Basic | DL Physics 6 Fal | 2004
So, what is IDL? What can it do for ne?

IDL is a scientific progranmm ng/graphics package. "Scientific
graphi cs package" neans that its purpose in life is to turn your dul
prograns that generate reans of data about sone systeminto prograns
that not only generate reans of data, but also generate
exciting-1ooking, informative and illum nating visualizations.

Getting Started
Install |DL

If you will be installing IDL on your dorm conputer or a | aptop,
obtain an appropriate CD and instructions from Prof essor Bocci o.
IDL will run under Mac OSX 10.3 or greater, Wndows XP or Redhat
Li nux.

Initial Setup

Decide on an IDL working folder. For exanple, suppose we choose the
fol der /Users/bocci o/ Docunents/idl as our |IDL working fol der.

(1) Create a text file containing these |ines

cd, '/ Users/bocci o/ Docunents/i dl
DEVI CE, deconposed=0, retain=2

and save it as the file setup.pro in your working fol der.

(2) START |IDL
In I DL select Preferences under the File nenu.

(3) dick STARTUP
Click SELECT WORKI NG DI RECTORY and browse and sel ect your working

f ol der
Click SELECT STARTUP FILE and browse and select the file
setup. pro
(4) dick PATHS
Click I NSERT and browse and sel ect your working folder
Click the box in the wi ndow next to the listing of your working
f ol

der (check mark shoul d appear)

(5) dick APPLY
Click SAVE
Cick &K
Restart | DL

Using the I DL Command Line
These notes are nmeant to be a hands-on. You should read themsitting
in front of a conputer and you should be typi ng commands and seei ng

what happens as you read. So here is what you need to know to get
start ed.
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In addition to being a conplete programm ng | anguage, IDL is an
interactive conpiler, enabling users to quickly perform conpl ex tasks
by entering a few conmmands on a command-line. A |lot can be |earned
fromtyping IDL commands at the command line. In particular, you
learn to figure things out, to try things, to experinent with your
data. This is called "learning by fooling around". | think it is one
of the best ways to | earn and use |DL.

So | et us nake a quick pass through IDL using the COVMAND LI NE.
Anat oy of an | DL Command
This command prints the integer 15, the result of 3 nmultiplied by 5.

| DL> print, 3*5
15

The word print in the conmand above is the nanme of the I DL command or
program It nust be spelled out inits entirety - no shortcuts! It is
not case-sensitive

A command is always followed by a corma. The argunents or vari abl es
to be used by the command cone next.

In the exanpl e above 3*5 (3 nultiplied by 5) is the variable. Besides
vari abl es, we can add keywords which nodify the operation of the
command (nore about keywords |ater).

Vari abl es can be dynam cally created in IDL. This conmand assi gns an
integer with the value of 3*5 to the variable a .

| DL> a=3*5

The HELP routine confirnms that a is a single(scalar) integer
variable with the val ue 15.

| DL> hel p, a
A | NT = 15

Hel p with I DL Commands

| DL cones with an extensive on-line help system which is accessed by
sinply typing a question nmark at the IDL conmand pronpt or sel ecting
fromthe Hel p nmenu. Type:

| DL> ?

You will be creating nany variables in these classes. It will help if
you know a little about them before you get started. Variabl e nanes
must start with a letter. They can include other letters, digits,
underscore characters, and dollar signs. A variable nane may have up
to 255 characters. They are not case-sensitive. Here are sone valid
vari abl e names:

imge2 or this_inage

As with nmost |anguages, |DL has several types of variables. They are

t
isted in the tabl e bel ow
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Type Range Bytes To Define To Convert

byte 0 to 255 1 b=15B b=byte(x)

integer -32768 to +32767 2 i=15 i=fix(x)

long -2147483648 to +2147483647 |4 j=long(15) j=long(x)
j=147483647

floating point +1038 | 7 significant figures 4 y=1.7 y=float(x)

double precision [ +10308 | 14 significant figures |8 y=1.7d0 d=double(x)

complex two floating point numbers 8 z=complex(1.2,0.3) | z=complex(x)

string used for text 0-32767 | s='blah’ s=string(x)

We note the follow ng definitions:
bit =0or 1
byte = 8 bits

00000001 = 1
00000011 = 3
00000111 = 7
00001111 = 15
00011111 = 31
00111111 = 63
01111111 = 127
11111111 = 255 = 2°-1

Therefore a 1-byte integer can take on values fromO to 255 (byte
vari abl e above).

A 2-byte integer can take on values from 0(00000000 00000000) to

255*255 (11111111 11111111) = 65535 = 2 -1 (integer variabl e above).
Note that the default type of integer is only a 2-byte integer. I|f
you want a long integer you have to renmenber to ask for it (we wll
see how | ater).

IDL is a dynami cally typed | anguage. That neans that you don't have
to define your variables or say which variable is which type at the
start of your program You can say gak=37.5d0 at any point in your
program and a doubl e precision variable called gak will spring into
exi stence and take on the value 37.5 . If you had a variable of a
different type called gak at sone earlier point in your program it
wi || vani sh when you create the double precision variable with the
same nane.

Now redefine the variable a to be the square root of its previous
val ue and display informati on about a . The anpersand (& character
is used to separate nultiple statenents on the sane line. Notice that
the variable a has becone a floating-point variable after execution
of the sqrt conmmand.
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| DL> a=sqrt(a) & help,a
A FLOAT = 3. 87298

This means that variable type is dynamic in IDL. So be careful!

Li ne Conti nuati on Characters

The line continuation character in IDL is the dollar sign, $ . It
indicates that the I1DL command is continued on the next conmand |ine.
This will be useful in IDL programring |ater, but is not very active

when using the conmand i ne.
Creating Vectors

You can create a vector or an array (a vector is just a
1-di mensi onal array) variable at the IDL command |ine by encl osing
t he vector values in square brackets, like this:

| DL> vector = [1, 2, 3]

This is an integer vector because the data val ues are integer val ues.
Use the Hel p command to | earn about this new vari abl e.

| DL> Hel p, vector
VECTOR | NT = Array[ 3]

The variable vector is a three-el enent one-di nensi onal array.

If you want to add a fourth elenent to this vector, this is easily
done in IDL. Just type this, for exanple:

| DL> vector = [vector, 4]
| DL> Print, vector
1 2 3 4

Now nmake a 6-el enment vector containing the integers 1 through 6.
IDL> a=[ 1, 2, 3,4, 5, 6]

Al'l IDL operators and functions work on both scalar and array data
types with no change in notation

| DL> print, a, 2*a
1 2 3 4 5 6
2 4 6 8 10 12

Take the square root of each elenent of array a and put those
values into variable Db

| DL> b=sqrt(a)

Entering the HELP command shows that both a and b are
1-di nensi onal arrays with dinension of 6. The elenents of a are
integers while the elenents of b are floating-point val ues.

| DL> hel p,a, b
A | NT
B FLOAT

Array(6)
Array(6)
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Display the 6 floating-point elenents in the array b .

I|DL> print,b
1. 00000 1.41421 1. 73205 2. 00000 2.23607
2. 44949

These exanples make it clear that by using arrays of nunbers in a
programwe will be able to speed up operations by acting on all array
el ements at once.

Usi ng Array Subscripts

| f you want to add anot her el enent between the second and third

el enents in the array, then you use array subscripting. Array
subscripts have their | ower and upper bound separated by a col on. For
exanpl e, you specify the first three elenments of the vector above by:

| DL> print, vector(0:2)
1 2 3

Notice that vector(or array) subscripts start at 0 and not at 1.
Notice al so that vector subscripts use parentheses to distinguish

t hensel ves. This will makes it difficult sometinmes to distinguish a
call to a function conmand (di scussed shortly) froma subscripted
array. To help with this problem IDL also allows you to wite array
subscripts with square brackets. In other words, if you are running
I DL you can type this:

| DL> print, vector[O0: 2]
1 2 3

To use array subscripting to put another el enent between the second
and third elenents of the vector, you can do this:

| DL> vector = [vector(0:1), 5, vector(2:3)]
| DL> Print, vector
1 2 5 3 4

As earlier stated, IDL is a programm ng | anguage that excels at
working with vector or array data, so there are a nunber of built-in
| DL conmands for creating vectors and arrays of the different data
types. In particular, there are functions for creating arrays of the
proper data type in which each elenent is initialized to zero, and
there are functions for creating arrays of the proper data type in
whi ch each elenent is initialized to its own index in the array.

For exanple, to create a 100x100 float array (2-dinmensional array) of
zeros, you can type this:

| DL> array = fltarr(2100, 100)

To create a vector of 100 floating point values ranging in value from
0 to 99, you can type this:

| DL> vector = findgen(100)
W will also use indgen(nun), which generates a vector of integers.
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A wide variety of vectors can be created using these array creation
routi nes. For exanple, to create a 6-el enent floating-point vector
wi th values ranging fromO to 50, you can type this:

| DL> vector = findgen(6) * 10
| DL> Print, vector

0. 000000 10. 0000 20. 0000 30. 0000 40. 0000 50. 0000

Now define a as an array(vector) of 100 fl oating-point
el ement s.

| DL> a=fltarr(100)

Initially, the array elenents are all set to zero.

The FOR | oop bel ow stores in each elenment of a the value of its
subscript. For exanple, the value of a(0)=0 and the val ue of
a(40) =40.

| DL> for 1=0,99 do a(i)=i

Note that the command |ine structure of for |oops has a speci al
format which is different than the format used later in IDL prograns.

Renmenber | DL subscripts begin at 0 and go to one | ess than the nunber
of elenments. Command |ine | oops cannot be continued to a second |ine
as wll be possible in prograns.

The FOR | oop above works as fol |l ows:

enter | oop

set i =0 then a(0) =0
set i =1 then a(l) =1
set i =2 then a(2) =2
set i =99 then a(99) = 99
exit | oop

This command prints the first and [ ast of our 100-el enent
array.

| DL> print,a(0),a(99)
0. 00000 99. 0000

Subarrays can be specified by using subscript ranges. This
command prints the values of a(10) through a(19), which, r is
really the 11th through 20th el enents.

| DL> print,a(10:19)

10. 0000 11. 0000 12. 0000 13. 0000 14. 0000
15. 0000 16. 0000 17. 0000 18. 0000 19. 0000
Creating Arrays
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Smal | arrays can also be created directly fromthe IDL command |i ne.
For exanple, we can create a 3 colum and 2 row array |ike this:

IDL> array = [ [1, 2, 3], [4, 5, 6] ]
| DL> Print, array

1 2 3

4 5 6

Notice that this is an identical operation to first creating a vector
and then reformatting that vector into a 3 colum by 2 row array with
t he Reform conmmand, |ike this:

| DL> vector = IndGen(6) + 1
| DL> array = Reform(vector, 3, 2)
| DL> print,vector

1 2 3 4 5 6
| DL> print,array

1 2 3

4 5 6

Reformis a built-in IDL function which reforns (reshapes) |DL
vari abl es into new shapes (3,2) = (columms,rows).

What this also tells you is that vectors and arrays are stored in |IDL
inroworder, i.e., fill first row, then second row and so on. This
beconmes i nportant when you are witing |IDL prograns because you w | |
often want to take advantage of the way data is stored in |DL.
Extracting Vectors and Subarrays

I DL al so makes it easy to extract vectors and subarrays fromwthin
arrays. For exanple, consider this 10x20 array filled with randomy
generated data in the interval (0,1):

| DL> data = Randonu(seed, 10, 20)

To pull out the colums 6-10 and rows 12-15, you can type this:

| DL> subarray = data(5:9, 11:14)
| DL> print, subarray

0. 168011 0. 848252 0. 539318 0. 236219 0. 254671
0. 869349 0. 599377 0. 185227 0. 761207 0. 580923
0. 364475 0. 0525108 0. 538724 0. 731956 0. 847045
0. 0842568 0. 842200 0. 821506 0. 898021 0.488177

To create a vector of the 14th row, you can type:

| DL> vector = data(*, 13)

The * synbol neans ALL when used in subscripting.

To create an array of the last 5 colums of the data, type:
| DL> subarray = data(5:9, *)

| DL> Hel p, subarray

SUBARRAY FLOAT = Array[5, 20]
You see that the subarray is now a 5 colunmm by 20 row array. You can,
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of course, also use the synbol * to nean "all the rest” of the data.
For exanple, to create the subarray with the last 5 colums of the
data, you can also type this:

| DL> subarray = data(5:*, *)

| DL> Hel p, subarray
SUBARRAY FLOAT = Array[5, 20]

Creating G aphics W ndows

A graphics window is created with the Wndow command. For exanpl e,
you can create and open a wi ndow by typing this:

| DL> W ndow, 10

Notice that the title bar of this wndow has a 10 init. This is this
wi ndow s graphi cs wi ndow i ndex nunber. Each graphi cs wi ndow has an
uni que graphi cs w ndow i ndex nunber associated with it when the

wi ndow i s created.

Positioning and Sizing G aphics Wndows

W ndows are positioned and sized according to an internal algorithm
when they are created. You can position and size w ndows when you
create themw th keywords to the Wndow command. For exanple, to
create a window that is 200 pixels wi de and 300 pixels high, use the
XSi ze and YSi ze keywords, like this:

| DL> W ndow, 1, XSize=200, YSize=300

W ndows are positioned on the display with respect to the upper left-
hand corner of the display in pixel or device coordinates. To
position a window with its upper |efthand corner at |ocation (75, 150)
on the display, use the XPos and YPos keywords, |ike this:

| DL> W ndow, 2, XSi ze=200, YSi ze=300, XPos=75, YPos=150 ; Wiere is (0,0)?
Putting a Title on a G aphics Wndow

Someti mes you would |ike your graphics wi ndow to have a nore
descriptive title than just its graphics wi ndow i ndex nunber. You can
use the Title keyword to put a title on the window, |ike this:

| DL> Wndow, 3, Title="Exanple IDL G aphics Commands'

Erasi ng a G aphics W ndow

To erase the contents of a graphics w ndow, you can use the Erase
command, |ike this:

| DL> Erase
FI ow Contr ol
| DL has nost of the constructs that you woul d expect for arranging

| oops, conditions, etc. We will use these structures shortly in
progranmmi ng.
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The | F st at enment

This is used when you want to do one thing if a condition is true and
sonet hing el se ot herw se.

The first case is to do sonething if condition is TRUE or continue on
if condition is FALSE

if condition then begin
st at enent

The second case is to do sonmething #1 (if condition is TRUE) or
sonething #2 if condition is FALSE.

if condition then begin
st at enent
endif'éiéé'begin
st at enent

endel se

The "condition” is a statenent that uses rel ational and/or bool ean
operators. Here is a table of relational and bool ean operators which
you can use in the "condition" of an if statenent.

Purpose IDL C FORTRAN
Relational Operators

Equal to e == EQ.
Not equal to ne I= .NE
Less than or equal to le <= LE.
Less than It < LT.
Greater than or equal to | ge >= GE.
Greater than gt > GT.
Boolean Operators

And and & & AND
Not not ! NOT.
Or or [ OR.
Exclusive OR xor

Sone exanples of "conditions" are:

(A LT 0.0) and ((A EQ B) AND (B LT 0.0))
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Here is an exanple of an |IF statenent:

if (AGI 2.0) then begin
A=A+1.0

endi f el se begin
A=A-1.0

endel se

What happens if A =3.0? If A=2.0?1f A= 107

The FOR | oop

| f you have a statenent or statenments that you want to repeat a
nunber of tinmes, you can use the FOR statenment to do so. It | ooks
like this:

for j=start_val,stop_val,increnment do begin

st at enent
endfor
The variable j will begin at start_val and the statenents will be
execut ed over and over again, with increment being added to variable
j each tinme, until variable j reaches stop_val. If you | eave out

increnent, then it has a default val ue of 1.
Here is an exanple of a FOR | oop:
for j=1,100 do begin
print,j,j"2
endf or

In this case, j begins with 1 and increnents by 1 until j reaches
100. The result woul d be:

11

T AWN
oA

100 10000
The WHI LE | oop

| f you need a | oop for which you don't know in advance how nany
iterations there will be, you can use the "while" statenent.

It works like this:

whil e condition do begin

st at enent
endwhile
W will see exanples of the statenents in prograns |ater in the
not es.
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Programm ng in | DL

Any text editor can be used to prepare prograns or functions of nore
than a few |lines.

The GQUI front-end for IDL includes a built-in text editor for your
conveni ence. W recommend BBEdit on MacOSX.

Files containing IDL prograns, procedures, and functions are assuned
to have the extension nane .pro.

Once the program has been entered into a file fromsone text editor,
we run I DL and conpile one or nore programfiles using the . RNEW
command (or using the COWPILE/ RUN entries in the nenus).

W will work our way through sone functions and progranms in these
not es di scussi ng new comrands as the appear.

You should enter the code into text files and save the files and run
themin IDL as we proceed through the notes.

Function and Program Fil es
Here is a sanple function:

function stepvect, m n, max, step

;this function generates a vector of val ues
frommn to max in increnents of step.

n=f| oor (((max-m n)/ st ep) +1. 0)

;n = nunber of values between mn and max
;(including mn and max) to return
return, m n+i ndgen(n)*step

end

The function structure is:

definition line: function function_nane, argunents
body of function: I|IDL conmmands

return statenent: returned value of function

end st at ement

saved in a file nanmed function_nane. pro

AUNTNNNAN
OB WN
N N N N N

The function stepvect returns a vector of values frommn to max
Wi th stepsize step .

Create a text file nanmed stepvect.pro and use it as bel ow.
It is used via the IDL comuand:

| DL> xx=stepvect(1.0,5.0,0.2)
| DL> print, xx

A function is a self-contained code unit that returns a val ue and can
t hus be used inside other expressions, i.e.,

| DL> yy=sqrt(stepvect(1.0,5.0,0.2))
| DL> print,yy
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Pr ogr ans

An I DL programis a self-contained code unit with a uni que nanme that
is called by other code units to performa set of conmands. The
calling code unit and the procedure conmunicate via argunents passed
bet ween t hem

rogram structure is:

(1) definition line: pro program name, argunents
(2) body of function: IDL comuands

(3) end statenent

(4) saved in a file named program nane. pro

A First Programand a First Pl ot

Now that we know a little bit about IDL, let's make a plot with it.
Suppose that we have several points (each of which has horizontal and
a vertical co-ordinate) and that we want to plot themon a graph. W
will be traditional and call the horizontal co-ordinates x and the
vertical co-ordinates y. W can enter the data into IDL |ike this.

| DL> X
| DL> vy

[1, 2, 4, 5 6.7, 7, 8, 10]
[40, 30, 10, 20, 53, 20, 10, 5]

We now have two array variables called x and y, each
cont ai ni ng ei ght nunbers. To nmake a plot of x against y, we
can just type this:

| DL> plot, X,y
and there it is.
Note that a window with default size and | ocation is used.

It is a bit plain, but we have visualised our data. No one el se,
however, is going to know what it neans unless we | abel the axes,
like this:

IDL> plot,x,y,title="Should He Resign? , 6 xtitle="Weks', $
ytitle="Popularity’

(do not use the $ synbol on the conmand |ine)

We suppose that the data is the popularity ratings of a politician as
determ ned by a polling organization. Notice that there are two
different ways in which we have provided instructions to the "plot"
routine. The data, x and y, are provided as positional paraneters,
that is, the order they cone in natters. Here, the first paraneter is
t he hori zontal coordinates of our data, the second is the vertica
coordi nates. Optional things |ike the | abels are passed as keyword
paranmeters. You can supply themin any order you |ike. The possible
positional parameters and possi ble keywords are defined in the HELP
system (accessed with ?)

Now | et's suppose that our politician's popularity is being neasured
by two polling organizations. W put both sets of neasurenents on the
sane plot by using the plot cormand for the first set and the opl ot
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(overplot) command for the second.

IDL> y2 = [30, 28, 8, 19, 50, 22, 12, 6]
| DL> opl ot, x,y2,linestyl e=2

Not e how we use the |linestyle keyword to nake the second
line different fromthe first.

This is getting to the stage where it mght be tedious to
re-type everything to correct a mstake we made earlier. W
can avoid this by putting a list of IDL commands into a
file to nake a program As an exanple, use your favorite
text editor to create a file called clinton.pro, put the
following lines (just the lines we entered above) in it and
save it:

pro clinton

;Here are the data

; horizontal coordinates

x =11, 2, 4, 5 6.7, 7, 8, 10]

; vertical coordinates (1lst set)

y = [40, 30, 10, 20, 53, 20, 10, 5]

; vertical coordinates (2nd set)

y2 = [30, 28, 8, 19, 50, 22, 12, 6]

;make a plot of the first set of data

plot,x,y,title="Should He Resign?' ,h xtitle="weeks', $
ytitle="Popularity', psym=-2

; Note how we use $ in the above command to

;continue onto the next |ine

; psym chooses a synbol type

;negative sign tell IDL to connect synbols with |ines

: Add the second set to the plot

opl ot, x,y2,linestyl e=2, psynm=6

;end of the program- don't forget this!

end

Note that the semicolon is used to indicate a coment - |DL ignores
everything on a line after the first sem colon. To conpile and run
the program type

| DL> . rnew clinton

| DL> clinton

It is inportant that the file name ends in ".pro" or IDL may not find
it. The file also has to be in the IDL working directory as specified
in the setup

That's it .... we have created our first program

Savi ng Your G aph

It's great to have plots on the screen, but you will often need to
get them on paper to include in reports etc. On the Maci ntosh under

OSX there exists a "screen capture” program Wth the graphics
wi ndow at the front, enter the follow ng comand
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shift-e6-4

This bring a cursor onto the screen (big *+ sign). Mve the cursor to
t he upper left corner of the plot and click and drag to | ower right
corner and unclick. The graphics windowis now saved in a file on the
DESKTOP.

Pr ogr am Exanpl es
Enter and run all of these prograns. Try various paraneters.

(1) Programto print "Hello Wrld" n tines. The nunber of tinmes nis
an argunment of the program

pro prog_01,n
; note use of argunent of the function
for j =0, n-1 do begin
print, Hello World
endf or
end

(2) Programto generate a vector of |ength n whose el enents are
random y distributed about 5.0 with a spread of 0.5 and then
conput e the average and standard deviation of the set of nunbers.
Not e how the print statenents contain strings to nake the out put
easi er to understand.

pro prog_02,n

x=5. 0+0. 5*randonu( seed, n)

suml=0.0

sun2=0. 0

for j =0, n-1 do begin
suml=sunil+x(j)
sun2=sun+x(j ) "2

endf or

xav=suni/n

x2av=sun®/ n

sd=sqrt ((x2av-xav”2)/(n-1))

print,'average = : ', xav
print,'standard deviation = : ',sd
end

(3) Version of program (2) that uses the powerful IDL function TOTAL
to elimnate the FOR | oop

pro prog _03,n

n=long(n) ; nust define n as a LONG i nteger or n < 32567 only
x=5. 0+0. 5*r andonu( seed, n)

xav=total (x)/n

x2av=total (x*x)/n

sd=sqrt ((x2av-xav”2)/(n-1))

print,'average = : ', xav
print,'standard deviation = : ',sd
end

Conpare prograns (2) and (3) for n=10000, 100000, 1000000 and see the
dramatic effect of elimnating the FOR | oop.
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(4) Programto cal culate an approximation for the factorial function
f(n)=nl=1*2*3*...*n for large n.

pro prog 04, n

; Comput es n!

;(only works up to n = 142)

n = doubl e(n)

nfact = sqgrt (2. 0D*n*!pi)*n*n*exp(-n)*(1+1.0/(12. 0*n)+1. 0/ (288.0*n"2))
print, 'The factorial of your nunber is:', nfact

end

(5) Programto take a nunber entered at the keyboard (radius of a
sphere), calculate the volune and print it out.

pro prog_ 05
rad=fltarr(1)
print," Enter nunber:
READ, rad

vol =(4.0*!pi/3.0)*rad”3
print,' The sphere volune is
end

, vol

(6) Programto take three nunbers entered as a,b,c which are the
coefficients in a quadratic equation and conpute the roots. Note
use of conpl ex nunbers.

pro prog 06, a, b, c

det =b”"2. 0-4*a*c

if (det ge 0) then begin
sol 1=(sqrt(det)-b)/ (2. 0*a)
sol 2=(-b-sqgrt(det))/(2.0*a)

endi f el se begin
sol 1=conpl ex(-b/(2.0*a),sqrt(-det)/(2.0*a))
sol 2=conpl ex(-b/ (2.0*a),-(sqrt(-det)/(2.0*a)))

endel se

print,"Solutions are : ', soll,sol2

end

(7) Programto do nunerical integration of the function f(x)=x"3 by
addi ng rectangl es.

function i1 ntfun, X
z=x"3

| ong( st eps)

(b-a)/n

x=a+h*fi ndgen(n)

f=intfun(x)

print," Calculated integral ="' ,h*total (f)
print,"Theory = 4.00"

end
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Exerci se #1
Change prog_07 to do the integrals

(1) x~4 (0,1)
(2) 2*x+4*x~3 (0, 4)

Check your answers.
Exerci se #2

Wite a programthat does this calculation

Sk

N
(1) f(N)=E— or N=40 and N =400.
n=1

(a) Use a FOR | oop.
(b) Do not use any | oop.

(2) f(N)= Ene‘”’losm(n)for N =40 and N =400.

Use a functlon subprogram wi t hin your program

Exerci se #3
Make a plot of the function f(x)=e™sin(x) in the range x=(0, 3).
Your plot shoul d have:

(a) Plot a continuous solid line using 101 values in the range
(i nclude the endpoints).

(b) Overplot 11 points including the endpoints using the
"triangle" synbol. You will need to |look up in HELP how to
use synbols; also see clinton.pro above.

(c) Your plot should specify XRANGE, YRANGE, TITLE, XTI TLE,

YTI TLE and anything else you find of interest. You wll need
to look up in HELP how to specify thes KEYWORDS.

| nt roduci ng Col ors

Let us now introduce colors into our program that is, we switchy the
background from black to white, swtch the axis drawing from mvite
to black and use red and green for the data.

pro clinton_color

:Here are the data

. horizontal coordi nates

x =11 2, 4, 5, 6.7, 7, 8, 10]

; vertical coordinates (1st set)

y = [40, 30, 10, 20, 53, 20, 10, 5]

; vertical coordinates (2nd set)

y2 = [30, 28, 8, 19, 50, 22, 12, 6]

: the next femlllnes allom/us to control colors
 this is the RG@G col or node
. 255,255,255 = white

: 0,0,0 = bl ack

: 255,0,0 red

; 0,255,0 green
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; 0,0,255 = blue
; and so on
; set allowed colors
. bl ack, whi t e, red, green, bl ue, magent a, yel | ow, cyan
red= [0,1,1,0,0,1,1,0]
green=[0,1,0,1,0,0,1, 1]
blue=[0,1,0,0,1,1,0, 1]
. load color table - change first 8 entries
tvl ct, 255*red, 255*gr een, 255* bl ue
; open a w ndow
wi ndow, 0, xpos=50, ypos=50, xsi ze=600, ysi ze=400,titl e=" Usi ng Col ors
; set axes, scales, colors with out plotting
; set background to white (instead of black) and draw axes, etc
; in black instead of white - better for printing
plot,x,y,xtitle="Weks',ytitle="Popularity', $
title="Shoul d He Resign?',xrange=[0.0,10.0], $
yrange=[ 0.0, 60.0], $
col or=0, background = 1, /nodata
; plot calculated values - use synbols to mark discrete set
;make a plot of the first set of data - use color red
opl ot, X, y, col or =2, psym=- 2
; Note how we use $ in the above command to
;continue onto the next |ine
; psym chooses a synbol type
;negative sign tell IDL to connect synbols with |ines
: Add the second set to the plot
opl ot, x,y2,col or=3, psyn=6 - use color green
;end of the program- don't forget this!
end

In lab/class we will discuss this programline-by-line so that
everyone understands the purpose of each |ine and exactly what each
I i ne acconpli shes.

Exerci se #4

We can generate a set of data with a random error about sonme nean
value with the conmands

nunm=100
spr=0.1
dat a=5. O+spr*( 1. 0- 2. O*r andonu( seed, num ) *randomnu( seed, nun)

VWhat is this |ine doing?

Definitions:
1 N
Xinean = Xaverage = NE
o= Xstandard_deviation = \/%2()(] _<X>)2 = \%(JE:XJZ - 2<X>JE:X]' _<X>2) = <X2> - <X>2

Wite a program which conputes the nean and standard deviation of the
data. Use FOR LOOPs.
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Exerci se #5
Elimnate the FOR LOOPs in program #4 using the I DL TOTAL function.
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