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1 Bf 1

-This program finds a numerical solution to the problem partai ning to the

.met

ele

ic

n of a cannon ball acted on by gravity and viscous linear drag.

clear all
close =71

% Givens

g:

1;

vo = 1;

thet
m =

a

1;

.Select

c:

1;

iGraviational acceleration in m/s"2

“Initial velocity magnitude in m/s
pi/4; “Launch angle in radians
Mass in kg

value for air drag constant L////f

kg/s

“Initial vectors of interest
[0 O0]'; ' Fosition vector
[vO*cos (theta) vO0*sin(theta)]'; Velocity vector

r=
v =

Implementation of Euler's method

step = 0.001; (Step size in seconds used in the Euler method
time_ span = 2; “Total time in seconds used to calculate trajectory
for k = 1:{time span/step)
a = (-c/m)*v-[0 gl'; Acceleration
r = r+(step)*v;
v = v+(step) *a;
plot(r(l),xr(2),'ro'")
hold cn
end
axis souvare
xlabel('x [m]")
ylabel ('v [m]")
title('Cannon ball trajectory for t = 2 s using Euler method with step size

(by

)



Cannon ball trajectory for t = 2 s using Euler method with step size 0.001 s

042 T T T I T

0.1 0.2 0.3 0.4 0.5
x [m]

0.6

0.7



) )

Compare. Yhe qumeric ank analghC  Solotons, A4

_\_—_g \ﬁow \Qifj e %e error?, How o\oe§ qu eSror
&@ené\ on S‘\'ep Size

4

Ug?nf) the Mo¥lay cde Leom part (L\) the

POf;‘J‘;Oq
o*@ ‘We COnnon )oc\\\ o\'\' —3r“— 2

KBS
X = O'(O”S meers
4= —0.5337 ety

(ax =9 ¢

y NUmeric cecy H~5

The anoly B Tesold) £, Pt (&) (as

MmVo ’%’G\\'\‘ L 2 =
0w = (RS 193]y, 2oy ”]-—('ﬂ;ﬂ{

C

= kg/5)and +:QS

\
DR CHOTE I S ) A /

(o* ¥ = ds analyfic Cesu 1+




1) ) ( ConHnued)

= At 4= ’()Q) ‘Yhe ercor betwesy Hng 2l

ZD-)L)‘Q
an O NvmMe e 90!\)‘}'}'0/1/ ) S
2]
e_rur-jr N Aumefie ™ ?MQIU‘H\L
.

& Ccor

= I( 0. 615 )] -(0'5937m) S'X

)—\_& _
€cor ~ (0.000] m\/\\

g@c? O\"H'ML»()\

aCRALIP I S3390)8

P,a+ Q"F %Q_ o\ﬂa}t)—)')KC. S_b/u')")"o'ﬂ
VS . Hr\e NVrn e ¢ Sb/u%‘oﬂ (,\,{% 9N g'l‘(ZP $/ze OP
o.o0\ s Ror 4= CXS The M,

ik Code .yse ) 4o
3€A9—f2\jrﬁ Hhese plotr ‘

o alss ek,



9/4/12 1:40 AM D:\Documents\MATLAB\MAE 5735 Hmwk2 P2b.m 1 of 2

.This pregram finds a numerical sclution to the problem pertaining to the

tmotion ¢f a cannon ball acted cn by gravity and viscous linear drag.

clc
clear 211
close all

iGivens
g = 1; "Graviational acceleration in m/s”2
v0 = 1; %Initisl velocity magnitude in m/s

theta = pi/4; " Launch angle in radians
m = 1; lass in kg

fu

ue for air drag constant

ct wval
Jopd

e
c = 1; tkg

tey

3Initial vectors of interest
[0 0]'; %Position vector
[vO*cos {theta) vO0*sin(theta)]'; “elocity vector

il

B

I

v

“Implementation of Euler's method
step = 0.001; %Step size in seconds used in the Euler method
time span = 2; 5Total time in seconds used to calculate trajectory
for k = 1: (time span/step)
a = (~c/m)*v-[0 g]"; .Acceleration
r+(step) *v;
v v+ (step) *a;
plot{r{l) ,x(2);"ro")
hold on
end
axis sguare
xlabel('x [n]")
ylabel('y [m]")
title('Cannon ball trajectory for t = 2 s using Euler method with step size 0.001 sk

(by A.Savas)')

Il

X

“The following plcts the cannon ball trajectory from the analytical
$solution for t = 2 s.
figure
for t = Q:step:2
position = [({(m*v0*cos(theta))/c)*(l-exp((-c/m)*t)}) (((m*vO*sin(theta))/c)+(m"2%qg)e
Fle”2))* (1-exp( (—c/m) *L) )= { (m*g) /el *£] " :
plot (position(l), position(2),'ko')
hold con
end

axis square
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xlabel('x [m]"')
ylabel ('y 'm]")
title('Cannon kb

11

>all trajectory for t = 2 s



Cannon ball trajectory for t= 2 s using Euler method with step size 0.001 s
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.By b//
¥MBE L7700

*HW 2, Problem 2d

*This program uses the analytic scoluticn to the problem pertaining to the
‘motion of a cannon ball acted on by gravity and viscous linear drag to

plot trajectories for varicus initial speeds, v0.

cle

clear all

close 11

Givens

g = 1; “Graviational zcceleration in m/s"2

v0 = 1; Initial velocity magnitude in m/s
theta = pi/4; Launch angle in radians
m= 1; Mass in kg

.Select value for zir drag constant
c=1; *kg/s

%The following plots the cannon ball trajectory from the analytical
“solution for a certain time interval.
step = 0.001; .Step size for plotting analytic solution
for t = O:step:2
position = [((m*vO*cos(theta))/c)* (l-exp((-c/m)*t)) (((m*vO*sin(theta))/c)+(m*2*g)«
/{c”2) ) * (l-exp((-c/m)*t))-((m*qg) /c)*t]"';
plot (position(l), position(2),'k~>")

hold on
and
axis =sovare
xlabel (' [m]")
ylabel('y [m]")

title('Cannon ball trajectory with v0 = m/e computed analytically

")



Cannon ball trajec

tory with vO = 1 mV/s computed analytically
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Cannon ball trajectory with vO = 5 m/s computed analytically
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Cannon ball trajectory with v0 = 10 m/s
5

computed analytically
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Cannon ball trajectory with vO = 50 m/s computed analyfically
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Cannon ball trajectory with
5 ;

v0 = 10 m/s computed analytically
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Cannon ball trajectory with vO = 50 m/s computed analytically
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Cannon ball trajectory with v0 = 100 m/s computed analytically
70; ; ; ;
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By -
SMAE 5735
HW 2, Problem Ze

¢This preogram uses the analytic solution to the problem pertaining to the
.motion of a cannon ball acted on by gravity and viscous linear drag to
determine the optimal launch angle, theta, which gives rise to the maximum
tachievable range based on a given initial speed, 0.

clc
clear 11
close all

Givens
g = 1; %Graviational acceleration in m/s"2
v0 = 1; tInitial velocity magnitude in m/s
m= 1; %Mass in kg

Select value for air drag constant

e
c =1; "kg/s

.The follcwing determines the optimal launch angle in radians which, for a
“given v0, gilves the largest range.
step = 0.001; :Step size for stepping through analytic soclution
max_range = 0; .Set arbitrary mazimum range
for theta = 0.001:.001:1.5 ~Try out various launch angles
for £t = 0:s5tep:800

position = [((m*v0*cos(theta))/c)*(l-exp({~-c/m)*t)) (((m*v0*sin(theta))/c)k
+(mA2*g) / (c”2) ) * (1-exp ( (-c/m) *t) ) - ({m*g) /c) *t] ';

if position(2)<0 «Checks if cannon ball rezches the ground

if position(l) >= max range; .Checks if current theta gives a new maxk

range
max_range = position(l); " Updates the max range
optimal theta = theta; Updates the optimal theta
end
break "Stops stepping through time if the cannon ball recaches thowk
ground
end
end
end

optimal theta .Displays the optimal theta in the commrand window
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