
Eisagwg  sth Maple

Ed¸ dÐnoume k�poiec qr simec entolèc tou progr�mmatoc Maple.
H entol  expand mac bohj� na anaptÔxoume mia algebrik    trigwnometrik  par�stash.

ParadeÐgmata:
> expand((x+1)^8);

x8 + 8 x7 + 28 x6 + 56 x5 + 70 x4 + 56 x3 + 28 x2 + 8 x + 1

> expand((x*y+y^2)^2+x);

x2 y2 + 2 x y3 + y4 + x

> sin(2*x): %=expand(%);

sin(2x) = 2 sin(x) cos(x)

> cos(2*x): %=expand(%);

cos(2 x) = 2 cos(x)2 − 1

> tan(2*x): %=expand(%);

tan(2 x) =
2 tan(x)

1− tan(x)2

> sin(x+y): %=expand(%);

sin(x + y) = sin(x) cos(y) + cos(x) sin(y)

> cos(x-y): %=expand(%);

cos(x− y) = cos(x) cos(y) + sin(x) sin(y)

> tan(x+y): %=expand(%);

tan(x + y) =
tan(x) + tan(y)

1− tan(x) tan(y)

> ln(x*y): %=expand(%) assuming positive;

ln(x y) = ln(x) + ln(y)

> x^(y+z): %=expand(%);

x(y+z) = xy xz

> (-x)^y: %=expand(%) assuming x>0;

(−x)y = xy (−1)y
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Sto epìmeno par�deigma, ja anaptÔxoume to polu¸numo (x+1)4 sto q¸ro Z4 o opoÐoc apoteleÐtai apì tèssera
stoiqeÐa, to 0 , 1, 2 kai to 3.

> expand((x+1)^4) mod 4;

x4 + 2 x2 + 1

H entol  combine k�nei to antÐjeto apì ìti h prohgoÔmenh entol .

ParadeÐgmata:
> 2*sin(x)*cos(x): %=combine(%);

2 sin(x) cos(x) = sin(2 x)

> 2*sin(x)*cos(y): %=combine(%);

2 sin(x) cos(y) = sin(x + y) + sin(x− y)

> sin(x)^3: %=combine(%);

sin(x)3 = −1
4

sin(3x) +
3
4

sin(x)

Sto epìmeno par�deigma jewroÔme thn sun�rthsh f = ecos2x+sin2
. H entol  combine qrhsimopoieÐ thn

trigwnometrik  tautìthta cos2x + sin2x = 1 kai aplopoieÐ th sun�rthsh se e.
> f := exp(cos(x)^2)*exp(sin(x)^2):

> f=combine(f);

e(cos(x)2) e(sin(x)2) = e

Qrhsimopoi¸ntac to trig sthn entol , tìte ta cos2x kai sin2x antikajist¸ntai me trigwmetrikèc tautìthtec
pou perièqoun dipl�sia gwni�.

> f=combine(f, trig);

e(cos(x)2) e(sin(x)2) = e(1/2 cos(2 x)+1/2) e(1/2−1/2 cos(2 x))

> 3*ln(2)+3*ln(x)-4*ln(5): %=combine(%);

3 ln(2) + 3 ln(x)− 4 ln(5) = 3 ln(x) + ln(
8

625
)

Sto epìmeno par�deigma jewroÔme thn sun�rthsh f = ex+nlny.
> f := exp(x+n*ln(y));

f := e(x+n ln(y))

An jèloume h Maple na k�nei pr�xeic/idiìthtec logarÐjmwn, ìpwc vlnA → lnAv, b�zoume sthn entol  to
symbolic. H entol  anything efarmìzei tic idiìthtec twn logarÐjmwn se opoiad pote par�metro   arijmì
emfanÐzetai sthn sun�rthsh.

> f =combine(f, ln, anything, symbolic);

e(x+n ln(y)) = e(x+ln(yn))
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> combine(%);

e(x+n ln(y)) = yn ex

> 2^(1/3)*(x+1)^(1/3): %=combine(%);

2(1/3) (x + 1)(1/3) = (2 x + 2)(1/3)

Merikèc forèc jèloume na aploi soume mia par�stash. Se aut  thn perÐptwsh qrhsimopoioÔme thn entol 
simplify.

ParadeÐgmata:
> simplify(4^(1/2)+3);

5

> simplify(exp(a+ln(b*exp(c))));

b e(a+c)

> simplify(sin(x)^2+cos(x)^2);

1

> simplify(sin(x)^2);

1− cos(x)2

> e := cos(x)^5 + sin(x)^4 + 2*cos(x)^2 - 2*sin(x)^2 - cos(2*x): simplify(e);

cos(x)4 (cos(x) + 1)

> g := sqrt(x^2);

g :=
√

x2

> simplify(g,assume=real);

|x|

Akìma mia qr simh entol  eÐnai h entol  factor. Me aut  thn entol  mporoÔme na paragontopoÐhsoume mia
par�stash.

ParadeÐgmata:
> factor(x^2+2*x+1);

(x + 1)2

Sto epìmeno par�deigma dedomènou tou poluwnÔmou f , jèloume na paragontopoi soume to polu¸numo f − 1.
> f:=(x+y+1)^3: factor(f-1);

(x + y) (x2 + 2 x y + 3 x + 3 + 3 y + y2)

3



Sto epìmeno par�deigma jewroÔme ta polu¸numa p1 kai p2.
> p1 := -3*x+7*x^2-3*x^3+7*x^4;

p1 := −3 x + 7 x2 − 3 x3 + 7 x4

> p2 := 5*x^5+3*x^3+x^2-2*x+1;

p2 := 5 x5 + 3 x3 + x2 − 2 x + 1

Jèloume na paragontopoi soume to ginìmeno twn poluwnÔmwn p1p2.
> factor(p1*p2);

x (7x− 3) (1 + x2)2 (5x3 − 2 x + 1)

Ed¸ jewroÔme ta polu¸numa f kai g.
> f := x^5-x^4-7*x^3+x^2+6*x: factor(f);

x (x− 1) (x− 3) (x + 2) (x + 1)

> g := x^4+4*x^3*y-7*x^2*y^2-22*x*y^3+24*y^4: factor(g);

(−y + x) (−2 y + x) (3 y + x) (4 y + x)

> r := f/g: factor(r);

x (x− 1) (x− 3) (x + 2) (x + 1)
(−y + x) (−2 y + x) (3 y + x) (4 y + x)

Merikèc forèc jèloume na k�noume antikat�stash se mia par�stash. Se aut  thn perÐptwsh qrhsimopoioÔme
thn entol  subs.

ParadeÐgmata:
> subs( x=2, x^2+x+1 );

7

> expr:= x*y+y^2: subs(x=3,expr);

3 y + y2

> y := 3*x^2+4*x+5: subs(x=1,y);

12

> subs( sin(x)=z, sin(x)/sqrt(1-sin(x)) );
z√

1− z
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H Maple èqei thn dunatìthta na upologÐzei parag¸gouc parast�sewn. H entol  eÐnai diff.

ParadeÐgmata:
> diff(x^4-3*x^3+2*x^2-5*x+7,x);

4 x3 − 9 x2 + 4 x− 5

> diff(exp(-x^2),x);

−2 x e(−x2)

> diff(sqrt(x^3+1),x);

3 x2

2
√

x3 + 1

Sto epìmeno par�deigma jèloume na broÔme thn deÔterh par�gwgo wc proc x thc sun�rthshc f .
> diff((x^2-2)*exp(-x^2/2),x,x): simplify(%);

e(− x2
2 ) (4− 7 x2 + x4)

Gia na broÔme thn deÔterh par�gwgo miac sun�rthshc, mporoÔme na qrhsimopoi soume kai ton pio k�tw trìpo.
> f := sin(x)^2*cos(y): diff(f,x$2);

2 cos(x)2 cos(y)− 2 sin(x)2 cos(y)

T¸ra jèloume na broÔme thn par�gwgo d2f
dxdy .

> diff(f,x,y);

−2 sin(x) sin(y) cos(x)

Pio k�tw ja upologÐsoume thn par�gwgo d3f
dxd2y .

> diff(f,x,y$2);

−2 sin(x) cos(y) cos(x)

EpÐshc me thn qr sh thc Maple mporoÔme na oloklhr¸soume mia par�stash me thn entol  int   Int .

ParadeÐgmata:
> i1 := Int(x^2+x-3,x): i1=value(i1);∫

x2 + x− 3 dx =
1
3

x3 +
1
2

x2 − 3 x

> i2 := Int(sqrt(x-1)/x,x): i2=value(i2);∫ √
x− 1
x

dx = 2
√

x− 1− 2 arctan(
√

x− 1)
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> int((1+x)^2,x);

(1 + x)3

3

> int(sqrt(exp(x)-1),x);

2
√

ex − 1− 2 arctan(
√

ex − 1)

Pio k�tw ja upologÐsoume orismèna oloklhr¸mata.
> i3 := Int(x*exp(b*x^2),x=0..1): i3=value(i3);∫ 1

0

x e(b x2) dx =
1
2

eb − 1
b

> i4 := Int(1/(1+x^3),x=1/2..1): i4=value(i4);∫ 1

1/2

1
1 + x3

dx =
√

3 π

18
+

1
3

ln(2)− 1
6

ln(3)

> i5 := Int(1/((1+x)*(1+x^2)),x=0..infinity): i5=value(i5);∫ ∞

0

1
(1 + x) (1 + x2)

dx =
π

4

> int(x^3*exp(x),x=-2..1);

−2 e + 38 e(−2)

EpÐshc me to prìgramma Maple mporoÔme na lÔsoume diaforikèc exis¸seic,qrhsimopoi¸ntac thn entol  dsolve .
S' aut  thn entol  mporoÔme na d¸soume kai tic arqikèc sunj kec tou probl matoc.

Par�deigma:
> restart;

> eq:=diff(x(t),t)+alpha*x(t)=0;

eq :=
d

dt
x (t) + α x (t) = 0

> dsolve(eq,x(0)=x0,x(t));

x (t) = x0 e−α t

To prìgramma Maple mporeÐ na qrhsimopoihjeÐ sthn an�ptuxh seir¸n. Autì petuqaÐnete me thn entolh series.

ParadeÐgmata:
> series(sin(x)/x,x);

series
(

1− 1/6 x2 +
1

120
x4 + O

(
x5

)
, x, 5

)
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> series(exp(x),x=delta,3);

series
(
eδ + eδ (x− δ) + 1/2 eδ (x− δ)2 + O

(
x− δ3

)
, x− δ, 3

)

Me thn entol  solve mporoÔme na lÔsoume mia exÐswsh wc proc mia metablht    mporoÔme na lÔsoume èna
sÔsthma.

ParadeÐgmata:
> z := {a*x+b*y=A,c*x+d*y=B}: solve(z,{x,y});

{y =
a B − cA

a d− c b
, x = −bB −Ad

a d− c b
}

> solve({x^3-6*x^2+11*x-6=0},{x});
{x = 1}, {x = 2}, {x = 3}

> solve({3*x+2*y=2,2*x-2*x*y+y=1},{x,y});
{x = 0, y = 1}, {x =

1
2
, y =

1
4
}

> solve(a+ln(x-3)-ln(x),x);
3 ea

−1 + ea

> eq := x^4-5*x^2+6*x=2: solve(eq,x);

1, 1, −1 +
√

3, −1−
√

3

Sto epìmeno par�deigma jewroÔme to parak�tw sÔsthma:
> eqns := {u+v+w=1, 3*u+v=3, u-2*v-w=0};

eqns := {u + v + w = 1, 3 u + v = 3, u− 2 v − w = 0}

> solve(eqns);

{u =
4
5
, w =

−2
5

, v =
3
5
}

'Otan se èna polu¸numo d¸soume thn entol  collect , tìte to polu¸numo gr�fetai kat� tic fjÐnousec dun�meic
thc metablht c pou epilègoume.

ParadeÐgmata:
> restart;

> p:=expand((1+x-a)*(1-x)^2);

p := 1− x− x2 + x3 − a + 2 ax− ax2
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> collect(p,x);

x3 + (−1− a)x2 + (−1 + 2 a) x + 1− a

> collect(p,a); (−1 + 2 x− x2
)
a + 1− x− x2 + x3

Sthn pr¸th perÐptwsh to polu¸numo eÐnai diatetagmèno wc proc tic fjÐnousec dun�meic tou x en¸ sth deÔterh
wc proc tic dun�meic tou a.

Gia na katat�xoume to polu¸numo wc proc tic aÔxousec dun�meic miac metablht c, qrhsimopoioÔme thn entol 
sort .

Par�deigma:
> restart;

> p:=expand((1+2*x)*(a+x)^2);

p := a2 + 2 xa2 + 2 xa + 4 x2a + x2 + 2 x3

> sort(p,x);

a2 + 2 xa2 + 2 xa + 4 x2a + x2 + 2 x3

Merikèc forèc jèloume na aposp�soume èna mèroc apì mia par�stash. Gia par�deigma, na broÔme apì èna
polu¸numo ton suntelest  miac metablht c pou emfanÐzetai se autì. Autì to petuqaÐnoume me thn entol 
coeff .

ParadeÐgmata:
> p1 := 5*x^6+3*x^4+x^2-2*x+3;

p1 := 5 x6 + 3 x4 + x2 − 2 x + 3

> p2 := 3*x^2-4*x^4+x^3-13*x+1;

p2 := 3 x2 − 4 x4 + x3 − 13 x + 1

Pio k�tw jèloume apo to polu¸numo p1 touc suntelestèc tou x3 kai x4, en¸ apì to polu¸numo p2 touc
suntelestèc tou x2 kai ton stajerì ìro.

> coeff(p1,x^3); coeff(p1,x,4); coeff(p2,x,2); coeff(p2,x,0);

0

3

3



1

Pio k�tw jèloume touc suntelestèc twn diafìrwn dun�mewn tou x pou emfanÐzontai sto polu¸numo p1.
> coeffs(p1,x,’powers’);powers;

1, −13, 1, −4, 3

1, x, x3, x4, x2

Pio k�tw jèloume touc suntelestèc twn diafìrwn dun�mewn tou x pou emfanÐzontai sto polu¸numo p2.
> coeffs(p1,x,’powers’);powers;

3, −2, 5, 3, 1

1, x, x6, x4, x2

Gia na fti�xoume pÐnaka sto Maple qrhsimopoioÔme thn entol  array   matrix .

ParadeÐgmata:
JewroÔme touc pÐnakec m1 kai m2. Ja upologÐsoume to m1 + m2, m−1

1 , 2m2 −m1 kai m1m2.
> m1 := array([[1,0,2],[2,-1,3],[4,1,8]]);

m1 :=




1 0 2

2 −1 3

4 1 8




> m2 := array([[-3,2,1],[1,0,1],[2,7,4]]);

m2 :=




−3 2 1

1 0 1

2 7 4




> evalm(m1+m2); 


−2 2 3

3 −1 4

6 8 12




> evalm(m1^(-1)); 


−11 2 2

−4 0 1

6 −1 −1






> evalm(2*m2-m1); 


−7 4 0

0 1 −1

0 13 0




> evalm(m1 &* m2); 


1 16 9

−1 25 13

5 64 37




Sta pio k�tw paradeÐgmata ja qrhismopoi soume thn entol  matrix. 'Estw oi pÐnakec:

A :=
[

1 −1 2
]
, B :=




3
2
1


 , C :=




1 −2 4
2 0 3
1 2 1


 .

Ja upologÐsoume (ìpou orÐzontai) touc pio k�tw pÐnakec: AB, CA, CAT , BT C, CCT , ACT B. Gia na to
petÔqoume autì ja prèpei na qrhsimopoi soume to pakèto linalg.

> with(linalg):

> A := Matrix ([1, -1, 2]);

A :=
[

1 −1 2
]

> B := Matrix([[3], [2], [1]]);

B :=




3

2

1




> C := Matrix([[1,-2,4],[2,0,3],[1,2,1]]);

C :=




1 −2 4

2 0 3

1 2 1




> At := linalg[transpose](Matrix ([A]));

At :=




1

−1

2




> Bt := linalg[transpose](Matrix([B]));

Bt :=
[

3 2 1
]



> Ct := linalg[transpose]( Matrix([C]));

Ct :=




1 2 1

−2 0 2

4 3 1




> evalm(A &* B); [
3

]

> evalm(C &* A);

Error, (in linalg[multiply]) non matching dimensions for
vector/matrix product

> evalm(C &* At); 


11

8

1




> evalm(Bt &* C); [
8 −4 19

]

> evalm(C &* Ct); 


21 14 1

14 13 5

1 5 6




> evalm(A &* Ct &* B); [
50

]

EpÐshc me thn bo jeia tou Maple mporoÔme na upologÐsoume ìria sunart sewn qrhsimopoi¸ntac thn entol 
limit   Limit.

ParadeÐgmata:
Pr¸ta orÐzoume thn sun�rthsh kai met� ja upologÐsoume ta ìria.

> y := (x^3+8)/(x+2);

y :=
x3 + 8
x + 2

> limit(y, x=-2);
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> y := sqrt(x^2+16);

y :=
√

x2 + 16

> limit(y, x=-3);

5

Diaforetik� mporoÔme na brÐskoume ta ìria wc akoloÔjwc:
> Limit(ln(x)/x, x=infinity): % = value(%);

lim
x→∞

ln(x)
x

= 0

> Limit((1-cos(x))/x, x=0): % = value(%);

lim
x→0

1− cos(x)
x

= 0

> Limit(cos(x)^(1/x^3), x=0, ’left’): % = value(%);

lim
x→0−

cos(x)(
1

x3 ) = ∞

> Limit(cos(x)^(1/x^3), x=0, ’right’): % = value(%);

lim
x→0+

cos(x)(
1

x3 ) = 0

H entol  pou qrhsimopoioÔme gia na anaparast soume grafik� mia par�stash sto epÐpedo eÐnai plot . En¸
gia na parast soume mia grafik  par�stash se treÐc diast�seic qrhsimopoioÔme thn entol  plot3d . Pio
k�tw ja d¸soume merik� paradeÐgmata.

ParadeÐgmata:
> plot(x*sin(x), x=-10..10);

–0.2

0.2

0.4

0.6

0.8

1

–10 –8 –6 –4 –2 2 4 6 8 10

x

> p2:=plot(x^3, x=-2..2, style=line):

> plots[display]({p1,p2});



–8

–6

–4

–2

2

4

6

8

–2 –1 1 2

x

> plot3d(x*sin(Pi*x*y),x=-1..1,y=0..1);

> plot3d((x^2+(y+1)^2)*(x^2+(y-1)^2),x=-2..2,y=-2..2);



> plot3d(sqrt(abs(x*y)),x=-2..2,y=-2..2,axes=boxed);
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Ask seic
1. Me tic kat�llhlec entolèc metasqhmatÐste thn mia par�stash sthn �llh kai antÐstrofa:

a) x + y +
1

x + y
,

(x + y)2 + 1
x + y

b) ex+y, exey

c) ln(
x

y
), ln x− ln y

d) xy+z, xyxz

e)
√

x2 − 1,
√

x− 1
√

x + 1

f)
x

x2 + x
+

2
x2 + x

+
1

(x2 + x)x
,

(x + 1)2

(x2 + x)x
.

2. Na upologÐsete aplopoÐhsete tic parak�tw parast�seic:

a)
ex + x

e2x + 2xex + x2
, b)

(x− 2)3/2

(x2 − 4x + 4)1/4

c)
√

x− y

x− y2
, d)

1
2 + 51/3

e) cos(x + y) + sin x sin y + 2x+y, f) 2 cos2 x− cos 2x

f)
x4 + x3 − 4x2 − 4x

x4 + x3 − x2 − 2
.

3. Na paragontopoi sete ta polu¸numa:

a) x2 − x, sto q¸ro Z2

b) x7 + x5 + 2x3 + 2x2 + 3x + 2, sto q¸ro Z5, Z7

c) 2x4 − 3x2 + x + 4, sto q¸ro Z7

d) 2x5 − 6x4 − 4x3 + x2 − 3x− 2, sto q¸ro Z7

e) x23 − x, sto q¸ro Z23.

4. Na breÐte tic timèc twn parast�sewn:

a) 3x2 + 4x + 5, sto x = 1

b) 9x3 + 5x2 + 2x + 10, sto x = 1,
4
3
, 2.45

c) 3x2y + y2 − 4xy, sto x = 1, y = −3.

5. Na breÐte tic parag¸gouc twn pio k�tw parast�sewn:

a) f(x, y) = ex2+y2
,

d2f

dxdy
,

d4f

dx2dy2

b) x2 + y2 = c,
d2y

dx2

c) h(x, y, z) =
1

x2 + y2 + z2
,

dh

dz
,

d2h

dx2
,

d2h

dxdy

d) g(x) = xnesin x,
dg

dx
sto

π

6
,

d2g

dx2

e) sin
√

x2 + a2, 1h − par�gwgo
g) sin3 x, 5h − par�gwgo



6. Na breÐte tic parag¸gouc twn pio k�tw sunart sewn mèqri deÔterhc t�xhc:

a) f(x, y) =
ln(1 + x4 + y4)√

x2 + y2

b) g(x, y, z) =
z

x2 + y2 + z2

c) h(x, y, z) =
1√

(x− a)2 + (y − b)2 + (z − c)2
.

7. Na upologÐsete ta pio k�tw oloklhr¸mata:

a)
∫

2√
4 + x2dx

, b)
∫ √

(1− cx2)3dx

c)
∫

1
x4 − 1

dx, d)
∫

1
x4 − 4

dx

e)
∫

sin 3x cos 2xdx, f)
∫

xeax2
dx

g)
∫

x10exdx, h)
∫ ∞

0

1
(1 + x)(1 + x2)

dx

i)
∫ 1/2

0

1 + x + x2

1− x + x2
dx, j)

∫ π/6

0

1
cosx + cos3 x

dx

k)
∫ 1

0

1
(x + 1)

√
1 + x2

dx, l)
∫ π/2

0

1
1− 2a cosx + a2

dx, a 6= 1

8. Na lÔsete thn diaforik  exÐswsh

dy

dx
= sin(πy sin x), me y(0) = a.

9. Na lÔsete thn diaforik  exÐswsh

d2x

dt2
+ tx3 = 0, me x(0) = 0, ẋ(0) = v > 0.

10. Na anaptuqjeÐ se seir� h sun�rthsh:

y = arctan x gÔrw apì to x = 0.

11. Na anaptuqjeÐ se seir� h sun�rthsh:

y = xxx

gÔrw apì to x = 0.

12. Na anaptuqjeÐ se seir� h sun�rthsh:

y =
1

1 +
√

x
gÔrw apì to x = 0.

13. Na lÔsete tic pio k�tw exis¸seic/sust mata:

a) (x− 1)(x2 + x + 1) = 0
b) w + x + y + z = 1, w + y = 0, 2w + z = 2, v + z = 0
c) (x + 1)(x+a) = (x + 1)2, wc proc x

d) x + y = 2, −2x + 3y = 5



e) 3x + y + w = 1, x + 3y + w = 8, x + y + 3w = 1
f) x2 + y2 = 25, y = x2 − 5
g) arccos 3x = 2arcsinx, wc proc x

h) |x + |x + 1|| = 1, wc proc x

i) (a2 − 1)x2 + (2a2 + a− 3)x + 2a− 2 = 0, wc proc x.

14. Na anaptuqjeÐ to polu¸numo
(x + y + z)2(x + y + 1)

kai na grafteÐ kat� tic fjÐnousec dun�meic a) tou x, b) tou z, g) tou y.
15. Na anaptuqjeÐ to polu¸numo

(x + a
√

(x) + bx1/3)3 + (x + b
√

x)2

kai na to diat�xete kat� tic aÔxousec dun�meic x.
16. Na anaptuqjeÐ to polu¸numo

(x + y + 1)3(x + 3y + 5)

kai na to diat�xete kat� tic aÔxousec dun�meic x.
17. An

f = (a0 + a1 sin x + a2 sin 2x + a3 sin 3x)4

na breÐte touc suntelestèc tou sin kx kai cos kx gia k = 1, 2, 3.
18. An

f(x, y) = (x + y + 1)5(x2 + y + 2)2(x + y2 + 3)

na breÐte touc suntelestèc twn x3 kai x5.
19.An

A =




1 2 3
2 3 0
4 8 5


 , B =




3 8 −2
4 7 −1
0 3 5




na upologÐsete ta A−B, 2B2 −A, A−1, 3BA− 4A3, AtB.
20.An

A =




1 0 2
2 −1 3
4 1 8


 , B =



−3 2

0 1
7 4




na upologÐsete ta A−1, AAt, BtAB, (2A + BBt)At.
21. Na upologÐsete ta pio k�tw ìria

a) lim
x→0

(
a sin bx− b sin ax

x3

)

b) gia y =
(

x

1 + x2

)x/(1−x)

, na breÐte ta lim
x→0

y, lim
x→0

y′

c) lim
x→∞

(1 +
π

x
)x

d) lim
x→0

xsin x

e) lim
x→∞

(2x + 3x)1/x

f) lim
x→∞

ln x

x

g) lim
x→∞

ln x

ex



h) lim
x→∞

x2 + sin x

2x2 + cos 4x

i) lim
x→0

2
1 + e−1/x

.

22. Na parast sete grafik� tic pio k�tw sunart seic:

a) y = 15x5 − 15x4 + 20x3 − 330x2 + 600x + 2, 0 < x < 3
b) y = ex + ln|4− x|, 0 ≤ x ≤ 5
c) z(x, y) = x(x2 − 3y2), −1 ≤ x, y ≤ 1
d) y3 + x3 − 9xy + 1 = ±1, −2 < x < 5, −2 < y < 5.


