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(18) 3.2 Definition of Derivative (B)

. fO) = f(a)
e
Gaa =F- T AR - FG)
F100 = Jm =
A = fim [+ D =@
I h—0 h
Example 1
44 gNg‘égg‘bef Use the definition of derivativeto find f\(x) where f(x) = x +Vx
15 July 1996
Solution
f\(X) _ }lli% f(x + h})l_f(X)
_ X+h+Vx+h—x—Vx  h  Ax+h—+x
T n ol i aEs
. (Vx+h=-vVx)Wx+h+Vx) | Aitidhs— 8
=1+ lim =14 lim
R0 h(Vx +h+vVx) =0 h(Vx+h+Vx)
. h _ o 1 PR
3 LS e v AT ) o A
Examgle 2 August 7, 2011
1w i o =< (0]
3. (4Points) Let f(x) = Is f differentiableat x = 0 ? (justify your answer )
3 if x>=0.
Solution

1ir(r)1_ fle)yr=1

X—

lim f(x) =3

x—0%

lim f(x) # lim f(x)
x—=0~ x—-07

f discont.at x = 0

f not differentiableat x = 0




(18) 3.2 Definition of Derivative (B) P2

Example 3

24 November | Usethe definition of derivativeto find £\(x) where f(x) = x? + sinx
3, 1998

Solution
f(x) = x? + sinx
f(x+h) = (x+ h)?+sin(x + h)
flx+h)—fx) i (x + h)? +sin(x + h) — x? —sinx

\ — 1
R ;
. (x + h)? — x? . sin(x + h) — sinx
= lim + lim
h—0 h h—0 h
_ x? + 2xh + h? — x? _ sinx cosh + cosx sinh — sinx
= lim + lim
h—0 h h—0 h
_ 2xh + h? _ (sinx cosh —sinx) + cosx sinh
= lim —————+ lim
h—0 h h—0 h
_ h(2x + h) ) sinx(cosh — 1) + cosx sinh
= lim, ———+ lim
h—0 h h—0

h
(cosh—1) _ sinh
—— + cosx lim
h h—0

=2x+sinx(0)+cosx (1) =2x+ 0+ cosx = 2x+cosx

= lim(2x + h) + lim sinx
h—-0 h—-0

DIFFERENTIABLE AND CONTINUOUS FUNCTIONS

x? if x<1
Let f(x) =
Example 4 Ax+B if x>1
Find A and B sothat f\(x) isexist
Solution
lir‘{l_ f(x)=lirr} =71
lin11+f(x)=lirr} Ax+B =A +B
« f is differentiable .. f is cont
lim £ = lim, £(x)
~A+B =1
B=1-A
| LI Gl rQ) o kil SR S x + 1) .
\ - —_— - —_— —_
Al ety - el S s et il
) flx)—f(Q1) ) Ax+B—-1 ) Ax+1—-4 -1 _ Ax—A
\+: —_———— T e e ——— —_—
RSY T e il ey T R —1 P TEE
1l 4Gz 1)
= lim —— = A4
x-1% =

« f is differentiable -~ f(17) = f(1%)
vAR=2
Iafl == 111 ==Vt el |
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(18) 3.2 Definition of Derivative (B) P3

(il skt
Example 5 | Le f(x)={ e =1

1 December 3 I
1992 k 0 If 20k %= 0
Use the definition to determine whether £\(0)exists or not
Solution
x2 i l\/xz 3 &

xx2+ if x>0
f(x) = 0 if x=0

—xyx24+1 if x<0

. f-f(a)
f\Ma) = lmé g
Sl 2 ) goeel RETIGH, o7 _
FMoY) = Jim, % = xlijgax x;+1= Jlim, Jx2 41 =1
» fM07) = FM0Y) - & f\M0) D.N.E

Acosx+ Bsinx if x>0

Example6 | & f¢ =

13 November 13, Ax?—x+3B if x<0
1995 Find the constants A and B for which £\(0) exists
Solution

£\(0) Exists

R asticont/lat =0

lim f(x)=1lim Ax?-x+3B =3B
x—0~ x—0~

lim f(x) = lim Acosx+ Bsinx =A
x-0* x>0t

a4 =038
(0) = Acos(0) + Bsin(0) = A
2 ) 2
x)— (0 Ax“—x+3B—-A Ax“—x+A—-A Axc—x
fN07) = f@ =0 _ lim = lim = lim
x 0— x—0 x—0~ X x—0~ X x—0~ X
| x(Ax—1)
= lim ————————hm Ax—1 = —1
=0 x>0~
X 0 Acosx + Bsinx — A Acosx —A) + Bsinx
FAN0) = lim M = lim = lim ( )
x—07% x—0 T x-0+ X x—0% X
. A(cosx — 1) B sinx
= |lim ———+ lim =0+B =B
x—0% x—0t b
fN0) exists - f\(o ) = f\0")
B= -1
A = -3
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(18) 3.2 Definition of Derivative (B) P4
x%sin—  if  x <0
Example 7 |Let f(x) = < Show that £\(0) exists
0 if x>0
Solution
. fl)—f(0) . 0-0
+) — oo _
MO =0 e T T T
2 e B
0D Sim T = lim xsin1
x—=0~ x—0 x—>0~ x
—1 < sin- <1
x < 0
=X = xsinl > X
Iim —x=Ilimx =0
x—0% x—07t 1
f(o™ = lim xsin; =0
f(0") = f(07)
fAN0) =0 - = f\(0) Exists
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(18) 3.2 Definition of Derivative (B) P5

Homework
; Use the definition of derivative to find £\ (x), where
12 November f(x) =vVx+1 wherex > —1
1995
; Let f(x) =vV1+x2 .Findf\(x) from the definition of derivative
3 x> —x+1 if x<1
= Given f(x) =
42 March 29, x3 if 1<x
2006 Find f\(—1) and f\(1) if they exists or explain why, if any of them does not exist
(xz + k7
c if x>0
Let fx) = {
é ¢ if <0
kx2 2 a0
Use the definition to find the derivativeof f at x = —2 if it exists
2sinx+cosx if x<O
Find the constantsAand Bsothat  f(x) =
9] Ax+B  if x>0

6 January 6, 1993

Is continuous and differentiableat x = 0

x°+2x+1 if x<0
Let f(x) =
Q 1+sindx if x>0
Use the definition of derivativeto find A sothat f isdifferentiableat x = 0
Test the continuity and differentiability of the function
7 x2+2x+2 if x<0
L fe) =
2+ sinx if x>0
3 + sin Ax if x>0
8 Let f(x) = {
11 August 11, 2 :
Wil x“+2x+3 if x<O0

Use the definition of derivativeto find A sothat f isdifferentiableat x = 0

HOSSAM GHANEM 65168855 PRUEFIIVEN




(18) 3.2 Definition of Derivative (B) P6

Homework
sinmx, x <1
Let flx) = {
9 A(x?2 - 1) + B, x > 1.
Find 4 and B so that f\(1)exists.
cosx ,if x <0,
10 [tee  f@= {
21 May HE Ntk | | 7 = 0
27. 2001
Use the definition of the derivativeto find f'(0).
A-RI200NMiT] 1|0 <L)
11 |tet @)= {
19—July 2—Bx? if x>1.
29, 2
il Find all constants 4 and B so that f isdifferentiableat x = 1
cosx, x=0
12 Let f(x) = {
23 April Ax+B, x<0
2l,2000 Find 4 and B so that 1 isdifferentiable at 0.
Let h be differentiable on (—, 0 ) and h’(0) = 2 Find the constant 4 so that
13 h(x) — h(0)
17 January X 1<x<0
8,1997 f) =4 vx+1-1 is continuous at x = 0
A x=>0
Use the definition of the derivative to show that the following function is
1
differentiable at = —
14 e
25 ( 1
January 12 [cos(2x — 1) + 4x? — 2x ,if x < S
.2003 f(x) =
2 ! if . !
2% P3G
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(18) 3.2 Definition of Derivative (B) P7

A
26 May 10, | Usethedefinition of derivativetofind f\(1) if f(x) = VYx
2001
Solution
fx)=x
=t fx) - f(a)
\(q) = lim W
- F@) — F(1)
. x Tl
S 1
y x3 — 1 1 x3 — 1 I 1 1
25l lim, = lim = lim =_—
g A ol <x3£— 1><x3£+x31+1> iba x3£+x3l+1 B
B Let f(x) = |x? — 1| . Discussthe differentiability of f atx = 0 and x = 1
Solution
e @
\(q) = lim X/ 1@
il i ) = (O
. x ol
O =lim ——5—
o —(x*P-1 -1 . —x*+1-1 _
= lim =lim — =1lim —x =0
x—0 X x—0 2 x—0
~ f is differentiable at x =0
. _ f)=fQ)
\(1-) = T S
FaO=i T
= m TS - gm ZEERTID o im o=
A _ 2404
PO = dm EEEDe i T s e =

£1a) = £ah

~ f is not diferentiable at x =1
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