
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dv, d?y,
—C(t)=gA¢" and —=(t)=a’Ad"
gt (t) e (t)

Substituting these terms into the differential &epn (assuming/,, =0) gives:
o>+ R g+l | aemt=0
L LC

Sincee® # Q then

(az +Ba+i} =0
L LC

The solutions are:

R ( Rjz 1
a=-—= || —| ——
2L 2L) L

Thus, there are two solutions far, and there are two solution that satisfy the deffiial

equation. The general solution is the sum of adivkm solutions:

2 2
oo [ 2] rood-2 e 2

or

2 2
Ve :exp(—z—lT_tj Aex{ (Z_RLJ —L—lc t}+ B ex%— (Z_Flj) —L—lc t}

where expX) = € andA andB are constants which depend on the initial condstioithe
circuit.

Note that this solution has three regions of interes
(RY_ 1 . . .
I.  Over-dampedif oL >L—C, then the solutions are decaying exponentials over

time.
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2
II.  Under-dampedif (Z_Flj <L—1C, then the solutions are decaying sinusoids oweg.ti

For the under-damped case, we can show the sinugaldatior by applying the

identitiese™ = cosx+ jsinx ande™* =cosx - jsinx giving:

2 2
vC:exp—Et A co 1 (R t|+B si 1 (R t
2L LC 2L LC 2L
where the coefficientd andB are to be determined by initial conditions.

2
. If (Z_IT_j = L_lc then the square root term is zero and the systeaidsto be

critically damped For this case, the solution is
V. =(A+ Bt)exp(—itj
c 2L

2
c) ForR =100, L=1 mH,C=1uF, (Z_F:_j >L_1C and thus the system is over-damped.

2
ForR=100Q, L=1 mH,C=0.1uF, (Z_T_J <L_1C and thus the system is underdamped.

For the over-damped case,

Ve = €9 (AE? +Be " ?) (S2.11a)

2
where we define the constaris = -R andK, = (Ej -1 . In order to solve for
2L 2L LC

A andB, we apply the initial conditions. Becaug@) = 0, we assume that the circuit is in
the steady state and thuys(0) =V, (0) (because in the steady state, the voltage drops

across the resistor and inductor will be zero).sTlavaluating Equation S2.11a=a0

gives
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V. (0)= A+ B (S2.11b)

We now need to find an expression to apply theaintondition fori. From Equation

P2.11c, we know :C% and thus

i =Ce (A(K + K,) & + B K- K) &) (S2.11c)
At t=0,
i(0)=C(A(K, +K,)+B(K, - K,)) (S2.11d)

Solving Equations S2.11b and S2.11dAandB gives

_k)-10)
e Ve (0)(K - Ky) C
—2K,

B= i(cc:))_vc(o)(Kl + Kz)

-2K,
For the under-damped case, we assume a solutibie édrm

Ve = €9 (acosKt+ S sinK;t ) (S2.11e)

2
whereK, = L_lc_(z_'ij anda andg are determined by the initial conditions.
Evaluating Equation S2.11ets0 givesv, (OF a. To apply the initial condition far
we knowi :Cddif and thus

i =Cddif =Ce" ((Ka + KB) cos K t+ (KB - Kg )sinK.t)

Evaluating at=0 givesi(0) =C (K,a + K,£) and thusg = (% - K\ (0)} IK,.
The program follows.

% P2_11.m

% Solve series RLC circuit for over-damped and
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% underdamped cases.
clear; clc;
% Circuit parameters:

R=100; L=1e-3;

C_overdamped=1e-6; C_underdamped=0.1e-6;

% Initial conditions:
Vin0=6; i0=0.0;

% Solve for coefficients
K1 = -R/(2*L);

K2 = sqgrt( (R/(2*L))*2 - 1/(L*C_overdamped) );

K3 = sqgrt( 1/(L*C_underdamped) - (R/(2*L))"2);

A = (Vin0*(K1-K2)-i0)/(-2*K2);

B = (i0-Vin0*(K1+K2))/(-2*K2);

alpha = Vin0;

beta = (i0/C_underdamped - K1*Vin0 )/ K3;
fprintf(‘'Coefficients: A=%.4f, B=%.4f\n', A,B);
fprintf('Coefficients: alpha=%.4f, beta=%.4f\n\n',
% Calculate waveforms:

fprintf(" t(microsec) i(amp) vC(volt) \n";

fprintf(’ \n");
dt=1e-6;
for j=1:101

t()=@-1)*dt;

vC_overdamped(j) = exp(K1*t(j)) * (A*exp(K2*t(j

K2*1())));

i_overdamped(j)= C_overdamped*exp(K1*t(j)) * ..

(A*(K1+K2)*exp(K2*t(j)) + B*(K1-K2)*exp(-K2

vC_underdamped(j) = exp(K1*t(j)) * ...

(alpha*cos(K3*t(j)) + beta*sin(K3*t(j)));
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i_underdamped(j) = C_underdamped*exp(K1*t(j)) *
( (K1*alpha+K3*beta)*cos(K3*t(j)) + ...
(K1*beta-K2*alpha)*sin(K3*t(j)));

fprintf(" %10.2f %8.4f %8.4f %8.4f %8.4f \n',t ()*1es,...
i_overdamped(j),vC_overdamped(j),i_underdamped()),.
vC_underdamped()));

end

% Plot:

subplot(2,1,1);

plot(t,i_overdamped),ylabel('i (A)"), grid,

title('Project 2.11, overdamped case'),

subplot(2,1,2);

plot(t,vC_overdamped),ylabel('v_C (V)",grid,

xlabel('time (s)");

figure;

subplot(2,1,1);

plot(t,i_underdamped),ylabel(i (A)"), grid,

title('Project 2.11, underdamped case"),

subplot(2,1,2);

plot(t,vC_underdamped),ylabel('v_C (V)"),grid,

xlabel('time (s)");

Program results:
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Project 2.11, overdamped case
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Project 2.11, underdamped case
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P2.12.This project is a variation of Project P2.11. &ast of solving for the voltage.

in the series RLC circuit of Figure P2.11, we clmo &olve for the curremtthrough the

circuit elements.
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a) Use Equations P2.11a through P2.11e show thabhéocdse wheX, = 0, the

governing differential equation fag is:

d% Rdi i _
+ +

24y = P2.12a
dt* Ldt LC ( )

b) Show that the general solution to Equation (P2.i22a)

2 2
i =exp —Et a co 1 (R t|+4 si 1 (R t (P2.12b)
2L LC 2L LC 2L
c) For the following component and initial conditiomlgterminea and £ .
R=10Q,L =1 mH,C=2uF, and initial conditions/,(0) =10 and
6

dv,
€ (0)z——
a0

JLC

d) Ploti vs.tfor 0<t<400u-=.

Solution:

a) We start by differentiating both sides of Equatitfh11d and setting,, = O:

dv N dyv | dv.

L+ =0 2($2a)
dt dt dt
. . . . dy, _, d?
By differentiating both sides of Equation P2.11le, kmow thatE = LW' By
differentiating both sides of Equation P2.11a, wew tha % = R%. Finally, from
Equation P2.11c, we know thadéVT =|—C. Substituting these three results into Equation
S2.12a gives
. 2.
Rﬂ + |_d_2I +|_ =0
dt = C
Rearranging gives
di Rdi i
4+ 4+ =
dt Ldt LC
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b) Assume an exponential solution with constaaendK:

it) = Ae
' kaee
at
2.
a7 epge
dt

Substituting into the differential equation gives
K2adt + R kag+ L A =0
L LC
Dividing both sides byAe“ gives

K2+BK+L:O
L LC

Solving forK gives
2
K= —3 + _R —i
2L 2L LC
1 (RY .
In underdamped cases whelf% > L) then the square root term is complex and

2
K= —Ei ] 1 (R . Thus, the solution is a sum of the two solutifor:
2L LC \2L

i =e| Ae VTlC_(ZEL)ZE Eae_jVLlc_(’-’Rjt (S2.12b)

whereA andB are constants. Applying the identi#& = cosx+ j sinx to Equation

S2.12b gives
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R 2 2 2 2
it)=e 2| Acos i—(ij t+ JASsi i—[—Rj t+ B co —1—(—Rj t— jB si —1—(—Rj t
LC \2L LC 2L LC \ 2L LC \ 2L
Ry 1 (R, 1 RY
=e? | (A+ Bcos,|——-| — | t+ |(A- B)sin——-| — | t
( B LC (ZLJ I ) LC (ZLJ

We now define the new constartsand S in terms of the previous consta&sndB

such thato = A+ B and 8= j(A-B) and thus

0 =expl - R S L-(RY -q/_l__Rz
|(t)—exp( ZLtj{aco C (ZLjHﬂ Si C (ZthJ (S2.12¢)

6 . We know that =C%§

¢) The initial conditions arey. (0) =10 and d(;/f 0)=

JLC
and thus
dv, 6 _i(0) . JE . . .
0)= = and thusi(0) = 6,/— . Evaluating Equation S2.12c fox0 gives
ot (0) Jic_ ¢ (0) 3 g Eq g

a =i(0). To apply the second initial condition, rearrafggation P2.11d to get

V. =—V;— V.. We know from Equation P2.11a that=iR and from Equation P2.11b
di
thatv, = La, and thus

V. =-IR- Lﬂ
dt (S2.12d)

=-iR- L(eKlt ((@ K +BK)cosK,t+ BK ~a Kz)sinKzt))

2
where we define the constarifs = _R andK, = L (R . Evaluating Equation
2L LC (2L

v.(0)+i(0)R/ 2

S2.12d at=0 givesV;(0) = -i(0O)R- L@@ K, + BK,) and thusg = - K
2

d) The program follows:

% P2_12.m

% Solve series RLC circuit using current as state
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% variable
clear; clc;
% Circuit parameters:

R=10; L=1e-3; C=2e-6;

fprintf(‘Circuit parameters: R=%d, L=%.0e, C=%.0e\n

% Initial conditions:

vC0=10;

i0=6*sqrt(C/L);

fprintf('Initial conditions: vC0=%.4f, i0=%.4f\n",v
K1 = -R/(2*L);

K2 = sqgrt( 1/(L*C) - (R/(2*L))"2);

alpha=i0;

beta= -(vCO+i0*R/2)/(L*K2);
fprintf(‘'Coefficients: alpha=%.4f, beta=%.4f\n\n’,
fprintf(" t(microsec) i(amp) \n";

fprintf(" \n');

% Calculate i for 0<=t<=400 usec

dt=1e-6;

for j=1:401
t()=(-1)*dt;
i(j)=exp(K1*t(j))*(alpha*cos(K2*t(j))+beta*sin(
fprintf(' %10.2f %8.4f \n',t(j)*1e6,i(j));

end

% Plot

plot(t,i),xlabel('time(s)"), ylabel(i"), grid,

title('i(amps) vs time(sec)");
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Program results:

Circuit parameters: R=10, L=1e-03, C=2e-06

Initial conditions: vC0=10.0000, i0=0.2683

Coefficients: alpha=0.2683, beta=-0.5204
t(microsec) i(amp)

0.00 0.2683
1.00 0.2556
2.00 0.2430
3.00 0.2303
400 0.2176
5.00 0.2050

395.00 -0.0781
396.00 -0.0772
397.00 -0.0763
398.00 -0.0753
399.00 -0.0744
400.00 -0.0734

i(lamps) vs time(sec)

0.3

0.2

0.1

-0.1

-0.2

-0.3

-0.4
0

P2.13. A common problem in serial data communicatiothét digital bitstreams often
contain long sequences of ones or zeros which @asecthe receiver to become
unsynchronized. One solution is to use Manchestging in order to ensure that the

bitstream contains many transitions so that iaisiex to recover the clock.
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10BaseT Ethernet uses Manchester coding as depickegure P2.13a where a logical
“one” is encoded as a low-to-high transition andgacal “zero” is encoded as a high-to-
low transition. By ensuring that each bit contaartsansition, the receiver can extract (or
“recover”) a clock signal from
the transmitted waveform by using a phase-lockeg rcuit.
a) Using thef-else ladder in MATLAB, generate the waveform of Figure
P2.13b for the bit sequence “1101” and plot. Asstimeefollowing parameters:

“High” voltage: +2.5V

“Low” voltage: —2.5V

Bit rate: 10 Mbps (i.e. each bitis 0.1 ps inatiom)
When modeling your waveform in MATLAB, generateweas from zero to 0.4 us in

steps of 0.01 ps. Plot using MATLAB@ot command.

b) What is one disadvantage of Manchester coding?
1 =
0 =
(a)
+2.5V - —
1101 =
2.5V
S —
0.1pusec

(b)
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Figure P2.13. (a) Manchester coding. (b) Bit seqaé€n101.”
Solution:
The main disadvantage of Manchester code is thagjitires twice the bandwidth as
other encoding schemes.

The program follows:

% P2 _13.m
% plot Manchester-coded bit sequence using if-elsif
step = 0.01e-6;
interval = 0.4e-6;
high=2.5;
low=-2.5;
t = O:step:interval,
for i=1:length(t)
if t(i) < 0.05e-6
v(i)=low;
elseif t(i)< 0.10e-6
v(i)=high;
elseif t(i)< 0.15e-6
v(i)=low;
elseif t(i)< 0.25e-6
v(i)=high;
elseif t(i)< 0.35e-6
v(i)=low;
else
v(i)=high;
end
end

plot(t,v);
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axis([0,interval,-3,3]);
xlabel('t (sec)),ylabel(‘output (volts)"),

title('Manchester code output for “1101");

Program results:

Manchester code output for '1101'

3 T T \

output (volts)

t (sec) %107
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