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1.8. Differentiation (definition and rules)

- Definition of derivatives

4y _ f(x+Ax) — f(x)
— = lim

dx Ax
Ax—0

Example 1: if y=x?find % by using Definition

of derivatives.

Solution//
5= limf(x + Ax) — f(x)
Ax—0 Ax
5 = lim(x + Ax)? — x?
Ax—0 Ax
5 = lim (x% + 2xAx + Ax?) — x?
Ax—0 Ax

y = 2x
Exercise 1:if y=x3find Z—i by using

Definition of derivatives.
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Rules of derivatives

__dy _ d’
Y=ax ¥ T dx?
Assume UT and WV are differenfiable functions of (x).
- d —
1. Constant: o {(c) =20
. 4 _ du  dv
2. Sum: ItMl_f‘u,+1ﬁ'j—M—I—m:
5 ) o _ du a1
3. Difference: o (u—v]—ﬁ—ﬂ
4. Constant Multiple: = (C.u) = ¢.2%
: PIe e = &
- @ B R 1
5. Product: E(u.v}—u.ir+ V.
el AL ‘Hdu. HE
- - RS o . “dx “dx
6. Quotient: — (u) o
- i o n—1
7. Power: - X =n.x

8. Chain Rule: if y=f(u), u=g(x)

dy dy du

dx du dx

9.Parametric Equation: if X=f(t) , y=f(t)

dy
dy _ 4t
dx dx
dt
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10. Implicit Differentiation
x’y—xy*t=y Implicit
Y=x%+2x+2 Explicit

1.9 Derivatives of trigonometric function

d, . _ du
1. a(smu )=cos u.——
d - du
2. E(cosu )=-sin u.—

d —ean2,, du
3. dx(tanu )=sec”u e

du

da — g2
4, dx(cot u)=-csc“u e

d _ du

5.. a(sec u)=secu.tanu —

d _ du

6. E(csc u)=-csc u.cot u e
Example 1: Find %.y =2x*+5x*+x+19

Solution//

d
—y=8x3+10x+1
dx

Example 2: Find %.y = (x*+1)°

Solution//
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d
d_ic, =5(x%+1)*« 2x = 10x(x* + 1)*

Example 3: Find %.y = [(5 - x)(4 — 2x)]?
Solution/

dy _5 1
i [G-=x)(4—-2x)]"(5—-x)*(-2)+ (4 —-2x) * (1)

4
Example 4: Find %.y =3x*+2x+19
Solution/
dy

—=12x3+2
dx X’ +

d?y
— 2
dxz = 0%

d3

y
a3
d*y
— =72
dx*

Example 5: Find 2 if y =u?+2u+1andu=VaZ + 1

Solution//
dy 2u+2 du ! 2
—_— . —_— *
du~ " dx ~ 2 +1



Mathematics |

dy dy du 2u +2) 1 5
—_— —_— % — = ¥ — %
dx du dx v 2vVx2 + 1 (22)

dy X
— = (2Vx2+1+2
ax ~ ¢ )\/x2+1

Example 6: Find ~ 2X.if y = 263 — 6t and x = t2+2t

Solution//

dy dx
—=6t>—6 .— = 2t+2
di ar -~ “tt

dy
dy_ﬁ_6t2—6_3(t—1)(t+1)_3t X
dx dx 2t+2 (t+1) =3( )

dt

Example 7: Find %.given X’y —xy* +x2+y*2=0

Solution//

dy dy dy
22y _ a _ .2 ay _
X dx+y(2x) x2y x Y +2x+ 2y I 0

d

d—:;[xZ —x2y +2y] = —2yx +y* — 2x
dy -—2yx+y*-2x
dx  x2—x2y+2y

2
Example 8: Find %.y = x?sinx

Solution//
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dy .
— =x“cosx+sinx *2x
dx

dZ
d—x};:xz * (—sinx) + cosx *2x +sinx *x2 + 2x x cosx

dy —2

Example 9: Find Y= csc3Vb5x

Solution//

dy 2 =5 5
— = ——c¢sc 3 V5x*—cscV5x *x cotV5x *
dx 3 2V 5x

Example 10: Find %.given sin xy = tan?x? — sin(x +
y)+3m

Solution/
dy 2 2.2
cos xy*(xdx+y*1) =2 tan x“ * sec” x“ * 2x

x+y)«(1+ dy
— * —
cos(x +y) * ( dx)

X COS XY * d—i’ + y * cos xy) = 4x tan x? * sec? x?
dy
—cos(x+y)—cos(x+y) a)

dy

x [x cos xy + cos(x + y)] = 4x tan x? = sec? x?

—cos(x +y) —ycosxy
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dy 4xtanx® «sec’x* —cos(x+y) —y cosxy
dx X cos xy + cos(x +y)

Example 11: Find y=tanx prove that % = sec®x

Solution//

sinx

=tanx =
y COS X

dy cosxx*cosx—sinx*—sinx cos?x + sin®x

dx cos’x cos’x

dy 1
dx cos’x

= sec?x

Example 12: if y = sinx proof that % = COS X

Solution//

dy l_mf(x + Ax) — f(x)

dx Ax
Ax—0

dy . sin(x + Ax) — sin (x)
— = lim
dx Ax-0 Ax

dy . sin(x)*cos (Ax) + sin (Ax) * cos(x) — sin x
= lim
dx Ax

dy . —sin(x)(1— cos (Ax)) + sin (Ax) * cos(x)
— = lim

X Ax
Ax—0

44



Mathematics |

dy . —sin(x)(1--cos(Ax) . sin(Ax) cos(x)
— = lim ( + lim (
dx Ax-0 Ax Ax~0 Ax

= CO0SX

45



