DIFFERENTIATION

Solutions:
1. fis differentiable at a
= f'(a) = hgl . :];(a) exists

= (o) - f(a) = i LI g

= lim f(@) = f(a) lim(z — a)
z—a T — q T—a

=f'(a)- 0
=0

= lim £ () = /(o)

= { is continuous at a.

2. (For example)  f(z)=| z |
Then f is continuous at 0 , but f is not differentiable at 0

3. f is differentiable at 1
= f is continuous at 1
= lim az®+bzr+ 7= lim 2bx + 2a

z—1- z—1t
=>a+x+7=2b+2a
=a+b=7 (1)

f is differentiable at 1

2

£ = Loz + b2 +7) o
=2az +b |,
N =2a+b
(1) = (200 + 20) [,
:Qb|x:1
\ =2
=2a+b=2b
= 2a—b=0 1 (2)
a+b="7
we = {5
7,14
:>(I,—§ N b—T



DIFFERENTIATION
4. (1)g_y = 3sin®(tan z) cos(tan ) sec? =
dy
dz

= sec(cos%(x2 +5— %)) tgm(cos%(x2 45— %))

%cos_%(rﬁz +5— %) (—sin(z?+5— %)) (22 +272)
(3)% = 2z cot(csc ) + 2 (— esc?(csc ) (— csc z cot )
+sinzcosx + x cosz cos z + z sin x(— sin )
= 2z cot(csc ) + x? csc?(cse ) esc x cot x
+sinxcosx+x0032x3—xsin2x ,
@)% — (cos(a? +1)) - 20+ & HD) —(@+2) 3w

d]/‘ (1/,3 + 1)2
9.3 a2
=2z cos(x® + 1) + Qx(xg +6f)2+ 1

5.9y = na,z" '+ (n — Dap_12" 2 + - - + 3azz? + 2097 + a;
y" =nn—1a,z" *+(n—1)(n—2)a,_ 123+ - -+3-2a32+2a,

y(n+1)—0
6. y° =2+ cosZ
d dy2 T
:>%(y3):%(x +cosy)
Yy wdy
J -
= 3@/2% = 2z — (sin %) 7 dx
—9r _ (sinZ). 1 zy, z  dy
=2z (Slny) y+(szny) y2 dx
2 & o a4y _lgnz
= (3y 2S1ny>dx 27 — 7 sin y;
1
235——3111g
:>d_y: yx yx
dz 2y2——28in—
Y

7. xy =sinz + cosy

d d
= —(zy) = —(sinz + cos y)

dz dz
:>y+x—y zcosx—sinyd—y
dz dz
. dy
= (z +siny)—— =cosz —y
dx
dy cosz—y
" dr  z4+siny

&’y i(@) _ i(cosx — Yy
de?  dr'dz’  dz z+siny



DIFFERENTIATION 3

. d . d
(—sinz — dg)(x +siny) — (1 +Cosy%)(cosx — )

(z +siny)?

—xsinz —sinzsiny — cosx + y — (x + siny + cosy cos t — ycosy)%

B (xz +siny)?
: L : CoST — y

—xsinz —sinzsiny — cosx +y — (x + siny + cosy cos © — ycosy)m
B (z + siny)?
L[ 2t—4.22=0
(1 { 31-9.33=0
=24 - 4.22=3-9.3°
= (3,2) is on the curve C.
Similarly, for (3,-2).
(2) yt — 4y? = 2% — 922

d d
= %(34 — 4y26)i = (2% —927)

30Y @ 0U _ 4.3

= 4y do 8ydx =4x° — 18z

dy _ 42° — 182

dr 4y — 8y

[ ¥ ew-e
_% (‘ray) - (37_2)

(3) slope of the tangent - slope of the normal = -1
= —%7 - slope of the normal = -1

= slope of the normal = 28—7
. FEquation :y+2 = %(z —3)

dy
J hat:4
9. (1) = %
dt |
_ __sint
— 1—cost
d_y| _ Slng
dr =3 T
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V3
__ 2
- 1
1— =
2
3
dy
d(Z2
dy _ M)
dz? dx
_dy
T dz
dy’
__dt
dz
dt
cost(l —cost) —sint -sint
_ (1 — cost)?
o 1 —cost
__cost—1 1
(1 —cost)? 1—cost
_ 1
(1 —cost)?
d2y |t - _ 1
dx* 73 (1 — cost)?
__1
T 1
_T
(2) t=3

10. Let x = distance between A and the intersection
y = distance between B and the intersection
s = distance between A and B



DIFFERENTIATION

tanf = =
anfl = —
Then Y
s:x2+y2
d d
Nowd—::——3m/sec,d—i:2m/sec
tanf =
/ d
T
—tanf = —(—
= gt =g,
dx dy
df YT
:>sec20d——dt " d

x=10m,y=25m

s tand 10 2
antg —m — — —
25 5
29
= sectfh =—
sec 25

. 29df  —3-25-10-2
S5 dt 952
g 19
dt 145

( rad / sec) - (1)



DIFFERENTIATION

x=10m,y=2m

= 5= /102 +252 m
=5+4/29m
ds

L 2:5v29- =210+ (=3) +2-25-2

1

= f'(z) = 378

=df = f'(z)dx
1

:§x sdx

(2) Let f(z) = &
Note f(z + Az) ~ f(z) + f'()Az (A x is small)
Take x = 1000 , Az = 0.2

£(1000.2) & £(1000) + f'(1000) - 0.2

1 1
=10+--—-0.2
* 3 100

~ 10.0006

. +/1000.2 &~ 10.0006



