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Chapter 1

QuickAnimation for Display and Animation
of Objects

1.1 Introduction

H Positions of damped fre -0/ %]

File MNext Previous All Go Stop Fast Slow
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Figure 1.1: QuickAnimation window showing the positionglufee vibration systems.

QuickAnimation™ is a program for quick animation and display of various ofsigsased on specified
x-y coordinate data. Like other Softintegration produsisiplicity and easy to use is the key for this utility
program.Quick Animation ™ is especially suitable for animation of two-dimensionalcimenical systems.
For example, th€uickAnimation™ window shown in Figuré 1]1 displays a menu bar and overdamped
critical damped, and underdamped vibration systems. Tdm@adied objects are drawn in the largest area of
the window with a title above it. The details on how to use @heckAnimation™ program ofganimate
for animation are described in this chapter.
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1.2 User Interface for Quick Animation™

A QuickAnimation™ data file for objects typically has a file extension .qgnm. Tagdile can be invoked
by theQuickAnimation™ commandganimate as follows:

gani mat e datafile.gnm

to launch theQuickAnimation™ window, as shown in Figuiie 1.1.

The menu bar in the QuickAnimation window contains a serf@senus which manipulate the animated
system. The=i | e menu allows one to quit the program. THext andPr ev buttons control the frame
of an animation, and th&l | button displays all frames at once. Thast and Sl ow buttons change
the speed of animation. Theo andSt op buttons start and stop animation, respectively. The systm
move in either direction by pressing tReev button for one direction and thidext button for the opposite
direction. When th&o button is pressed, the system will move in the direction ipresty assigned by the
Pr ev or Next button.

1.3 Input Data Format

The typical format for a QuickAnimation data file is displdyia Figure_1.R. It is specified with the following
typographical notation:

e Typewriter text specifies actual keywords.
e Enphasi zed text is specified by the user.
e Text between square brackefq ° are optional.

e The line character” specifies an “OR” condition.

The character#’ on the first line delimits a comment. QuickAnimation willigre anything on that line
following the ‘#’ character. The title of the mechanical system is specifiedhibti t | e keyword fol-
lowed by the title string delimited by the double quotatidraxacter, *’. Keyword f i xt ur e allows the
following lines to define the fixed objects. Tipei m ti ves are commands used to define general and
mechanical components of the displayed or animated sySteeani mat e begins the inputting of of data
for animation. Each line following keywordni nat e represents one frame of the animation, as indicated
by the superscript opri m ti ve. The optionr est art specifies that when the animation is finished, it
starts again from the beginning. The optioaver se specifies that when the animation is finished, it starts
the animatin backwards from the last frame till the first feanthepri m ti ves following the keyword

st opped will be displayed only when animation is stopped. A framegists of a data set that can con-
tain multiple primitives. The continuation charactér’ can be used to span primitives in a data set over
multiple lines. An animation witm number of frames requiresnumber of data sets.
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# coment

title "title string"

fixture

prinmitives

animate [ restart | reverse ]
primtives! [ stopped primtives! ]
primtives? [ stopped primtives? ]

primtives™ [ stopped primtives” ]

Figure 1.2: QuickAnimation data format.

1.3.1 General Drawing Primitives

Figure[1.B shows the various general drawing primitivesiavi for QuickAnimation. These primitives
allow for the drawing of an arc, line, segment, circle, palggand rectangle as well as the insertion of text
into a QuickAnimation program. The syntax for drawing sucimitives are displayed in Figufe 1.4. As
an example, consider the sytax for drawing a line. One magifspe line by typingl i ne followed by
the x- and y-coordinates of the starting and ending pointhefline (i,e.1ine 0 0 2 3 draws a line
from the origin to point (2,3) in the Cartesian coordinatsteyn). Multiple lines may be linked together by
adding more coordinate points after thene statement. Similarly, a circle may be drawn by specifying
its center point and radius according to the syntax in Fifude The various options available for each
general drawing primitives are displayed in Figure 1.5, an@xample of color and font options is listed in
Figure[1.6.
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Arc Text
x y).st ring
hei ght Circle
radi us
Line
(%, Polygon
T~ ~ - (X vy )
e (x.¥) 272 -~
“ce
(%) SR
v (%, %)
Segment
g Rectangle
X, ¥,)
hei ght
angl e
oy T

*y)

Figure 1.3: Graphical representation of general drawingipves

line T1 Y1 T2 Y2 [ :Unyn]

arc zy wdth height anglel angle2
Segrrent 1 Y1 T2 Y2

rectangle zy width height [ angle angle ]
polygon =1 y1 Zays Z3Yys ... TnYn

text xy string

circle zy radius

dot zy

Figure 1.4: Syntax for general drawing primitives
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l'ine
segment
[ pen color ]
[ linewi dth pixelw dth ]
[ linestyle solid |
dashed [ length pixellength ] |
dotted [ gap pixelgap ] ]
[ capstyle butt | round | projecting ]
[ joinstyle miter | round | bevel ]
[ depth depth ]
arc
circle
pol ygon
rectangle ...
[ pen color ]
[ fill color [ intensity percent ]
[ pattern nunber ] ]
[ Iinewi dth pixelwdth ]
[ linestyle solid |
dashed [ length pixellength ] |
dotted [ gap pixelgap ] ]
[ capstyle butt | round | projecting ]
[ joinstyle miter | round | bevel ]
[ depth depth ]
t ext ..
[ pen color ]
[ depth depth ]
[ font fontnane ]
dot e
[ pen color ]
[ depth depth ]
Figure 1.5: Options for general drawing primitives
color { red | blue | yellow | white | black | grey90 ... }

font { fixed | 6x13 | 6x13bold | |ucidasanstypewiter-12 ...

Figure 1.6: Sample color and font options

Colors and fonts are specified by the X Window System in UnikAfndows.
The valid color names and their corresponding GRB valuefisiesl below.

Col or Nane Hexadeci mal R G B
val ues
white #ffffff = 255 255 255
bl ack #000000 = 0 0 0
grayo0 #000000 = 0 0 0
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greyO #000000 = O O O
grayl0 #lalala = 26 26 26
greyl0 #lalala = 26 26 26
gray20 #333333 = 51 51 51
grey20 #333333 = 51 51 651
gray30 #4d4d4d = 77 77 77
grey30 #4d4d4ad = 77 77 77
gray40 #666666 = 102 102 102
grey40 #666666 = 102 102 102
gray50 #rf 7t 7f = 127 127 127
grey50 #rf7f7f = 127 127 127
gray60 #999999 = 153 153 153
grey60 #999999 = 153 153 153
gray70 #b3b3b3 = 179 179 179
grey70 #b3b3b3 = 179 179 179
gray80 #cccecee = 204 204 204
grey80 #ccceece = 204 204 204
gray90 #ebebeb = 229 229 229
grey90 #ebebe5 = 229 229 229
grayl100 #ffffff = 255 255 255
grey100 #ffffff = 255 255 255
gray #bebebe = 190 190 190
grey #bebebe = 190 190 190
l'i ght - gray #d3d3d3 = 211 211 211
light-grey #d3d3d3 = 211 211 211
dar k- gr ay #a9a9%a9 = 169 169 169
dar k- grey #a9a9%a9 = 169 169 169
red #ff0000 = 255 O O
light-red #f 03232 = 240 50 50
dar k-red #8b0000 = 139 0 O
yel | ow #ffff00 = 255 255 0
l'ight-yell ow #ffffe0 = 255 255 224
dark-yel | ow #c8c800 = 200 200 0
green #00f f 00 = 0 255 0
[ ight-green #90ee90 = 144 238 144
dar k- green #006400 = 0 100 0
Spring-green #00f f 7f = 0 255 127
forest-green #228b22 = 34 139 34
sea- green #2e8b57 = 46 139 87
bl ue #0000ff = O O 255
i ght-blue #add8e6 = 173 216 230
dar k- bl ue #00008b = 0 0 139
m dni ght - bl ue #191970 = 25 25 112
navy #000080 = 0 0 128
medi um bl ue #0000cd = 0 0 205
royal bl ue #4169el = 65 105 225
skybl ue #87ceeb = 135 206 235
cyan #OOffff = 0 255 255
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[ ight-cyan #eOf fff = 224 255 255
dar k-cyan #008b8b = 0 139 139
nmagent a #ff 00f f = 255 0 255
i ght - magent a #f055f0 = 240 85 240
dar k- magent a #8b008b = 139 0 139
turquoi se #40e0d0 = 64 224 208
[ i ght-turquoise #af eeee = 175 238 238
dar k-t ur quoi se #00cedl = 0 206 209
pi nk #ffcOcb = 255 192 203
l'i ght - pi nk #ffb6cl = 255 182 193
dar k- pi nk #ff 1493 = 255 20 147
coral #ff7f 50 = 255 127 80
l'i ght - coral #f 08080 = 240 128 128
orange-red #f f 4500 = 255 69 0
sal non #f a8072 = 250 128 114
i ght-sal non #ffa07a = 255 160 122
dar k- sal non #e9967a = 233 150 122
aquamari ne #7fffd4 = 127 255 212
khaki #f 0e68c = 240 230 140
dar k- khaki #bdb76b = 189 183 107
gol denr od #daab20 = 218 165 32
I i ght - gol denr od #eeddB82 = 238 221 130
dar k- gol denr od #b8860b = 184 134 11
gol d #ffd700 = 255 215 O
bei ge #f 5f 5dc = 245 245 220
br own #ab2a2a = 165 42 42
or ange #f fab00 = 255 165 0
dar k- or ange #ff8c00 = 255 140 0
vi ol et #ee82ee = 238 130 238
dar k- vi ol et #9400d3 = 148 0 211
pl um #dda0dd = 221 160 221
purpl e #a020f 0 = 160 32 240

1.3.2 Processing gnm Files

A QuickAnimation file with the file extensiongnmcan be edited in ChIDE with syntgax highlighting,
as shown in Figurg_11.7 for the QuickAnimation fidér cl es. gnm The animation foci rcl es. gnm
can be created by clicking the commaaAdi mat e- >qani mate (Animate a gnmfile) or the
function key F10, as shown in Figre I..7. Figure 1.8 showkathes for the animation.

The QuickAnimation fileci r cl es. gnmcan also be processed by the command

gani mate circles.gnm
where the commandani nat e is available in Ch.

1.3.3 Writing Programs for Quick Animation

A program can be written to generate the standard outputi@thickAnimation format, using the standard
C functions such agrintf() . The standard output can be sent to the QuickAnimation proganimate di-
rectly in ChIDE by clicking the comman@ini mat e- >Qut put t o gani nmat e or the function key F11,

7
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BA circles.qnm - ChIDE - Professional Edition - D|ﬁ

File Edit Search ‘iew Tools Debug | Animate  Cptions  Language  Buffers  Help

InE— = AR A RN cRd Canimate (Animate a gnm file) F10 -|
| Fotart: $oortinue @abort oo EF OUpUE o ganimate F11 =arce P RN BEt)
1 circles.gnm |
ganimate ~| 1  # File: circles.qnm =)
Directories and Files 2 # (1) Run this program in ChIDE by clicking Animate
= 3 # (2) Run this program in a Ch command shell by typi
D circles qrm i # (3) Run this program in a command shell by typing
@ sample.qnm 5 title "This is a Title"
C vibration c b .
t# vibration cpp g nimate :
Ch vibration? ch 8 circle 22 16 pen red fill blue
9 circle 24 16 pen red f£fill blue

C vibration3.c

C vibration pos.c ! Blreim A5 15

1 circle 27 16 pen red fill blue
12 circle 28 16 pen red f£fill blue —

13 circle 30 16 pen red f£ill blue =
1A
4| 3| Kl ;I_I

circles.gnm @ 2011-11-21 - 18:34:50 | Y

pen red fill blue

RMRRNRBNMNRBMNN

Figure 1.7: Executing a QuickAnimation figercles.gnm.

_[lx
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Figure 1.8: The output from executing the QuickAnimatioe dikcles.gnmin Figure[1.7.
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21 smileyfaceanim.c * ChIDE - Professional Edition - D|ﬂ
File Edit Search View Tools Debug | Animate Opfions Language Buffers Help
DB & & BB ¥ | a = | B geimate (Bnlmatz agnm file) Flio | ~|
| Totart $Coriie @b %ESep o EEONusEiRieleE gyt Zparse PPRun Bitop
1line2.ch 2 smileyfaceanim.c # |
qanimate v||] 12 i#include <stdio.h> af
Directories and Files 13 #include <math.h>
Er
©eircles qrm 17 -int main() |
@ sample.qnm 18 double t, t0 = 0.0 , tf = 9;
C smileyface_snapshot.c 4 ; ; .
C smileyfaceanim ¢ :Z_D /* A comment line starting with # */
R 2 printf("# ganimate data for smiley face\n");
Cvibration.cpp Z2 /* The title displaved on the animation */
Ch yibration? oh e printf("title \"Smiley Face\"\n");
C vibration3 c 24 printf("fixture\n") ;
€ vibration_pos ¢ 25 /* The primitives following fixture */
26 printf("circle %f %f %f £ill blue \n", -0.4, 0.4, 0.2);
27 printf("circle %f %f %*f f£ill blue \n", 0.4, 0.4, 0.2);
28 printf("arc %f ¥f %f %f %f ¥f f£ill blue \n",
24 0.0, -0.2, 1.0, 1.0, 179.5 , 180.0}:
30 printf("circle %f %f %f fill yellow \n", 0.0, 0.0, 1.0);
31 printf("animate reverse\n");
o
33 for(t = t0; t<tf; t += 1)
B - {
35 printf(Tarc %f %f %f %f %f %f fill white \n",
35 0.0, -0.2, t*0.1, 1.0, 179.5 , 180.0);
2 }
38 return 0; i
38 1 -
4 4] | »
output to ganimate.
J | ol
Nowy is: Date=2011-12-29 Time=18:21:03 4

Figure 1.9: Executing a program with the standard outpdb(g) sent to QuickAnimation.

as shown in Figurg 1.9 for running the progr&HHOVE/ denps/ gani mat e/ smi | eyf aceani m c.
Figure[1.10 shows a snapshot of the generated animation.
The animation can also be created by typing the followingmamds in a Ch command shell.

sm | eyfaceanimc | gani mate
or

sm | eyfaceanimc > tnpl. gnm
gani mate tnpl. gnm
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I Smiley Face !E
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Figure 1.10: The output from executing the programileyfaceanim.c in Figure[1.9.

1.3.4 Mechanical Drawing Primitives

The mechanical drawing primitives were built into Quickition for ease of creating typical mechanical
components, such as the springs and joints, of a mecharyst@ns. The mechanical drawing primitives
available in QuickAnimation are derived from the generavdng primitives. For example, a link is a

combination of two circles connected by a line. All the aablié mechanical drawing primitives are shown
in Fig.[1.11. These primitives are the primary tools usedfeating animations of mechanical systems.

10
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Joint Point .
Link (X ¥,)

@ " G/)
Ground Pin Spring
- N

(%) &

" of fset

Slider Ground

,»"':angle
st %)
< .

Figure 1.11: Graphical representation of mechanical drgyrimitives

Point and Joint

Thepoi nt primitive is basically circle with a filled-in center. It issually used to emphasize a point on a
mechanical system. The general syntax fpioa nt is

point myy [22y2 ... x,yn] [trace],

wherezyy1 ...z, Yy, Specify the coordinate(s) of the joint($); ace is an optional parameter used to specify
whether the point is to be traced during animation. For exejmp create a point at coordinate (1,3) with a
trace the following command would be required:

point 1 3 trace.

Primitive ] oi nt is very similar topoi nt . It is syntactically the same as tip®i nt primitive, but
is comprised of a circle that is not filled-in. The joint repeats a connection between two links or other
mechanical components.

Link

As previously mentioned, thiei nk primitive is a mechanical component formed by two circlenptives
and a line primitive. This primitive is normally used for ggating animations of mechanical linkages such
as fourbar mechanisms. The general syntax for ak is given by the following:

link z129 2oys [... Znpynl.

The coordinates of the endpoints of the first link is specibgdz,y1) and {-,y2). Addition links may

11
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be attached to the last link by indicating the coordinatethefinks’ other endpoints. A typical example of
creating two links adjoined at a common endpoint would be

link 11 14 44

In this example, the endpoints of the first link are at coaatés (1,1) and (1,4). The second link is then
attached to the first link at (1,4), and its other endpoinb@ated at (4,4). Note that the extra space between
the endpoint coordinates are ignored during executionethickAnimation program. They are present in
the example to help distinguish the endpoints.

Ground

Thegr ound primitive represents a reference area of the animatios.stationary and fixed to its location.
The syntax fogr ound is

ground x1 y1 x2 yo [ Of f set pixeloffset]
[ticks forward | backward]

For optionof f set , pixeloffsat specifies the distance that the ground should be placed awahd x-
and y-coordinates of the ground. Additionally, if thecks option is used, and its valuefi®r war d, then
the ground is specified as going from (y1) to (z2,12). Likewise, the opposite is true if the valuetafcks
is backwar d. The default value for optionhi cks isf or war d. For example,

ground O O 10 O offset 2

will produce agr ound section from x=0 to x=10 and two units below the line, y=0.

Ground Pin

In order to directly connect a mechanical systemyt@und, thegr oundpi n primitive is used to specify
the desired connection. The syntax for this primitive isegibelow as

groundpin xy [ angl e angle]

Coordinate (x,y) is the center point of the ground pin, areldptional argumerdngl e angle describes
the angular offset, in radians, relative to a horizontalitpws In order to create a ground pin at the origin
with a45° rotational offset, the following statement should be dexla

groundpin 0 0 angle 45

Slider

Thesl i der primitive is generated from the rectangle drawing pringtiVt represents a block member of

a mechanical system that is only capable of translationatisment. Similar to the ground pin, the slider

can have an angular displacement that would allow it to lsdém®n a sloped surface. Its syntax is defined
as follow:

slider xy [angl e angle]

12
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As an example, consider a crank-slider mechanism that nesytine slider to slide on a sloped surface,
located at (3,4) that is aboB6° relative to the ground. The slider portion of the mechanism loe created
with the following statement:

slider 3 4 angle 30

Spring

The spring is a typical component of many mechanical systding availability of aspr i ng primitive in
QuickAnimation greatly increases the number of mecharsigstiems that can be modeled and animated. Its
syntax is given as

sSpring i yi x2 Yo,

where coordinatesz(,y1) and -,y2) specifies the endpoints of the spring. To create a spring {gl) to
(3,5), the following should be entered in the QuickAnimatdata file:

spring 11 35

1.4 Examples UsingQuick Animation™

The source code for these examples are distributed alog®it They can be found in the directory
CHHOME/demos/ganimate, such as C:/Ch/demos/ganimataridd¥s and /usr/local/ch/demos/ganimate
in Unix.

1.4.1 Example 1: Data Format

The data file in Figuré_1.12 illustrates how general and mechaprimitives are specified in a Quick-
Animation file. Figurd_1.13 shows the display when this dd&isi processed by the prograganimate.

13



CHAPTER 1. QUICKANIMATION FOR DISPLAY AND ANIMATION OF OBJECTS
1.4. EXAMPLES USINGQUICKANIMATION™

# File: sample.qnm (this is a conment)
title "This is a Title"

fixture
#no fixture

ani mat e

# low level primtives
line 0011522 penred\

line 33414
line 55 12 5 linestyle dashed length 2 pen green linewidth 1
line 5 6 12 6 linestyle dashed length 5 pen green linewidth 1
line 57 12 7 linestyle dotted gap 1 pen red linewidth 2
line 58 12 8 linestyle dotted gap 5 pen red linewidth 2
arc 11 11 4 4 0 270 fill grey90 linewidth 5
arc 12 12 10 11 0 90 13 13 55 0 360 linewidth 2 pen blue
segnent 14 14 15 15 16 16 17 17 pen red
#col or of text cannot be changed in Wndows for now
text 18 5 stringl pen rgb:ffff/ffff/0
text 18 7 "This is a string2" pen red
text 18 9 "This is a string3" \

font -*-lucidatypewiter-nmedi um *-*-%-12-%-%-%-%-%-%-*
circle 22 16 2 \

stopped line 14 17 17 20 text 17.2 20 "center of circle"
rectangle 15 18 1 1 pen red fill grey
rectangle 17 20 2 1 angle 30

# higher linkage prinmtives

joint 18 18

point 19 19

link 20 20 21 21

groundpin 22 22 25 25 angle 30

link 22 22 25 25

polygon 4 10 5 10 6 13 3.5 14 fill green
spring 10 1 15 1

ground 17 1.0 19 2.0

# The traced trajectory shown on the upper |eft
point O 20 trace

point 3 23 trace

point 6 25 trace

point 10 20 trace

Figure 1.12: A sample data filanpl e. gnm

14
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issa Title Em

File Mext Previous G0
<
= o,
C O

This is a string3

This is a string2

stringl

Ve PV

Figure 1.13: The QuickAnimation display based on the samata filesanpl e. gnm

1.4.2 Example 2: Display Positions of Damped Free Vibratios

The QuickAnimation™ data file in Figurd_1.14 can be used to display the vibraticstesy shown in
Figure[1.1. The first line starting with is a comment line. Next, the title of the animation is set. ltke
fixtures are specified. Th first ground pin and joint are lod#@tg(0, 6) by the specification below.

groundpin 0 6 angle 180 joint 0 6

Th second one is located in (4, 6). Th third one is located jr6Y8 Three text strings fopver danped,
critical danped, andunder danped are located next to the ground pins. Because the drawing area
is calculated automatically based on the data for prinstm@hout considering the text string width, the
specification

dot 11 6 pen white
allows the text stringinder danped displayed completely. The specification

rectangle -0.5 -0.818212 1 1 fill red \
spring 0 6 0 0.181788 \

draws the rectangle and spring for the overdamped vibratjstem. The next two continuation lines draw
the rectangle and spring for the critical damped vibratigstean. The last two lines are for the underdamped
vibration system. To display as fixed objects, these pwasticould have been specified in multiple lines
without continuation symbols.

15



CHAPTER 1. QUICKANIMATION FOR DISPLAY AND ANIMATION OF OBJECTS
1.4. EXAMPLES USINGQUICKANIMATION™

# gani mate data for animation of vibration systens
title "Positions of danped free vibration"
fixture

groundpin O 6 angle 180 joint 0 6

text 0.5 6 "overdanped"

groundpin 4 6 angle 180 joint 4 6

text 4.5 6 "critical damped”

groundpin 8 6 angle 180 joint 8 6

text 8.5 6 "underdanped"

dot 11 6 pen white

rectangle -0.5 -0.818212 1 1 fill red \
spring 0 6 0 0.181788 \

rectangle 3.5 -1.049575 1 1 fill green \
spring 4 6 4 -0.049575 \

rectangle 7.5 0.412908 1 1 fill blue \
spring 8 6 8 1.412908

Figure 1.14: Th&QuickAnimation™ file for vibration systems shown in Figure1L.1.

3 H overdamped
critically damped
2 | underdamped
S
2
5 ir
S
]

time (second)

Figure 1.15: Three damped free vibrations.
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/**********************************************************************

* File: vibration.cpp

* Display the positions of danped free vibrations of

* overdanped, critical danped, underdanped systens.

* Note: The details about this danped free vibration can be found in
* an exercise in Chapter 6 Functions in the book

* "C for Engineers and Scientists: An Interpretive Approach”

* by Harry H Cheng, published by McGawHill, 2009,

* | SBN: 0073376051, | SBN-13: 978-0073376059.
**********************************************************************/
#i ncl ude <stdio. h>

#i ncl ude <mat h. h>

#i ncl ude <chpl ot. h>

/+* The initial position of the vibration is 4.
The initial velocity of the vibrationis 0 */
doubl e overdanped(double t) {
return 4. 12+xexp(-1.57+t) - 0.12+xexp(-54.2%t);

}

doubl e critical danped(double t) {
return 4x(1+6+t)*exp(-6*t);
}

doubl e under danped(double t) {
return 4. 06+xexp(-0.5*t)*sin(3+xt+1.4);
}

int main() {
double tO, tf;
int num= 100; /1 nunber of points for plotting
CPl ot plot;

t0 = 0;

tf = 10;

plot.titl e("Danped Free Vibration");

pl ot.l abel (PLOT_AXIS_X, "tine (second)");
pl ot.l abel (PLOT_AXIS Y, "x");
plot.func2D(t0, tf, num overdanped);

pl ot. | egend("overdanped", 0);
plot.func2D(t0, tf, num critical danped);
plot.legend("critically danmped", 1);
plot.func2D(t0, tf, num underdanped);

pl ot. | egend("under danped", 2);
plot.plotting();

return O;

Program 1: Program for creating displacement for dampethtidn shown in Figure 1.15.
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CHAPTER 1. QUICKANIMATION FOR DISPLAY AND ANIMATION OF OBJECTS

1.4. EXAMPLES USINGQUICKANIMATION™

The three categories of the damped free vibrations, ovgrddncritical damped, and underdamped, are

described in Exercises in Chapter 6 Functions in the Hoddr Engineers and Scientists: An Interpretive
Approach (by Harry H. Cheng, published by McGraw-Hill, 2009). Exaeshre given as follows.

1. Overdamped

y1(t) = 4.2e7 157 _ (0.2¢7542 (1.1)

In this case, there is no oscillation. The motion decayszaagproaches zero for large values of time
as shown in Figure 1.15.

. Critically damped.
ya(t) = 4(1 — 3t)e 3" (1.2)

The motion is also nonperiodic for a critically damped syst& he mass will also reach the equilib-
rium position rapidly.

. Underdamped.

y3(t) = 4”5 sin(3t + 7/2). (1.3)

In this case, there is oscillation as shown in Fidure]1.15¢ckis created by Prograim 1. The solution
is an exponentially decreasing harmonic function. Howdwecause it is a damped motion, the body
will eventually approach the equilibrium position for largalues of time.

Figure[1.1 shows the positions for the above three dampedvfbeation using Equations (1.1), (1.2),

and [1.8) when time s 2 seconds. Progrem 2 can be used to creat@ttiécAnimation™ data shown in
Figure[1.14.

The displayed vibration systems in Figurell.1, created pynty the following commands in a Ch

command shell.

position.c | ganimate

position.c > tnpl. gnm
gani mate tnpl. gnm
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CHAPTER 1. QUICKANIMATION FOR DISPLAY AND ANIMATION OF OBJECTS
1.4. EXAMPLES USINGQUICKANIMATION™

/**********************************************************************
File: position.c
Di splay the position when t is 2 seconds for danped free vibration of
overdanped, critical danmped, underdanped systens.
Run this programin Ch as follows:

position.c | qaninate

or

positions.c > tnpl. gnm

gani mate tnpl. gnm
See CHHOVE/ docs/ gani mat e. pdf for detail ed description of this program
Note: The details about this danped free vibration can be found in
an exercise in Chapter 6 Functions in the book
"C for Engineers and Scientists: An Interpretive Approach"
by Harry H. Cheng, published by MG awH I, 2009,
* | SBN: 0073376051, | SBN-13: 978-0073376059.
**********************************************************************/
#i ncl ude <stdio. h>
#i ncl ude <mat h. h>

I T R

/+* The anplitude of the vibration is 4 x/
doubl e overdanped(double t) {

return 4.2+xexp(-1.57xt) - 0.2xexp(-54.2xt);
}

doubl e critical danped(double t) {
return 4x(1-3+t)*exp(-3+t);
}

doubl e under danped(double t) {
return 4xexp(-0.5+t)*sin(3*t+M PI/2);

}
int main() {
double t, tO, tf; /Il time
doubl e y1, y2, y3; /1 displ acenent

doubl e pi nlx
pi n2x
pi n3x

0, pinly=7, // pin 1
pi n2y=7, // pin 2
8, pin3dy=7; // pin 3

no
>

/+ A comment line starting with # */

printf("# ganimate data for positions of vibration systems\n");

/+* The title displayed on the ani mation */

printf("title \"Positions of danped free vibration\"\n");

printf("fixture\n");

/+* The primtives followi ng fixture */

printf("groundpin % 9% angle 180 joint % %\n", pinlx, pinly, pinlx, pinly);
printf("line % % % 9%\n", pinlx, pinly, pinlx, pinly-1);

printf("text % 9% \"overdanped\"\n", pinlx+0.5, pinly);

printf("groundpin % 9% angle 180 joint % %\n", pin2x, pin2y, pin2x, pin2y);
printf("line % % % 9%\n", pin2x, pin2y, pin2x, pin2y-1);

printf("text % % \"critical danped\"\n", pin2x+0.5, pin2y);
printf("groundpin % 9% angle 180 joint % %\n", pin3x, pin3y, pin3x, pin3y);
printf("line % % % 9%\n", pin3x, pin3y, pin3x, pin3y-1);

printf("text % 9% \"underdanped\"\n", pin3x+0.5, pin3y);

printf("dot 11 7 pen white\n"); // to display all text corretly

t =2; /] 2 seconds

yl = overdanped(t);

y2 = critical danped(t);

y3 = underdanped(t);

printf(“rectangle % % % % fill red \\\n",-0.5, y1-1.0, 1.0, 1.0);
printf("spring % % % % % \\\n", pinlx, pinly-1, pinlx, yl);
printf(“rectangle % % 9% % fill green \\\n", pin2x-0.5, y2-1.0, 1.0, 1.0);
printf("spring % % % % 9% \\\n", pin2x, pin2y-1, pin2x, y2);
printf(“rectangle % % % % fill blue \\\n", pin3x-0.5, y3-1.0, 1.0, 1.0);
printf("spring % % % % % \n", pin3x, pin3y-1, pin3x, y3);

return O;

Program 2: Program for creatif@uickg\nimation™ data file in Figuré1.14.



CHAPTER 1. QUICKANIMATION FOR DISPLAY AND ANIMATION OF OBJECTS
1.4. EXAMPLES USINGQUICKANIMATION™

1.4.3 Example 3: Animation of Damped Free Vibrations

One may consider the motion of the above damped free vilorasan elevator approaching a stop. It would
be very uncomfortable to ride if it were underdamped, ang staw to ride if it were overdamped. Critical
damping provides the fastest and smoothest ride. The apimat the motion inQuickAnimation™
can be created by Program 3.

The result of Prograiml 3 is shown in Figlire 1.16. The data setsréating the animation are generated
by the code in dor loop. Figurd 1.1]7 displays a snapshot of the QuickAnimaginimation generated by
the animation data file.
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1.4. EXAMPLES USINGQUICKANIMATION™

[k ko kR kR kR Kk Kk kR KR KRk Kk Kk K KR KRk Kk K R KR KRk Rk K kK K KRk Kk R R Rk K K K
File: vibration.c

Ani mate the danped free vibration of

overdanped, critical danped, underdanped systens.

The output is for animation coordinate data.

(la) Run this programin ChlDE by clicking Animate on the menu bar
(1b) Run this programin Ch as foll ows:

* ok ok k%

vibration.c | ganinate
or

vibration.c > tnpl.gnm

gani mate tnpl. gnm
(2) dick "Go" to view the ani mation
See CHHOME/ docs/ gani mate. pdf for detailed description of this program
Note: The details about this danped free vibration can be found in
an exercise in Chapter 6 Functions in the book
"C for Engineers and Scientists: An Interpretive Approach"
by Harry H Cheng, published by McGaw Hill, 2009,
* | SBN: 0073376051, |SBN-13: 978-0073376059.
e
#include <stdio. h>
#incl ude <mat h. h>

* ok kR kR ok ok k h

/+ The initial position of the vibration is 4.
The initial velocity of the vibration is 0 */
doubl e overdanped(double t) {
return 4.12xexp(-1.57+t) - 0.12xexp(-54.2xt);
}

doubl e critical danped(double t) {
return 4x(1+6xt)*exp(-6+xt);
}

doubl e under danped(doubl e t)
return 4. 06+xexp(-0.5+t)*sin(3*t+1.4);

int main() {

double t, tO, tf; /1 time
doubl e y1, y2, y3; /1 di spl acenent
doubl e pi nlx 0, pinly=7, // pin 1

pi n2x
pi n3x

4, pin2y=7, /] pin 2
8, pin3y=7; // pin 3

/+ A comment line starting with # /

printf("# gani mate data for animation of vibration systens\n");

/+ The title displayed on the animation */

printf("title \"Danped Free Vibration\"\n");

printf("fixture\n");

/+ The primtives following fixture =/

printf("groundpin % % angle 180 joint % 9%\n", pinlx, pinly, pinlx, pinly);
printf("line % % % 9%\n", pinlx, pinly, pinlx, pinly-1);

printf("text % % \"overdanped\"\n", pinlx+0.5, pinly);

printf("groundpin % % angle 180 joint % 9%\n", pin2x, pin2y, pin2x, pin2y);
printf("line % % % 9%\n", pin2x, pin2y, pin2x, pin2y-1);

printf("text % 9% \"critical danmped\"\n", pin2x+0.5, pin2y);
printf("groundpin % % angle 180 joint % 9% \n", pin3x, pin3y, pin3x, pin3y);
printf("line % % % 9%\n", pin3x, pin3y, pin3x, pin3y-1);

printf("text % % \"underdanped\"\n", pin3x+0.5, pin3y);

printf("dot 11 7 pen white\n"); // to display all text corretly
printf("aninate restart\n");

t0 = 0;
tf = 10;
for(t =1t0; t<tf; t += 0.01) {

yl = overdanped(t);
y2 = critical danped(t);
y3 = underdanped(t);

printf("rectangle % % % % fill red \\\n",-0.5, y1-1.0, 1.0, 1.0);
printf("spring % % % 9% \\\n", pinlx, pinly-1, pinlx, yl);
printf("rectangle % % % % fill green \\\n", pin2x-0.5, y2-1.0, 1.0, 1.0);
printf("spring % % % 9% \\\n", pin2x, pin2y-1, pin2x, y2);
printf("rectangle % % 9% % fill blue \\\n", pin3x-0.5, y3-1.0, 1.0, 1.0);
printf("spring % % % % \n", pin3x, pin3y-1, pin3x, y3);

return 0;

Program 3: Program to create the animation for damped flwatidons.
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# ganimate data for aninmation of vibration systens

title "Positions of danped free vibration"

fixture

groundpin O 6 angle 180 joint 0 6

text 0.5 6 "overdanped"

groundpin 4 6 angle 180 joint 4 6

text 4.5 6 "critical danped"

groundpin 8 6 angle 180 joint 8 6

text 8.5 6 "underdanped"

dot 11 6 pen white

rectangl e -0.500000 -0.818212 1.000000 1.000000 fill red \
spring 0 6 0 0.181788 \

rectangl e 3.500000 -1.049575 1. 000000 1.000000 fill green \
spring 4 6 4 -0.049575 \

rectangl e 7.500000 0.412908 1.000000 1.000000 fill blue \
spring 8 6 8 1.412908

rectangl e -0.500000 -0.999999 1.000000 1.000000 fill red \
spring 0.000000 6. 000000 0.000000 0. 000001 \

rectangl e 3.500000 -1.000000 1.000000 1.000000 fill green \
spring 4.000000 6. 000000 4.000000 -0.000000 \

rectangl e 7.500000 -0.995843 1. 000000 1.000000 fill blue \
spring 8.000000 6. 000000 8.000000 0.004157

Figure 1.16: Th&uickAnimation™ data generated by Progréin 3.

Hl Damped Free Vibration =1al %]

File Mext Previous All Go Stop Fast  Slow

overdamped critical damped ] underdamped

Figure 1.17: QuickAnimation window showing a snapshot ohgad free vibrations.
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Two additional program for animation of the damped free afilon using QuickAnimation animation
are given below. They generate the same animation as thiaé girbgramvi br ati on. ¢ shown in Pro-
gram3. but with special handling of the animation data. Rnowyi br at i on2. ch outputs the animation
coordinate data to a temporary data file first. The animatata €ile is then processed by the command
ganimate. After QuickAnimation™ is exited, the temporary animation data file is removed. imdhse,
the progranvi br ati on2. ch can readily run in ChIDE to create animation.

Programvi br ati on3. ¢ will also produce animation. The animation data are pipedctly to the
QuickAnimation progranganimate using the functiorpopen() to automatically generate the animation.
The commandjanimate is not invoked as a command inside a Ch program. Executidmegptogram will
simply generate the desired animation.

Listing of program vi br ati on2. ch

/**********************************************************************
File: vibration2.ch

Ani mat e the danped free vibration of

overdanped, critical damped, underdanped systens.

The output is for aninmation coordinate data

(1) Run this programin Ch.

(2) dick "G" to view the ani mation

See CHHOVE/ docs/ gani mat e. pdf for detail ed description of this program
Note: The details about this danped free vibration can be found in

an exercise in Chapter 6 Functions in the book

"C for Engineers and Scientists: An Interpretive Approach"

by Harry H. Cheng, published by MG awH I, 2009,

* | SBN: 0073376051, |SBN-13: 978-0073376059
**********************************************************************/
#i ncl ude <stdio. h>

#i ncl ude <math. h>

£k kR k% k% ok Ok 3k

/+* The initial position of the vibrationis 4
The initial velocity of the vibrationis 0 %/
doubl e overdanped(double t) {
return 4. 12+xexp(-1.57xt) - 0.12+exp(-54.2+t)
}

doubl e critical danped(double t) {
return 4x(1+6+t)*exp(-6*t);
}

doubl e under danped(double t) {
return 4. 06+xexp(-0.5*t)*sin(3+xt+1.4);

}
int main() {
double t, tO, tf; Il time
doubl e y1, y2, y3; /1 displ acenent

doubl e pi nlx 0, pinly=7, // pin 1

pi n2x = 4, pin2y=7, // pin 2
pin3x = 8, pin3y=7; // pin 3
FI LE *stream
char gnnFil eNane[ 1024] ; /1 data file nane for qgani mate

t npnam( gnnfi | eNane)

stream = fopen(gnnFi | eNane, "w')

if (streame=NULL) {
fprintf(stderr, "Error: cannot open '%’'\n", qnnFil eNane)
exit(1l);

/+* The first line of the animation file nust start w th #ganimte */
fprintf(stream "# ganinmate data for animation of vibration systenms\n");
/+* The title displayed on the ani mation */

fprintf(stream "title \"Danped Free Vibration\"\n")
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fprintf(stream "fixture\n");

/+* The primtives followi ng fixture */

fprintf(stream "groundpin % % angle 180 joint % %\n", pinlx, pinly, pinlx, pinly);
fprintf(stream "“line % % % %\n", pinlx, pinly, pinlx, pinly-1);

fprintf(stream "text % 9% \"overdanped\"\n", pinlx+0.5, pinly);

fprintf(stream "groundpin % % angle 180 joint % 9% \n", pin2x, pin2y, pin2x, pin2y);
fprintf(stream "line % % % %\n", pin2x, pin2y, pin2x, pin2y-1);

fprintf(stream "text % 9% \"critical danped\"\n", pin2x+0.5, pin2y);

fprintf(stream "groundpin % % angle 180 joint % 9%\n", pin3x, pin3y, pin3x, pin3y);
fprintf(stream "line % % % %\n", pin3x, pin3y, pin3x, pin3y-1);

fprintf(stream "text % 9% \"underdanped\"\n", pin3x+0.5, pin3y);

fprintf(stream "dot 11 7 pen white\n"); // to display all text corretly
fprintf(stream "animate restart\n");

t0 = 0;

tf = 10;

for(t =1t0; t<tf; t += 0.01) {
yl = overdanped(t);
y2 = critical danped(t);
y3 = underdanped(t);
fprintf(stream "rectangle % % % % fill red \\\n",-0.5, y1-1.0, 1.0, 1.0);
fprintf(stream "spring % % % 9% \\\n", pinlx, pinly-1, pinlx, yl);
fprintf(stream "rectangle % % 9% 9% fill green \\\n", pin2x-0.5, y2-1.0, 1.0, 1.0);
fprintf(stream "spring % % % 9% \\\n", pin2x, pin2y-1, pin2x, y2);
fprintf(stream “"rectangle % % % 9% fill blue \\\n", pin3x-0.5, y3-1.0, 1.0, 1.0);
fprintf(stream "spring % % % % \n", pin3x, pin3y-1, pin3x, y3);

}

fcl ose(stream;

gani mat e $qgnnFi | eNanme
remove( gnnFi | eNane) ;
return O;

}

Listing of program vi brati on3. c

/**********************************************************************
File: vibration3.c

Ani mate the danped free vi bration of

overdanped, critical danmped, underdanped systens.

The output is for ani mation coordinate data.

(1) Run this programin Ch.

(2) dick "G" to view the ani mation

See CHHOVE/ docs/ gani mat e. pdf for detail ed description of this program
Note: The details about this danped free vibration can be found in
an exercise in Chapter 6 Functions in the book

"C for Engineers and Scientists: An Interpretive Approach"

by Harry H. Cheng, published by McGrawHiIl, 2009,

* | SBN: 0073376051, | SBN-13: 978-0073376059.
**********************************************************************/
#i ncl ude <stdio. h>

#i ncl ude <mat h. h>

L T I R

/+* The initial position of the vibration is 4.
The initial velocity of the vibrationis 0 */
doubl e overdanped(double t) {
return 4. 12+xexp(-1.57*t) - 0.12+xexp(-54.2%t);
}

doubl e critical danped(double t) {
return 4x(1+6+t)*exp(-6+t);
}

doubl e under danped(double t) {
return 4. 06+xexp(-0.5*t)*sin(3+xt+1.4);
}

int main() {
double t, tO, tf; /Il tinme
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doubl e y1, y2, y3; /1 displ acenment
doubl e pi nlx 0, pinly=7, // pin 1

pi n2x = 4, pin2y=7, // pin 2
pin3x = 8, pin3y=7; // pin 3
FILE *stream
stream = popen("qani mate","w'); /1 open qani mate pipe

if (streame=NULL) {
fprintf(stderr, "Error: popen() failed\n");
exit(1l);

/+ A comment line starting with # */

fprintf(stream "# ganinate data for animation of vibration systens\n");

/+ The title displayed on the ani mation */

fprintf(stream "title \"Danped Free Vibration\"\n");

fprintf(stream "fixture\n");

/+* The primtives followi ng fixture */

fprintf(stream "groundpin % % angle 180 joint % %\n", pinlx, pinly, pinlx, pinly);
fprintf(stream "line % % % %\n", pinlx, pinly, pinlx, pinly-1);

fprintf(stream "text % 9% \"overdanped\"\n", pinlx+0.5, pinly);

fprintf(stream "groundpin % % angle 180 joint % 9% \n", pin2x, pin2y, pin2x, pin2y);
fprintf(stream "line % % % %\n", pin2x, pin2y, pin2x, pin2y-1);

fprintf(stream "text % 9% \"critical danmped\"\n", pin2x+0.5, pin2y);

fprintf(stream "groundpin % % angle 180 joint % 9% \n", pin3x, pin3y, pin3x, pin3y);
fprintf(stream "line % % % 9%\n", pin3x, pin3y, pin3x, pin3y-1);

fprintf(stream "text % 9% \"underdanped\"\n", pin3x+0.5, pin3y);

fprintf(stream "dot 11 7 pen white\n"); // to display all text corretly
fprintf(stream "animate restart\n");

t0; t<tf; t += 0.01) {

= overdanped(t);
y2 = critical danped(t);
y3 = underdanped(t);
fprintf(stream "rectangle % % % % fill red \\\n",-0.5, y1-1.0, 1.0, 1.0);
fprintf(stream "spring % % % % \\\n", pinlx, pinly-1, pinlx, yl);
fprintf(stream "rectangle % % 9% 9% fill green \\\n", pin2x-0.5, y2-1.0, 1.0, 1.0);
fprintf(stream "spring % % % 9% \\\n", pin2x, pin2y-1, pin2x, y2);
fprintf(stream “"rectangle % % % 9% fill blue \\\n", pin3x-0.5, y3-1.0, 1.0, 1.0);
fprintf(stream "spring % % % % \n", pin3x, pin3y-1, pin3x, y3);

pcl ose(stream;
return O;
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Chapter 2

Web-Based Display and Animation of
Objects

The QuickAnimation™ program can be conveniently used to develop Web-basedgisght of objects
and animation.

2.0.4 Writing CGI Script Files

Processing data sent from an HTML document with4<R&©RM> tag requires a script file, which is located
on the server side. Once data are passed to the server thHtamgimon Gateway Interface (CGI) or mech-
anisms, the necessary procedures are performed and thieigesturned to the client. Details about CGI
in Ch can be irCh CGI Toolkit User’s Guide. To useQuickAnimation™ | the content type of the output
form a CGl script need to be specified by the statement

Response. set Cont ent Type("applicati on/ x-gnnt');
which indicates that the output iSQuick Animation™ application.

2.0.5 Configuration and Setup of Web Servers
In order to run th&uick Animation™ application from a Netscape Web server in a Unix operatistesy,
the following line has to be added to the Netscape WWW serwefiguration filemime.typeslocated in
directoryser ver hone di r/ https-80.0r _http/config.

type=appl i cation/ x-gnm ext s=gnm
For the Apache Web server, the line

appl i cation/ x-gnm gnm

may be added to filser ver _home_di r/ conf/ m ne. t ypes. Note that the Web server needs to restart
in order for the changes to be effective.
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