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SYms (_,,_9
Shortcut for creating symbolic variables and functions

Syntax
3yms varl ... wvarHN
3yms varl ... varN 3et
3yms varl ... varN clear
ayms f{argl,...,argl)
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Workspace (x)

Mame = Value
| x 1x71 sym
|y Ix1 sym

L¢3



>> Syms a

>> Syms X Y Z

> f(x)=2%x+4

f(x) =

2*x + 4

=>» (1)

ans =

3

= g(x,y)=2*x+s3grt(y) "3
glx, y) =

2*x + y~(3/2)

>> g(1,1)

ans =

3

>> h=[x"2,2%x;3-%, X]
h =

[ xhad, 2%FX]

[ 3 - &, %]
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Waorkspace

] =t e | K= e e e K

Mame -

Value

1xT sym
IxT sym
Ix1 symfun
1x71 symfun
2x2 sym
Ix1 sym

IxT sym
1xT sym
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Command Window Command Window

3
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>> SYmMS X >> SYyms X
>>» [ (x)=2*x+abs (sqrt (x)) = g=2*x+abs (sgrt (x))
f(x) = g =
2*x + abs(x)~(1/2) 2*X + abs(x)~(1/2)
>> £ (pi) >> subs (g, %,pl)
ans = ans =
2%pl + pi~(1/2) 2*pil + pi~(1/2)
>> double (ans) >> double (ans)
dalls = ans =
8.0556 8.0556
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>> SYms X

=> [=2%x+4/x-5qrt (x) +abs (x)
f =

2*x + abs(x) + 4/x - ®~(1/2)
>> h=[x, 3*x]

h =

[ X, 3*X]

>> g=[x+2,4/%]
g =

[ x + 2, 4/x]
>> h*g

Error using mupadmex
Error in MuPAD command: The dimensions do not match.
[ (Dom: :Matrix (Dom: :EXpressionFleld())):: mult2]
Error in sym/privBinaryOp (line 8§20)
Csym = mupadmex (op,args{l}.s, args{2}.s, varargin{:});

Error in _* (line 21&)

¥ = privBinaryOp (A, B, 'symobj::mtimes');
>> h.*g
ans =
[ x*¥(x + 2), 12]
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>> Syms X > 3YIMS 3
>> B=log(x)+sqgrt(x):;

g (x)+sqrt (x) >> E=5+3;
>> C=A+B
= = > FP=D*E
2*x + log(x) + x"2 + x~(1/2) - 2 F =

>> A=X+2;
> B=(x+2)"2;

>> H=s~24+6%*5+9; (5 + 2)*(5 + 3)

3
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>> factor (H) >> eXpand (F)
>> A/B B
ans — ans = ans =
1/(x + 2) (s + 3)"2 5"2 + 3*s + ©

>> BA=5"3 + &*s5"Z + 12%*s5 + 8;
>> factor (A)

ans =

(s + 2)"3
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>> A=0.3/(x+3)-0.4/(x+4)+3.1/x+1

A =

3/(10*(x + 3)) - 2/(5%(x + 4)) + 31/(10*x) + 1
>> pretty (A)

10 (x + 3) 5 (x + 4) 10 =

>> [N,D]=numden (A)

H:

10*x~3 + 100*x~2 + 337*x + 372
[}:

10*Fx*(x + 3)*(x + 4)
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>> A= (X 3+2%Fx"2+5%x+10) ;
>> B=(x"2+5);

>> C=L/B

|':=

(x~3 + 2*x"2 + 5*x + 10)/(x~2 + bH)
>» simplify (C)

ans =

X + Z

>> factor (A)

ans =

(x + 2)*(x~2 + 5)
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>> SYymMS X Y
=> A= (x"3+2*x"2+5*x+10) ;

=> AZ=subs (A, X, V)

AZ =

vr3 + 2*Fyr2 + HFy + 10

>>» A3=subs (i, X, 2)

A3 =

36

>> Ad=subs (A, X, (X+2)"*2)

Ad =

5% (x + 2)72 + Z2F¥(x + 2)4 + (x + 2)"e + 10
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>> SYmMS X

>> y=0.2*%s1n(20*x) +s51n(x)
y =

sin(20*x) /5 + sin(x)

>>» ezplot(y,0,10)

sin(20 x)/5 + sin(x)
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solve
EE]LJEItiEIFIS and SEIStEITIS solver

syntax

3
5 = solve(egn,var,Hame,Value)

solwve (eqn)

¥ = 3olve {eqns)
Y = solve(egns,vars,Name,Value)

3
i@
3,
1
3
;.:‘j

[¥1,...,¥N]
[¥vl,+..,¥N] = solve({egns,vars,Name,Value)

solwve (eqna)
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>> SYymS X
> Y=XMA+HZ2FR+];
>> A=s50lve (V)

.

>> 5yms X a2 b C -
S

>> solve('a*x"2+b*x+c')

ans =
(b + (b"2 - 4*a*c)~(1/2))/(2%a)
- (b - (b~2 - 4*a*c)~(1/2))/(2%a)

>> 3yms ® C

> Y=2FE+1+1C;
>> Al=solve(y, L)
Al =

- 2*x - 1

>=> AZ2=s50lve (y, X)

- t/2 - 1/2

>> pretty(ans)

/ 2 \
| b + sgrt(b - 4 a c) |
| = e |
| 2 a |
| |
| 2 |
| b - sgrt(b - 4 a c) |
T |
\ 2 a /
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>> solve('a*x"2+b*x+c','c'")
ans =
- a*x*2 - b*x

>> solve('a*x"2+b*x+c', "b'")

ans =
-(a*x"2 + C) /X

>> B=x-y-2;

>> FZ2=solve (A,B):;
>» F2.X

ans =

3/2

> A=X+y-1;

>> SYmM5 X Y
>»> F=s0lve('x+y=1", 'x-y=2")
F =
®x: [1x1 sym]
v: [1x1 sym]
>»> F.X
ans =
3/2
>> F.y
ans =
-1/2

>> R=solve('cos(sin(t)) ")
R:

asin(pi/2)
pl - asin(pi/Z2)
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diff

Differences and Approximate Derivatives

Syntax .

y int
¥ = diff (X] Definite and indefinite integrals
¥ = diff (¥,n)
¥ = diff (¥, n,dim)

Syntax

int (exXpr, var)
int {expr,var,a,b)
int{__ ,Hame,Value)
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>> Y=3* X 3+4FKN2+5;
>> y1=diff (y)

yl =
Q*x~2 + B*x

>> syms x t;

>> y=s5in(x)+cos(t);
>> y1=diff (y,t)

yl =
—-s51in(t)

>> y2=diff (y,2)

yZ =

18*x + 8

>> y3=diff (y,3)
y3 =

18

>> ¥ = [11 2 3 5 8]:
>> Y = diff (¥X)
"f:
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>> Y=X"2+X+]1;
>> 1nt (y)
ans =

(x* (2*x~2 + 3*X + 6)) /6

>> Y=X+2*L;

>> int(y,t,-1,1)
ans =

2*X

>> expand (int (y))
ans =

X"3/3 + x"2/2 + X
>> 1nt(y,0,1)

ans =

11/6

>> syms ¥ T a b

>> Int ("2*x+4~t+1"',a,b)

ans =

-(a - b)*(a + b + 2~(2%t) + 1
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>> limit("l+sin(x)"',x,1)
ans =

sin(l) + 1
>» 1limit('l+sin(x)'",x,1nf)

ans =

>>» 1limit('1/x'",x,0, "right")
ans =

Inf

>> 1imit('1/x'",x,0,"1eft")

dalls =
B8

: 12 aunlan

limit s 5l o> acwle gl p
Bl (oo ) g 4 ]
limit
Compute limit of symbolic expression

Syntax
limit{eXxpr,x,a)
limit{expr,a)
limit{expr)
limit{expr,x,a, 'left")
limit{expr,X,a, 'right')
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dsolve
Ordinary differential equation and system solver

Syntax
3 = dsolve (egn)
= dsolve (eqn, cond)
= daclve (eqn, cond, Hame, Value)

3
!
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dzolwve {eqna)

=R DD
Il

= dsolve (eqns, conds)

¥ = daolve (eqns,conds,Hame, Value)
[¥l,...,¥N] = dsclve({eqns)

[¥l,...,¥N] = dsclve(eqns,conds)
[¥1l,s..,¥M] = dsclve{eqns,conds, Name,Value)
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>> dsolve ('Dy=1+y~2') |>> dsolve('Df=f+sin(t)"')

ans = s
Cze*exp(t) - sin(t) /2 - cos(t)/2

tan(Cs + t€)
1 >> dsolve ('Df=f+sin(t)+x", 'x")
-3 ans =
Cl7*exp(x) - sin(t) - x - 1

>> dsolve ("Dy=1+y~2', 'y (0)=1")

tan(pi/4 + t)
>> dsolve ('Dy=1+y~2",'y(0)=0") | >> dsolve('D2y+Dy+y=0", "y (0)=0")
ans = ans =

tan (t) C24*exp(-t/2)*sin((3~(1/2)*t) /2)
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>> dsolve ('D2y=-a*y', 'y (0)=1", 'Dy(0)=0")

dIls =

exp((-a)~(1l/2)*t) /2 + exp(-(-a)"(1l/2)*t) /2

>> [f,g]l=dsolve('Df=f+g", 'Dg=g+f',"£(0)=1","'g(0)=1")

T =
exXp (2*L)
g =
exXp (2*L)
>> dsolve (' (Dy)~2+y~2=1","'m")
ans =
1
-1
cosh (C55 + m*1) =
cosh(C51 - m*1) -

>> s5yms a x(t)

dsolve (diff(x) == -a*x)
ans =

C2*exp(-a*t)

>> dsolve('Dx = —a*x'")

ans =
CZ2*¥exp(—a*t)
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symsum
sum of series
syntax taylnr : :
Taylor series expansion
symsum ({exXpr, var)
symsum {expr,var,a,b)
Syntax
taylor (L)

taylor{f,Hame, Value)
taylor({Z,v)
taylor({Z,v,Name,Valus)
taylor({Z,v,a)
taylor(Z,v,a,Name,Value)
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>> syms k
>> symsum(k,0,5)
ans =

-

>»> symsum (k”~ (-2),1,1inf)
ans =
pi~2/6
>> double (ans)
ans =

1.6449

>> SYymMS X
>> taylor(exp(-x))
ans =
- x*5/120 + x~4/24 - x*3/6 + x°2/2 - x + 1
>> pretty(ans)
5 4 3 2

X X X X
- — + — - — + — - %2 +1

120 24 6 2

>> pretty(taylor(exp(-x), 'Order', 8))
7 6 5 4 3 2
X X X X X
- - 4+ —F - — 4+ — - — 4+ — - x + 1
5040 720 120 24 6 2

3
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laplace ilaplace
Laplace transform Inverse Laplace transform
Syntax syntax

laplace (£, trans var,eval point) ilaplace (F, trans_vwvar,eval point)
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>> syms €
>> laplace(t)
ans =

1/5"2

>> Syms a

>> f=s1in(a*t);
>> laplace(f)
ans =

a/ (a2 + 5"2)

>> syms T a
>> L=laplace (exp(3*t) *sin(t) *cos(a*t)):
>> pretty (L)

2 2
a -5 + 65 - 10

a +2a 5 -12a s+ 16 a + 5 —-12 5 + 56 s - 120 5 + 100

>> laplace (dirac(t))

ans =

1

>> laplace (heaviside(t))
ans =

1/5

3
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>> 1laplace(l/5"2) >> ilaplace(1/(5°2-4)) E)
ans = ans =

t exp(2*t) /4 - exp(-2*t) /4 ,‘i_

>> 1laplace(s/(s"2+4)~2)|>> 1laplace(s/(s72+4)"3) j

dans = .

2HS T (t*sin(2*t)) /64 - (t~2*cos(2*t))/32 3

(t*sin(2*t)) /4 %

Y

>> ilaplace (exp(s*3)*s/(5°2+1)) 5
ans =

sin{B}*dirac{t} + cos(t + 3)*heaviside(t + 3) + dirac(t + 3)*sin(t + 3)
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3

Polynomials Not Polynomials 3{

2X% + 6x -9 10x"+ 6x ;3‘

-x° + 9 X — 2 2'3

4x4+ 5x° — 8x% + 12x + 24 345 3
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poly roots
Polynomial with specified roots Polynomial roots
Syntax Syntax

p = poly (&) r = roota(c)

£ = poly(r)

3
!
3
{
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>> SYMS X

>> poly([-3 -31)

>> A=x+1; ans =
>> solwve (A) L € °
ans — >> w=[23 6 2 00 0 2];
1 >> poly (w)

ans =

>> roots([1l 1])
ans =

1 -33 258 -668 552
>> roots (ans)

-1 ans =
>> poly([-11) 0
ans = 0
1 1 0
>> B=X"2+6%*xX+9; 23.0000
> solve (B) &.0000
ans = 2.0000
-3 2.0000
-3

=>> roots ([l & 9])
ans =

-3.0000 + 0.00001
-3.0000 - 0.00001
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. Cf tool

command o o |y cftool jgiws sub wSWgi oyl i eslasel (olp
.JJ; pu‘.:
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‘ =>> cftool

cftool
Open Curve Fitting app

3
L
3
1
3
)




. Cf tool

bumo j3 83 )90 OleMbl £g3 G oV ol eslaial (ol seds oo
3903 03&iuul (S Wgi el a9 03 & 423 Lo WOTKSpace

Command Window
>» X=1:10;
> y=[2 3.5 6.43 7.15 10.91 12.16 13.61 15.49% 18.&6 20.5Z];
»>> cftool

4 Curve Fitting Tool = =

File Fit View Tools Desktop Window Help ¥ A X
d ESX T BN I Bms0l

[ untitledfit1 2 | + |

Interpolant v Auto fit
Fit name: | untitled fit 1

Method: |Linear w Fit
X data: non

Center and scale

3
iﬁ
3,
1
3
(15

(none)
Y data: (none)
Z data: (none)
Weights: | (none)

Results

Select data to fit curves or surfaces.

Table of Fits @

Fit name « Data Fit type S5E R-square  DFE Adj R-sq RMSE £ Coeff Validatio... Validatio... Validatio...
d untit\ed...l |Iineariﬂterp ‘




File Fit View Tools Desktop Window Help

Y IR T =

i

|

~ | untitled fit1 | + |

Polynomial v [] Auto fit
Fit name: |ur1tit|ed fit 1 |
Degree: |1 b Fit
Xdatz |1 J] gree. | Rt
; : Robust: | Off W
Y data: |=|,r P w | | | Stop
Center and =cale
£ data; | (none) W | u
Weights: | (none) W |
Results a0 T T T T T +
@) Cick Fit” to update plot and resuts,
15 i .
10+ 1
5 - * ! .
* I I I I I I
1 3 4 6 8 9 10
Table of Fits ®
Fit name = Data Fit type S5E R-square DFE Adj R-sq RMSE # Coeff Validation... Validation... Walidation...
[ untitled |],r VS X |po|},r'|

(9 iy 5h) f

' |

AP

;;
3
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. Cf tool

Polynomial
Degree: 1

Robust: | Off

[ ] Center and scale

Results

Linear model Poly 1:
f(x) =p1™x +p2
Coeffidents (with 95%¢ confidence bounds
pl=  2.05 (1.839, 2.201)
p2= -0.24 {-1.177, 0.6971)

Goodness of fit:
S5E: 2,831
R-square: 0,.9919
Adjusted R-square: 0.9909
RMSE: 0.59428

15

10

Fit Options...

Auto fit

Fit

Stop

¥ Vs X
urtitled fit 1|

I

*

doligs g

S

’ |

e

;;
3
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. Cf tool

doligs g

Polynomial v Auto fit ’ A
Degree: 3 P Fit
Robust: | Off v Stop *

[ ] Center and scale

Fit Options...

e

Results
Linear model Poly3: A
flx) = p1™"3 + p2* "2 +p3¥x + p4 20 +
Coeffidents (with 95% confidence bounds)
pl= 0.00662 (-0.02255, 0.03579)

;;
3

p2= -0.09847 (-0.585, 0.388) 15 .
p3=  2.436 (0.07723, 4.794)
p4= -0.5713 (-3.718, 2.575) -

10} .

03 (s

Goodness of fit: v x
S5E 2.634 N
R-sguare: 0.9325 5+ urtitled fit 1 |
Adjusted R-sguare: 0.9887 W
£ > 1 1 1 1 1 1
1 2 3 4 5 6 T 8 ) 10
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doligs g

Sum of Sine W Auto fit %;
Mumber of terms: |3 v Fit
Equation: al*sin(b1*x+c1) + ... + a3*sin(b3*x+c3) Stop *

[ ] Center and scale

Fit Opticns...

e

Results
General model S5in3:
) = ) S S S S I S S R .
al%sin(b1®x+cl) +a2%sin(b2*x+c2) + a3%sin(b3®0+c3) s
Coeffidents (with 95%: confidence bounds):
al= 3712 (-1.28e+06, 1.28e+06) 15 - *
bli= 0.005438 (-18.75, 18.77)
cl= -0.0001325 {-0.5132, 0.5129) =
aZ= 0.4703 (-6.148, 7.088) Uiy
b2= 129 {-7.34, 10.52) yvs. x

03 (s

2= -5.06 (-53.01, 42.89) 5 untitled fit 1 |
a3= 0.3883 (-6.531, 7.308)

b3=  2.035 (-6.08, 10.15) . . . | | .
3= -3.998 (-45.41, 37.41) 1 2 3 4 5 6 i 8 9 10

Goodness of fit:
S53E: 1,178
R-sguare: 0.99665
Adjusted R-sguare: 0.9697
EMSE: 1.085




: JUb

f(x) = ?{/\ln(x) + x4| + x3

\ 4

df (1) =?

3
i
3
1
3
)
i




| test_diff Tm | 4+ |
clear all;close all;clc;

1 —

SYyms X
fl=log(x) + x™2 ;
f2=abs(fl) + x~3 ;
f=f2~(1/3):

df=diff(f, x);
a=subs (df, x, 1)
b=double (a)

Command Window

3 =
2~(1/3)
h =
1.25595
g
-0.3252

0.2060 - 0.63231

3
1
3
{
3
5



: JJad —i’g

3

h(x) = In(*"Y[sinc(x) + 22| + sin(x)) I
S

dh(1) =2 B!

— :
X+3x_[X—_[X+tan(— ) 3

\ \ Sin(x) 4

e* + cos(x)




clear all;close all;clce;

SYms X
fl=sqgrt (x+tan(x/sin(x)));
f2=x+3*s5qgrt (x-£1) ;

f3=exp (x)+cos(X);
f=f2/£3:

df=diff (f, x):
a=subs (df, x,p1/4)
b=double (a)

3
1
3
{
3
5
4

L¢3
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