
INTRODUCTION TO MuPAD

reset:
2+5;
7

7!;
5040

345!
2421563865079234655870005369198585557012055604025865273483978326703996172017832359\

31747390479136170796955315026894730122138208891348858539928184380564450802014828\
63675240494802269823110125881000284687377104376400792200165127855908498047507347\
95544660309396432698708731139427468423730839850291130496971971509806802549750490\
07305802170165732700116984673789242915507808736051547368795426025546355584282656\
90302091342359471863508627516511203478353542187151045838267239168928747525890559\
70848765521348872753088496855871638500043698912947952783301034051776068834536871\
57290200153368625343538769148712017766992058786628585558572655442309991784492564\
48000000000000000000000000000000000000000000000000000000000000000000000000000000\
000000

(3+I)*(2-I);
7 - i

(x+y)^2;x + y2

expand((x+y)^2);
x2 + 2 x y + y2

factor(x^3-1);x - 1 x2 + x + 1
factor(x^24-1);x - 1 x + 1 x2 + x + 1 x2 + 1 x2 - x + 1 x4 + 1 x4 - x2 + 1 x8 - x4 + 1
sum(k,k=1..100);
5050

sum(1/k^2,k=1..100);
1589508694133037873112297928517553859702383498543709859889432834803818131090369901

972186144434381030589657976672623144161975583995746241782720354705517986165248000

sum(1/k^2,k=1..1000);



sum(1/k^2,k=1..1000);
8354593848314968947818785426485488438604445431408647293076383951260380329120788183\

95889049774693879998449626753271150109339035891456542997302311090911243084627321\
53297321867661093162618281746011828755017021645889046777854795025297006943669294\
33075247939965471636880179452968260374134472473317376526296446397076393446392625\
97968951409011283842863333117454628637167531347351541889547424140358366082583939\
70996630553795415075904205673610359458498106833291961256452756993199997231825920\
20366795266754678705253576362491091225110708370281726508734196684535873258497136\
16453480911238496876148866821171257847814221034601924393947807070249632790335326\
46857677925648889105430050030795563141941157379481719403833258405980463950499887\
30292615255284808989463084353849755263069167621689674067570138584703217319262383\
3881016332493844186817408141003602396236858699094240207812766449508207201043258\
12617835292273000760481839790754374852703215456050992581046448162621598030244504\
09724082592077391398192630520827251888625862701093371635403706297968012067482810\
22246505864655534820326141905027461217172481618922399540304939825494226908461805\
52358769564169076876408783086920322038142618269982747137757706040198826719424371\
33378194788952808532985359711689388978698310959708504187851391734209920689616658\
58598392891932995991636696413238950229329597500576163908085536979841920677742528\
34860398458100840611325353202165675189472559524948330224159123505567527375848194\
80045255694045353045759002417374970494183438270919851566489734443858494784279313\
18290501805895815072739886824090280882488005765904972168848087831925658598969571\
25449502802395453976401743504938336291933628859306247684023233969172475385327442\
707968328512729836445886537101453118476390400000000

sum(1/k^2,k=1..infinity);
p2

6

limit(sin(x)/x,x=0);
1

f:=exp(3*cos(5*x));
e3 cos5 x
diff(f,x);
- 15 sin5 x e3 cos5 x
diff(f,x,x);
225 sin5 x2 e3 cos5 x - 75 cos5 x e3 cos5 x
diff(f,x,x,x,x,x);

843750 sin5 x3 s1 - 759375 sin5 x5 s1 - 9375 sin5 x s1 - 1265625 cos5 x2 sin5 x s1

+ 2531250 cos5 x sin5 x3 s1 - 421875 cos5 x sin5 x s1
 
where
 

  s1 = e3 cos5 x
g:=1/(x^3+1);

1
x3 + 1

int(g,x);
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int(g,x=0..1);



int(g,x=0..1);
ln2

3
 + p 3


9


plot(g,x=-2..2);
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plot(sin(x),sin(2*x),x=-2*PI..2*PI,LegendVisible);

sin(x)
sin(2*x)
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plot(sin(a*x),x=-2*PI..2*PI,a=1..2);



plot(sin(a*x),x=-2*PI..2*PI,a=1..2);
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plot(exp(1-x^2-y^2),x=-3..3,y=-3..3,#3D);

To define a function   f(x)  in  MuPAD, we use arrow notation and enter
f:=x->(x^3-7*x^2-x+7)/(50);

x ® x3 - 7 x2 - x + 7
50


 Note that  since  f  is a polynomial, we know that Domain(  f  ) is all reals, and because  f  is of
odd 
  order it follows that  Range(  f  ) is also all reals.   We may plot  f  over the the interval [-10 , 10]  
  with the following command:
plot(f(x),x=-10..10,Colors=[RGB::Blue]);



plot(f(x),x=-10..10,Colors=[RGB::Blue]);
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 To locate the zeros of   f   we factor the polynomial expression  f ( x ):

factor(f(x));x - 1 x - 7 x + 1
50


  Evidently,   f   has three zeros:  x = -1, 1, 7.  Alternatively, we can find these zeros by writing a  
 MuPAD command to solve the equation  f ( x ) = 0  for  x .
s:=solve(f(x)=0,x);- 1, 1, 7

  In order to refer to the first element in the list of solutions we may enter  s [ 1 ].
s[1];
- 1

  As you would expect, the third solution is denoted by  s[ 3 ]  in MuPAD.

s[3];
7

 We may sketch a graph of   f  over a smaller interval to show detailed behavior of the function.

plot(f(x),x=-4..8,Colors=[RGB::Black]);



plot(f(x),x=-4..8,Colors=[RGB::Black]);
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 Now let us define another function   g  in MuPAD witht the following command:
g:=x->x^4-sqrt(1+x);
x ® x4 - 1 + x


Note that  Domain ( g )  =  [ -1 , infinity ) since  is a real number if and only if
the argument of the square root is non-negative. 
  If we try plotting  g over the interval  [ -1 , 10 ] we obtain the following graph:
plot(g(x),x=-1..10,Colors=[RGB::Blue]);
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 It appears that the zeros of  g  occur in the interval  ( -1 , 5/2) so it makes sense
to redraw the graph   over a shorter interval. 
Doing this will help us to estimate the locations of the zeros.
plot(g(x),x=-1..5/2,ViewingBoxYRange=-5..10,
Colors=[RGB::Blue]);
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  Note that the second interval of values in the above  plot  command : -5 . . 10, specifies the range 
  of  values that appear along the  y axis.
  It is now evident that  g  has one zero in the interval  ( -1  , -1/2)  and one in the interval  (  1 ,
3/2 ). 
  We will attempt to find these values using a solve command as above:

s:=solve(g(x)=0,x);0È solvex4 i < 0, xÈ 
- s1

 u Î R Ù y Î 0, ¥È 
- s1 i

 u Î R Ù y Î 0, ¥È 
s1 i

 u

Î R Ù y Î 0, ¥È 
s1

 u Î R Ù y Î 0, ¥Ç RootOfz8 - z - 1, z
 
where
 

  s1 = y + u i14

This time the  solve  command does not give us a result that we can use.. 
   In such a case we can utilize the  fsolve  command in the numerics package 
to approximate each of the roots to any desired number of decimal places.     
When approximating the zeros of a function  g  we use the 
command
                                              fsolve ( g ( x )  =  0 , x= a . . b ) ;
  where ( a , b )  is an interval known to contain a single root to the equation  g ( x ) = 0.

numeric::fsolve(g(x),x=-1..-1/2);x = - 0.81165232
We can also return just the numerical value.  Here we are getting the fsolve routine,
computing and storing the numerical value, and then displaying the value.
use(numeric, fsolve);
xvalue:=fsolve(g(x),x=-1..-1/2)[1][2]:
xvalue;
- 0.81165232

fsolve(g(x)=0,x=1..3/2);x = 1.096981558
  Finally, to determine the range of  g, we observe from our graph that Ran( g ) 
contains all numbers larger than the minimum value of g(x).In class we will  



  Finally, to determine the range of  g, we observe from our graph that Ran( g ) 
contains all numbers larger than the minimum value of g(x).In class we will  
develop an analytic method for finding this minimum . For now, we can estimate 
the minimum value of  g ( x ) by redrawing the graph of  g  over the short interval  
         [0.50 , 0.80 ].

plot(g(x),x=-.5..0.80,Colors=[RGB::Blue]);
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Now position the mouse arrow inside the coordinate plane of this plot and click the left hand
mouse
  button once.  Now move the mouse arrow to the minimum point and click once again and hold . 
A tiny window will appear showing the x- and y- coordinate values at the location of the cursor.
The y-coordinate of this point approximates the minimum value of  g.
  The actual minimum value is - 1.163640263 ,  where   .

xloc:=fsolve(D(g)(x)=0,x=0..1);x = 0.4689591882
xloc[1][2];
0.4689591882

gmin:=g(xloc[1][2]);
- 1.163640263

Thus, Ran (g) = [gmin, infinity ).

Composition of Functions

We can define the composition of the function  f  with  g  in MuPAD with the following command:

h:=x->(f@g)(x);
x ®  f  gx

To see the value of  h(x)  we enter
h(x);

x + 1

50

 -
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If we would like to expand the above expression into a sum of simpler terms



If we would like to expand the above expression into a sum of simpler terms
we may enter the following command where the parentheses ( % ) represents
the results of the immediately preceding command (stands for "the last output").

 Following is first the graph of h, and the graphs of  f ,  g , and  h  plotted on the same coordinate
system.

plot(h(x),x=-1..2,ViewingBoxYRange=-2..5,
Colors=[RGB::Blue]);
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plot(f(x),g(x),h(x),x=-1..2,ViewingBoxYRange=-2..5,
Colors=[RGB::Red,RGB::Green,RGB::Blue]);
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Solving Inequalities With Graphics

 The graphic capability of MuPAD can also be used to solve inequalities.
  As an example, consider the inequality x2 < cosx sinx for x in  [ - p , p ].
First graph the two functions together.

f:=x->x^2; g:=x->sin(x)*cos(x);



plot(f(x),g(x),x=-PI..PI,Colors=[RGB::Red,RGB::Blue]);
x ® x2

x ® sinx cosx
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The solution to the inequality is the set of numbers x such that  f(x) < g(x), i. e. , 
those values of  x  such that the green curve is above the red curve. 
We will look more closely at the interval  [0,1]:

plot(f(x),g(x),x=0..1,Colors=[RGB::Red,RGB::Blue]);
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The curves intersect at 0 and at a point with X-coordinate between 0.6 and 0.8. 
To find this point we will solve the equation  f(x)=g(x):

solve(f(x)=g(x),x);
solvex2 - cosx sinx = 0, x

Again we need to use "fsolve".

fsolve(f(x)=g(x),x=0.6..0.8);%[1][2];x = 0.702207412
0.702207412



Therefore the solution set is the open interval  ( 0 , 0.702207412 ).

The operands of an object - op
op(object) returns all operands of the object.

op(object, i) returns the i-th operand.

a:=x^24-1;
x24 - 1

b:=factor(a)x - 1 x + 1 x2 + x + 1 x2 + 1 x2 - x + 1 x4 + 1 x4 - x2 + 1 x8 - x4 + 1
c:=(x-2)^2*(x-4)*(x+2)x - 22 x + 2 x - 4
l:=m/n;
m
n

op(a)
x24, - 1

op(b)
1, x - 1, 1, x + 1, 1, x2 + x + 1, 1, x2 + 1, 1, x2 - x + 1, 1, x4 + 1, 1, x4 - x2 + 1, 1, x8 - x4 + 1, 1

op(b,4)
x + 1

op(c)x - 22, x + 2, x - 4

c[2]
x + 2

op(l)
m, 1

n


l[2]
n

op(l,2)
1
n

nops(c)
3

OP

op(2*c^t+9/v);
2 x - 22 x + 2 x - 4t, 9

v


op(5*h+9/j-4^x*y+6-2*R);
- 2 R, - 4x y, 9

j
 , 5 x ®  f  gx, 6

type(5*h+9/j-4^x*y+6-2*R);



type(5*h+9/j-4^x*y+6-2*R);
"_plus"

nops(5*h+9/j-4^x*y+6-2*R);
5

op(sin(x),0);
sin

op(5*h+9/j-4^x*y+6-2*R,3);
9
j

op(t/s);

t, 1
0È solvex4 i < 0, xÈ 

- s1

 u Î R Ù y Î 0, ¥È 
- s1 i

 u Î R Ù y Î 0, ¥
È

s1 i

 u Î R Ù y Î 0, ¥È 
s1

 u Î R Ù y Î 0, ¥Ç RootOfz8 - z - 1, z
 
where
 

  s1 = y + u i14

op(t/s,2);
1
0È solvex4 i < 0, xÈ 

- s1

 u Î R Ù y Î 0, ¥È 
- s1 i

 u Î R Ù y Î 0, ¥
È

s1 i

 u Î R Ù y Î 0, ¥È 
s1

 u Î R Ù y Î 0, ¥Ç RootOfz8 - z - 1, z
 
where
 

  s1 = y + u i14

op(1/s);0È solvex4 i < 0, xÈ 
- s1

 u Î R Ù y Î 0, ¥È 
- s1 i

 u Î R Ù y Î 0, ¥È 
s1 i

 u

Î R Ù y Î 0, ¥È 
s1

 u Î R Ù y Î 0, ¥Ç RootOfz8 - z - 1, z, - 1
 
where
 

  s1 = y + u i14

op(1/s,1);0È solvex4 i < 0, xÈ 
- s1

 u Î R Ù y Î 0, ¥È 
- s1 i

 u Î R Ù y Î 0, ¥È 
s1 i

 u

Î R Ù y Î 0, ¥È 
s1

 u Î R Ù y Î 0, ¥Ç RootOfz8 - z - 1, z
 
where
 

  s1 = y + u i14

op(1/s,2);
- 1

a:=7*x*y-9*z+8/p*o^3;

7 x y - 9 z + 8 o3

p


op(op(op(a,3),2),1);



op(op(op(a,3),2),1);
p

b1:=op(a,3);
8 o3

p

b2:=op(b1,2);
1
p

b3:=op(b2,1);
p

SUBSOP

a:=3*t*s+5*p/u-9;
3 t z1 + 5 p

u
 - 9

 z1 Î
0È solvex4 i < 0, xÈ 

- s1

 x Î R Ù y Î 0, ¥È 
- s1 i

 x Î R

Ù y Î 0, ¥È 
s1 i

 x Î R Ù y Î 0, ¥È 
s1

 x Î R Ù y Î 0, ¥
Ç RootOfz8 - z - 1, z

 
where
 

  s1 = y + x i14

op(op(op(a,2),2),1);
FAIL

subsop(a,[2,2,1]=(Grisha))
FAIL

Question 1:
Given y=(2x+3)e3x , find the value of y when dy/dx=2.
Give your answer to five significant figures.

Answer 1 Clumsy code, no comments
reset():
solve(diff((2*x+3)*exp(3*x),x)=2,x);

Wk


e112


3

 - 11
6
  k Î Z


numeric::solve(diff((2*x+3)*exp(3*x),x)=2,x);- 0.4696102659
(2*x+3)*exp(3*x)|x=%[1];
0.5037140647

Answer 2
reset():

First assign y and find its derivative
y:=(2*x+3)*exp(3*x);
e3 x 2 x + 3
deriv:=diff(y,x);



deriv:=diff(y,x);
2 e3 x + 3 e3 x 2 x + 3

Now solve to find x when dy/dx =2
xval:=numeric::solve(deriv=2,x);- 0.4696102659

Evaluate y
yval:=y|x=xval;0.5037140647

and get the answer in a suitable form
DIGITS:=5: float(yval);0.50371

So when dy/dx=2, y=0.50374 to five significant figures


