Derivative

3

_x_l_x2
Yy =35

=0_E

=&

=4

=0.2

—-0.2

iy S



Derivative

3

_x_l_x2
Yy =35

xo = 0.4;y, = 0.101333

=0_E

=&

=4

=0.2

—-0.2

iy S



Derivative

3

2

y — .X'_ 1 X_ 1 (x3,¥3
3 2

xo = 0.4;y, = 0.101333 | _

5 0.4 yd
X3 = 1;y3 — g /,ﬁ

1., (%0, Y0) /
— - -F-‘d--d-f




Derivative

x> . x? |
y=375
xo = 0.4;y, = 0101333 | _
— 1 . 5 404
X3 = 1;,Y3 = 6
402 \ )




Derivative

3

_x_l_x2
Yy =35

xXo = 0.4;y, = 0.101333

5
x3=1i)’3=g

=0_E

=&

=4

=0.2

(%0, Y0)

(x3,¥3)/ .~

— Y3~ Yo

—-0.2

iy S




Derivative

3

_x_l_x2
Yy =35

xo = 0.4;y, =0.101333 1.,
5 <04
x3=1,y3 = g




Derivative

x3 . x4 |
y=37
I >y3‘yo
xo = 0.4;y, =0.101333 1., X3~ Xg
—1 . 5 <04
X3 = L;Y3 = 6
1., \ )
| |




Derivative

3

_x_l_x2
Yy =35

xXo = 0.4;y, = 0.101333

(.X'3, Y3 o

/ ‘
7’
.
.
e
.
.
7’

’,
’
.,
’

Y2—=Yo
X2— X

+os
(xZJ){Z»)/
0.5
0.4
— Y2~ Yo
(X0, ¥0)

+02

e .l : | | .l

0.2 0.4 0.4 0.8 1 1.2 I.4

402 \ )




Derivative

3

X (x3,¥3 .
= — -+ T L
Y73

X2
2

.,
.,
,
,
’
,
’,
’
.,
’
,
.,
’
.,
’
.,
’
.,

xo = 0.4;y, = 0.101333 | (X2 Y2/

=&
Y1~ Yo
X1~ Xo

I vy
x = 0.6;y; = 0252 o Gy,
/’/,;_/

f
iy S




Derivative

3

_x_l_x2
Yy =35

xXo = 0.4;y, = 0.101333

X1 = ()..(3; Vi = 0.252 -

=0_E

=&

=4

=0.2

e
e
.
,/
P
e ,
. Lo
X “ -
) P e
2 .
. //-.__.-"'
/, ld
| .
.
e e
4 -
. P
.

;o
(x3,¥3)/ .~

.
. -7
. -
. e
g &
-
X i 1
-
2, Y2 .
e
e =
-
. -
. -
. -
. -

._.l'

Y1~ Yo
X1~ Xo

. Y—Yo
lim ————
x—>x0x — XO

—-0.2

iy S



Derivative

x3  x?
=3

0.101333

Xog = 04', Yo

=0_E

=&

-
-
-

0.4 Y1) -
- ,/ //-.__.-"'
,/ /,’ .-__-”’/

. -
. -
. e o
s 1 -
.

>

=0.2

4
_____;.’-e;,;/
e
0 g T | | | | L
T [ [ | | I~ |
_--01 .- 0.4 0.4 0.8 1 1.2 1.4
- — z// //




Derivative

x3+x2
y=377
. Y —XYo
lim
xﬁxox—xo




Derivative

x3+x2
YT=3 Y
x3+x2 X5  X§
lim 2—2% = Jjm 52— 2% 3 2




Derivative

3 2

y-y ) x3-xg
lim 2= lim 2—2—3—-2 = |im 0
X—Xg X—Xg X—Xg X—Xo X—Xg 3(x—xg)

x?—xp

+ lim

x—xg 2(Xx—x)



Derivative

X3 . x2
Yy =T
3 2
y—y LS x3-x3 x2%—x?
lim 2 = |lim 2—2—32—2 = |lim > + lim 0
X—Xg X—Xo X—X X—X0 x—xg9 3(Xx—Xx0)  x-xq 2(x—x0)
 xZ 2 1. (x—xp)x+xy) 1 _ \
lim = — lim =—lim (x + xp) = limx

x-x9 2(X — Xg) 2 x-% X — Xg 2 x—xq X—Xg



Derivative

x3  x?
y="Z+>
3 2
Yy x3  x? x%_x% 33
lim 2= lim 2—2—3—-2 = |im o + lim x
X—Xg X—Xo  X—Xg X=X x—xg 3(X—x0)  x-x,
ox3—x3 1 (x —x0)(x%? +xx9 +x5) 1 , . o
lim = — lim =— lim (x* + xxo + x§) = lim x
x-x9 3(Xx — x9) 3 x-xg X — Xo 3 x-x, X—X



Derivative

x3+x2
Y T3
x3 x2 xg x§
lim 2222 = |im 2232 = [im (x24x) = x2 + x,

XX X—X0 X—Xq X—Xo X—Xg



Derivative

3

_x_l_x2
Yy =35

xo = 0.4;y, = 0.101333




Derivative

3

_x_l_x2
Yy =35

xo = 0.4;y, = 0.101333

dy

— =x?+x 1,

dx




Derivative

x3 x?% +
y="F+>
3 2
=5 2
—Xx1 +Xxq
==&
19 (x1,¥1)
d (%0, Yo0) |
y 2 ===.2
— =X+ X ==
dx ______,_.--"""_F ///
- — e D | ] | |
| P | | | | | |
0.2 P 0.4 0.6 0.8 i 1.2 {4
R \ )
—-0.2 -7 !



Derivative

[ plot (y =-1/x), x from-10to 10

derivative -1/x

derivative -1/%, x=0

BEEY

Input interpretation:

1
plot y=-- x=-101to 10
X
Plot:
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a 1
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Result:

Limit from the left:

) a 1
hm —[——]=m
x=0" dx\ x

Limit from the right:



Derivative

3 2

X X
= —+—49
Y 3 2
x3 x2 xp xb
Y=Yo 3950

lim = lim = lim (x%4+x) = x5 + x,
X—>Xg X—X0 X—Xq X—Xo X=X



Derivative

3 2

X X
=—+—49
Y 3 2
x3 x2 xp xb
_ X y9-X0 X0 9

lim 222 = |im 2—2—3 2 — |im (x24x) = xZ + x,
X—>Xg X—X0 X—Xq X—Xo X=X

dy

— =x%+x

dx



Derivative

3 2

X X
y—?+7+9

2
— =X"tX
dx



Derivative

3 2 X3 x2

y=%+x7+9 y:?+7—11

2
— =X"tX
dx



Derivative

x® X 2 X —x—3+x—2+314

<
<

2
— =X"tX
dx



Derivative ]

- x%4+x

- x%+4x




Derivative

x® X 2 X —x—3+x—2+314

? j(x2+x)dx

2
— =X"tX
dx



Derivative

x® X 2 X —x—3+x—2+314

5 f(x2+x)dx

<
<

2
— =X"tX
dx



Derivative

x® X 2 X —x—3+x—2+314

?‘J(x2+x)dx

2
— =X"tX
dx



Derivative

y=?+7+c
f(x2+x)dx

d v

A R

dx






Differential equations

* Velocity:
* If the velocity is constant
_ 4y

Y’



Differential equations

* Velocity:
* If the velocity is constant
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* As afunction of t
d
v(t) = —

dt
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e Acceleration:
* |f the acceleration is constant

B dv
T
m
e Earth: a= 9'81S_z
m
* Moon: a=x162—
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Differential equations

* Velocity:
e As a function of t
dy
U(t) = E
v(t)dt = dy
j(at+v0)dt = de

at?
T+v0t+y0:y:>




Differential equations

dy =10
t) = — Yo
v(t) o
dv
981 = — Vo =0
dt

rovnice = {y'[t] ==Vv[t], V'[t] == 9.81}

podmienky = {y[©0] ==10, v[0] == 0}

premenne = {y, v}

riesenie = NDSolve[{rovnice, podmienky}, premenne, {t, 2}, Method - "ExplicitRungeKutta']

ParametricPlot[{y[t], v[t]} /. riesenie, {t, 0, 2}]
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dy y*

— =——2y+9
dt 9
derivative 9 - 9/(t+9), t from -15 to 0 [ (9 -9/(t+9))*2/9-2(9 - 9/(1+9))+9, t from-15t0 0
B e EHS B E EHS
Input interpretation: Input interpretation:
a 9 1 9 9
] e . L ot o (9- =] -2(9-—)+9  t--15100
P at t+9 . g 9 t+9 t+9 ! -
Plot: Plot:
12
10
B
B
4
2
14 -12_ _-10 -8B -6 -4 -2 14 -1z -10




Differential equations

dy y? t=0=>y(t) =8
—=——-2y+9
dt 9 <
n[19]= eq = y'[t] ==y[t]*2/9 - 2y[t] + 9
con = y[0] ==
sol = NDSolve[{eq, con}, vy, {t, -8, -2}]
Plot[y[t] /. sol, {t, -8, -2}, PlotRange -» All]

+ 2
out[19]= y'[ t] ::9—2y[t]+y[ !

Out[20]= y[O] == 8
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