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Definition of the derivative

Recall: As in the homework, we find that

0 Z(c)=o0.

@ Z(x) =L

0 & (Vx) =55
° & ()=

Next we want to find the derivative of the power function f(x) = x", for
any non-negative integer.
We will use the following:
0z —x" =
(Z _ X)(Zn_l —|—Zn_2X—|—Zn_3X2 4. —|—Z2Xn_3 —|—ZXn_2 _‘_Xn—l).

-~

n terms each of power n—1
f(z)—f(x)

4 f/(X) = Iimz_>x T x
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Power Rule

Theorem
% (Xn) — an—l
Let f(x) = x", then
f'(x) = lim 7“2) —f(x)
Z—X Z— X
Lozt —x"
= |lim

z—x Z— X

(Z—X)(Z"_l+Zn_2X+---+ZX"_2+X"_1)

/

n terms each of power n—1

= lim
Z—X (z —X)

= lim (Zn_1+2n_2X+ n—3 2+ '+22Xn_3+ZXn_2+Xn_1)
Z—X

n terms each of power n—1

:Xn—l —|—Xn_2X+ n—3 2+ '—|—X2Xn_3 +XXn_2+Xn_1)

~~

3/12

. Abdulla Eid (University of Bahrain)



Continue...

= lim (anl —|—Zn72X—|— n—3 2+ .+Z2Xn73+zxn72 _i_anl)
Z—X

n terms each of power n—1

=anl —|—Xn72X—|— n—3 2+ +X2Xn73+xxnf2_‘_xnfl)

-~

n terms of power n—1

— anl _i_anl _i_anl + RN _|_an1 _|_an1 _'_anl)

-~

n terms of power n—1
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Example

0 2 (x5) = 5x.

Q d% (Xz) = 2%

0 < (x3) = 3x2.

Q0 L(x)=1"=1

9 2 (x°) =exs L.

(6 dix (X—lo) _ 10X—10—1 —_
@ (V) =d(x?)=

o 4 (#7) -4 (1) -
@ & (ovs) = () -

—10x~ 11,
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Constant Factor Rule

Theorem

d d
o (cf(x)) = € (f(x))

Let F(x) = cf (x).

F(x+ h) — F(x)

d L
a(c-f(x)):F(x)— lim

h—0 h
Q€ f(x+h)—(c-f(x))
h—0 h
B c-f(x+h)—1~f(x)
Ak h
_ clim f(x+h)—f(x)
h—0 h
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Example
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Sum Rule

Theorem
d% (f(x) +g(x)) = cd% (f(x) + dii (g(x))) }

Let F(X) = f(x) —|—g(x)_

F(x<h) — F(x)

9 (F(x) +g(x) = F'(x) = lim

dx h—0 h
A0 h
i Xt ) g (x4 h) — f(x) —g(x)
h—0 h
_ jim fx N = F(x) | glx+h) —gx)
h—0 h

d d
= = (F(x) + 5 (8(x)
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Example

(Old Exam Question) Find y’ and simplify:

0y=%-2.
Q y=x%(4x+6).
Qy—B“.
YZJF@EHMQ
Q0 x3—In2. )
Solution:

QO y=1-2x2 5y =3x+4x73
Q y =4x3+6x> =y =12x> + 12x.

Q@ y=x0+x3 =y =6x>+3x2%

:X2—|—i3.

X

@ y’' = O.since all functions are constant functions.

Q y =3x°
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Example

(Old Exam Question) Find all the points on the curve y = x3 —3x + 6
where the slope of the tangent line is 9.

Solution: Recall that the slope of the tangent line is the derivative, we
need to find the derivative and make it equal to 9.

Slope of the tangent line =9

f'(x) =9

3x*—3=9

3x2—12=0
x =2 or x = —2 by the formula in Section 0.8

The points are then
(2,8) and (—2,4)
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Example

(Old Final Exam Question) Find an equation of the tangent line to the
curve f(x) =5 — /x at x = 1.

Solution: Recall that the slope of the tangent line is the derivative. so we
have

X

Hlo

1
f(x) =5 xi f'(x) = 2

1
1)
m—f(l)—4

Now x; =1 and y; = (1) = 4. Hence the equation of the tangent line is

y =y =m(x—x)
1

y—4zz(X—1)
4y —16 =x—1
4y —x =15
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Exercise

(Old Final Exam Question) Find an equation of the tangent line to the
— Vx(2=x?)

< at x = 4.

curve f(x)
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