Sencil Tutorial.nb

Tutorial for various functions In
mathematica

In[22]:= Clear ["Ad obal * %" ]

m Basic concepts

We can represent numbers,

In[24]:= 2
Qut[24]= 2
In[25]:= (3+2)/4
Qut[25] = %

..., variables,
In[26]:= X
Qut[26]= X
In[27]:= X +Y
Qut[27]= X +Y

In[28]:= quot = (X*"2-y"2)/ (X+Y)

x2—y2
X+Yy

Qut [ 28]

In[29]:= Sinplify[quot ]
Qut[29]= X -y
In[30]:= ?Sinplify

Simplify[expr] performs a sequence of al gebraic transfornations on expr, and returns the
sinplest formit finds. Sinplify[expr, assum does sinplification using assunptions. More...

If we assign values, these are’ sticky’

In[31]:= x =1

ut[31]= 1
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In[32]: = quot

1-y2

Qut[32] = oy

We can aso store Equationsin variables

In[33]:= eqnl =2a ==

Qut[33]= 2a==3
In[34]:= Sol ve[egnl, a]
ait[sa= {{a- 3}
For the rest of this document it is better to’ clear’ x
In[35]:= X
Qut[35]= 1

In[36]:= O ear [Xx];

In[37]:= X

Qut[37]= X

m Functions
A simple function

In[38]:= func[x_]:=x"2-x"3
Outpuit:

In[39]:= func[2]

Qut[39]= -4

In[40]:= func[x]

Qut[40]= x2 - x3
In[41]:= func[y]
out[41]= y* -y®

Note the 'underscore’

In[42]:= func2[x]:=x""2-x"3

In[43]:

func2[x]

Qut[43]= x? - x3
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In[44]:= func2[y]

Qut[44]= func2[y]

In[45]:= func2[2]

Qut[45]= func2[2]

m Modules

We write a ssmple module to return the cube of some input number

In[46]:= nycubelinput_]:=
Modul e[{resul t},
result =input”"3;
Return[result];
1

In[47]:= nycube[3]

Qut[47]= 27

m 'For’Hoops

We write a modul e returning the sum of the numbers 1,... ,n (where nisthe input to be specified)

In[48]:= mysum[n_] : =
Modul e[{result =0, i},
For[i =1, i sn, i ++,

result +=i

1
Return[result]
1

In[49] : = mysum[100]

Qut[49] = 5050

m 'If’-conditions

The’If’ statement is not quite what it usually represents in programming languages.
It'slike the ternary conditional in’c’.

In[50]:= If[1=2, 0, 100]
Qut[50]= 100
In[51]:= If[2=2, 0, 100]

Qut[51]= 0
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Now we only want to sum the even numbers

In[52]:= evensum[n_] :
Modul e[{result =0, i},

For[i =1, i sn, i ++,

result +=1f [Mod[i, 2] =0, i,

1
Return[result]

1

In[53]:

evensum[100]
Qut[53] = 2550
In[54] : = mysum[50]

Qut[54]= 1275

0]

m Creating and working with lists

We create alist of the number O, 1, ..., 10

In[55]:= val ues = Tabl e[x,

Qut[55]= {2, 3, 4, 5, 6, 7, 8, 9, 10}

{x, 2, 10, 1}]

We create another list with elements f[i]

In[56]:= flist =Table[f[i],

aut[56]= {f[2], f[3],

f 4],

{i,

f 5],

2, 10, 1}]

We want to assign to f[i] the value sum[i]/evensumli].

In[57]:= For[i =2, i <10, i ++,
f[i]=mysumli]/evensum[i ]

In[58]:= flist

aut[sel= {5, 3, 3. . o

w| ~
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In[59]:= ListPlot [flist]

NONN N
N A O

1.6}
Qut[59]= = Graphics -
We can aso directly accesslist elementsvia’flist’

In[60]:= flist[[3]]

Qut [ 60] %

In[61]1:= For[j =1, j <5, | ++,
flist[[j]1] *=values[[j]1]
1

In[62]:= flist

7 9
ait[62]= {3, 9, &, S5-, 5, T = T =)

m Derivatives and Substituting

In[63]:= func[x]
Qut[63]= x? - x3
What isfunc evaluated at x0? Answer:
In[64]:= func[x0]
Qut[64] = x0% - x0°
In[65]:= func[x] /. X » X0
out[65] = x0% - x0°
Both methods work fine for this example. But now we want to know the derivative f’ evaluated at x+h

In[66]:= D[func[x], X]

Qut[66]= 2x -3x?
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In[72]:= D[func[x0], X]

Qut[72]= 0
In[74]:= D[func[x], X] /. X » X0
Qut[74]= 2 x0 - 3 x0?

Higher derivatives

In[75]:= D[x"4, {X, 3}]

Qut[75]= 24X

m Solving (linear) systems of equations

We need to write the equationsas a’list’, so

In[76]:= eq[l] =2x+3y =4;
eq[2] =x -4y =3;
In[78]:= system=Table[eq[i], {i, 1, 2, 1}]
Qut[78]= {2x+3y==4, x-4y ==3}
In[79]:= sol =Solve[system {x, y}]
25 2
ut[79]= {{x > 7. ¥~ -7t}

Note that the result isa"list of alist" of 'substitutions’, not alist of numbers

In[80]:= sol [[1, 1]]
sol [[1, 2]1]

Qut[80]= X - %
Qt[8l]= y - 71271
Check the result

In[82]:= eq[l] /. {x>»25/11, y»-2/11}

Qut[82]= True

In[83]:= eq[2] /. sol [[1]]

ut[83]= True

m Taylorexpansion

Suppose we want to expand a function f[x] around a point xO
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In[84]:= Series[g[x], {X, x0, 3}]

1

Qut[84]= g[x0] + g’ [X0] (X - x0) +%g” [X0] (X -Xx0)? + €g<3) [X0] (x -x0)% +O[x -x0]*

If we want the series expansion around 'x’ evaluated at 'x+h’, the most straightforward idea does not work

In[85]:= Series[g[x +h], {Xx+h, x, 3}]

General::ivar : h+x is not a valid variable.
Qut[85]= Series[g[h+x], {h+x, x, 3}]
so instead we use the substitution option
In[86]:= nyseries =Series[g[y]l, {y, X, 3}1 /. y->x+h

2 1

Qut[86]= gx] + g’ [X] ((h+x) %) + 59" [x] ((hex) -x)% + &g [x] ((hex) -x)° +O[(h+x) ~x]*

We want to simplify this expressions. This requires a conversion via’ Normal’

In[90]:= Sinplify[ nyseries]
Qut[90]= g[x] +g [X] ((h+x) ~X) + 39 [X] ((h+x) x)% + &g [x] ((h+x) -x)° +O[ (h+x) ~x]*
In[92]: = Expand[Nor mal [nyseries]]

Qit[92]= g[x] +hg’ [x] +%h2 9" [x] +%h3g<3> [x]

All thisis rather messy, so we use the shortcut for the expansion which is given by

g[x +h] +O[h]1™4

g[x+h] +g[x-h] +0O[h]1"4
29g[x] +g” [x] h? +Oh]*

We can also access indivudual coefficients of the series expansion (note that the expansion parameter, the h, drops
out)

In[94]: = nycoef = SeriesCoefficient[nyseries, 2]

aupoa= I XL

m Lagrange interpolation

Create alist of points
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In[96]:= data = {{1, 2}, {2, 2.5}, {3, 4}, {4, 3}}

t[96]= ({1, 2}, {2, 2.5}, {3, 4}, {4, 3}}

In[99]: = nypoly = Expand [l nt er pol ati ngPol ynom al [data, y]]
Qut[99]= 6. -7.41667y +4. y2 - 0.583333y°

In[100]: = Pl ot [nypoly, {y, O, 5}]

P N Wb~ 01O

-1

Qut[100] = = Graphics -



