Mathimatics 1

Lecture 2

Department Computer Engeneering
Dr. sarah alameedee



Differentiation Al-Mustagbal University Collage

The Derivative

Definition: The derivative of the function y =f(x) with respect to the variable x
is the function y * or (f*) whose value at X is:
4y _df(x)

“ix - dx )
ay .. fx+h)—f(x) o _
I hmh—>o - :> Definition ofDerivative
h=Ax
i _dy .
Example: Use definition to flndd—z if y = f(x)= x°.
Solution:
dy _ f(x+h)—f(x) dy . flx+h)3—x3
ax = 1My h dx }}L% h
3 2 2 3_,3 2 2
— iy 3 xR A3xh24 RO y—> _ iy PG xP43xh+ h?)
h—-o h h—o h
-’111m(3x + 3xh + hY)= 3%
—0

(Derivative Rules)

General formulas Trigonometric functions

Q) %( ¢ )=0(The derivative of a constant function is zero.) {J (1) %(Sin X)=CO0S X

2 %(X)=1(The derivative of the identity function is 1.) (2) %(COS X)=-sin X
d d d
(3)E(CU):C£(Constant Multiple) (3) —(tan x)= sec’
(4) L (cot )= -csc™
d _du  dv dx
(4) ——(U+V)=——+——(Sum Rule) (5) ——(sec x)= sec x tan

6) %(csc X)=-CSC X cOot X

d du dv .
(5) E(U-V)—E-E(leference Rule)

Chain rule
d _dv | du Letu=g(x) andy =f (u).
(6) E(UV)—UE +VE(PrOdUCt RU'B) Then, y =f (U) =f (g(X))

y'=T1(g(x)*g'(x)

du dv or

( ) Vi Y dy dy ,du
1)— _— rovided that v # 0 (Quotient Rule = = 2
(7) dx v v P Q ) dx du dg

d
(8) _(_)— DfOVldEd that x # 0 Whereﬁ is evaluated
at u=g(x)

(9) E(X )=mx™*(Power Rule)
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Example : derivative the functions:

dz*d
1) y:8dx E(S)ZO

3@y d s 31 a2
2) y=x m(x)—3x =3x

d d
3) y-3x3—y»—(3x3) = 3*3x31=gx’
4)y=x" +:x ox+1 2=l L 4x2

Lot X ) - G+ (1)

4 8
=3x2+§*ZX—5+O=3x2+§x-5

B) y = (x*+1)(x*+3)

From product rule with u=x’+1 and v=x*+3, we find
L= [(C+1)(CH3)] = (1) (1) +(+3)(2X)

=3x" + 3x? +2x*+6x = 5x* + 3x% +6x.

2

-1 ] .
6) vy= i2+1 We apply the quotient rule with u=x? — 1and v = x* +1:
d_y . (x2+1)*2x— (xz—l)*Zx _ 2x342x—2x34 2x _ 4x
dx (x2+1)2 a (x2+1)2 T (x241)2

A b a2
7 y_x3 *E_dx( ) _4dx(x )=4(-3) X T x4

8) y=(3x*+1)*chain rule)
Lety =T (u) =f (g())y'=f'(9(x)) * g'Q

=2(3x% +1 )*1.(3*2 x*1+0) =2(3x* +1 ) *6x=36x°+12X
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Chain Rule:
Example: ify =u®-1and u=2x, Example : if y = 5u’and x = u®
find —. , find—.
dx dx

Doy de 3200 = goxy2= 24x2 | W —dy ydx _15u? _ 15u _ 15k
dx du dx dx du’ du 2U 2 2
Example: derivative the functions:

1) y= x3-sin x y ' = 2X— COS X

2) y= x*sin x y ' = X%* cos X + sin X *2x = xc0Ss X + 2X sin X

3) y=sin 2x y' =c0Ss2x* 2 =2 cos 2x

4) y=sin (x*-x) y' = cos(x*-x)*(2x-1) =(2x-1) cos (x*-x)

5) y = sin®3x y
4
6) y=

cos x tan x
7) y= (sin x+ cos x)sec X

+

y = 4 sec X +cot X

= 5 sin>!3x *cos 3x*3 =15c0s 3x sin*3x

y ' =4 sec x tan x — csc’x

Y =(sin x +cos x)
C

v d d , . 0S X
y ' = (sin x+ cos X) —( sec X) +sec X — (sin X+ CO0S X)
. dx dx . Y=tanx+1
= (sin X +C0s X ) sec x tan x + sec X (cos X — sin X)
_ (sin x+cos x )sin x  (cos x—sin x) Y' = sec’

cos x
X—cos x sin x 1 2
=——_=SeCc X
cos“x

cos?x

sin?x+cos x sin x+cos 2

cos?x

Implicit differentiation:

Example :
1) y*-x=0 y2=X
2) X*+y*-25=0

—X —X

y V25—x2

3) X*+y*-9yx =0

Ve YT
2y y ' =-2X

2yy'=1

3 +3Y°y' —(9y*1+x*9y')=0

3y’y'-9xy'=-3x"+9y =) (3y*-9x)y'=9y-3x°

_ 9y—3x2
" 3y2-9x

3y—x2

y2-3x
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Tangent and Normal equation to the curve:

yA

curve

Normal to the curve

o, Yo)

Tangent to the curve

»
»

Tangent equation to the curve

Normal equation to the curve

The equation of tangent to the curve
y=f(x) at the point (X, , Y ) IS :

(y'YO) =m (X'Xo)

Where m is the slope of the curve the
point (Xo , Yo )

m=y'

The equation of normal to the curve
y=f(X) at the point (X, , Y, ) IS :

(Y-Yo) = My (X-Xo)

Where m; is the slope of the curve the

point (Xo , Yo ) =
m=——
m

Example :Find an equations for the tangent and normal to the curve

2 :
y =X +;at the point (1,3) .
Solution: the slope of the curve is

m= y'=1-(2/x2)

the slope at the point (1,3) y'(1)=1—(2/x2)=-1

-tangent equation (y-3) = (-1) (x-1)
y+x-4=0

-normal equation

(y-3) = (-1/-1) (x-1)
y-X-2=0

Higher Derivatives:

Higher Derivatives:
If y =f(x) ,then

First derivative:

v e d
v £, o

2y

d
dx?
Third derivative: y"™, f "'(x) , d

Second derivative: y", f*(x) ,

nth derivative: y ", f"(x) , jxn

Distance , Velocity and Acceleration :
Time : -t
Distance - s(t)

-v(t)
- a(t)

Velocity

Acceleration
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Example :Finding higher derivatives. y = x*-3x* +2

Solution:
y' = 3x%-6x
y"=6

:> "= 6X-6
=

Example: A body moves along a straight line according to the law s=§t3—2t
. Determine its velocity and acceleration atthe end of 2 seconds.

Solution
B3 5 392 9 gmy a=2o
Tdr oz STz Tt s o T

H.W:

Q 1. Find f'(x) by using definition.

1 f(x) = x"j

2 . f(x) = vVx

Q 2. Find the first derivatives.

3t =3*2=6M/

y =6 x° — 10x — 5x~

W = (2X -7 ) ( X+5)

y = (3%) (- x-1)

Vs—1 (= 1 5 _ 5x+1
f(S):\/E-I-l T 342 2g - 2Vx
W= (o) (3-2) _gxsel fwEEr Dz DE)
t
y = (5x°- x*)’ y=v3x2— 4x+6 y(x) = x°(x° -t)°
_ X N\-7 (x+1)(x+2) _ X
=(1- - =9 tan(=
y=@Q2-7) TENTEN y )
y = X COS X y = sin X tan x y = sin’(2x)
y=(sec x+tan x)(sec x-tan x) g(t) = tan(5- sin 2t)
g(x) = (2-x)tan’x y = sec(tan 3x) r = sin(e”) cos(2e)
q=COt(SH;t) y= x* sec(%) y=cot(n-§)
tan 3x 1 - 1
Y= Gy r(e) = secyx tan (-) q=sin (=
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Q3.Find3—z.

1. y=6u-9 , u=x"2 2. y=sinu , u=3x+1

3. y=sinu , U= X-—COSX 4. y=uu ,x=u"-u+1
Q4 . Find %

1. y+x° =18xy 2 .y* = X"+ sin (xy) 3. X cos(2x+3y) =y sin x
4. x3=igi 5. yzzﬁ 6.y+sin(}l])=1—xy
Q5 .Find y" .

1. 2x* -3y’ =8 2. 2/y =x-y

3. x> +y°=16 , atthepoint(2,2)

Q6.

show that the point (2,4) lies on the curve x* +y®—9yx = 0 . then find the

tangent and normal to the curve there.




