Limits and Differentiation

Limits.
1. Evaluate the limit of the following
2 3 3
_ _ _ - -1
(l) x%% 2x—1 (ll)' x>l x— (lll)' x1%2 xz —4 (ZV) ‘>1 2x 7x+5
02. Find the limit of the folliwng
D lim ?-3x+2 . 3x7=5x+2 lim X’ +4x? +4x+3
W0 X’ +x—6 (i) —>/ 3x* —4x—4 (). 1, x> +2x-3
3 4
x —4x-15 X' —3x+2 x> —xlogx+2logx—4
lim im lim
). =3 x4 x? —6x—18 @1 ol x' —5x% +3x +1 v x=2

03. Find the limits of the following

\/— Jiox 3- i
i lim lim
(¥ lim @) S Jarx— \/1+2x (). 225 \/ (iv). 1 \/x+2 \/3x 2
04. Find the limits of the following.
‘ hm\/a+x—x/; - hn‘\/a+2x—\/§ { 1 }
50 Jatar ) O Barx—2dx | Tevn
lim X -1 x' -1 lim 3—5+x VI+x—-+1-x
™ +8-3 = N O O a3 23
05. Find the limits of the flolloiwing
7 3
x —128 x +1 xX\Vx —ava
(i). lYlg} - (ii). }Clirzl 5 (iii). J}Lrlil ) (iv). Im (—a)
1 1
li X —243 lim X~ o x*+1 limxA_2A
v). Im——0ru- 7 (vi). im— " (vig). hm Sl (viii). 1M x% _2%
]
lim 1+3Vx hml_ -
(lX) x—>-1 1+5\/; (X) x—1 1 2 %
¥ ¥ n_An
06. Evaluate lim (x+2)" —(a+2) 07. If lirrzlx =80 find n where n is an integer.
x—a xX—a X=s X —
oxt =1 Xk
08. If lim =lim——— . Find the value of k.
x>l x—1 ok x° —k
5 o )5 _
09.If limx =9 Find all possible values a can assume. 10. Evaluate limw.
x=a x—q x—2 x—2
11 Find the limit of the following.
2x-3)(3x+5)(4x -6 5x” +3x-6 A
b im A6 gy S EI6 0043
X—m 3x° +x-1 X2 2x" —5x+1 o 5y +8x—17
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m(3x—1)(4x—2) (3x D*2x-1)*
= ener) M T g

(iv). 1%(%2 +5x+4—/x° _3x+4) ).

12. Evaluate }Cle \/;(\/ x+3 - \/;) 13.Evaluate }CI_{E(V x*+1- X) 14. Evaluate lim

= 4x7 +1-1

2 2
, —— , —— VaZ +1-3Vx7 +1
15. Evaluate llm(X— X’ +x ) 16.Evaluate 11m2x( x*+1 —x) 17.Evaluate hm

fay £ > 4 xt +1-5x +1

. Jx
18. Evaluate )1(1330
x+yx++/x

19. Evaluate the limits of the following trigonometirc functions.

X

.. sin3x in x> tan tan x’
(i). £1_I>lg o (ii). 11_{101 . (iii). 1}2;)1 3x2 (iv). 11_{1(} o

lim sin 4x  lim 6 cos el  lim sina@ . s1n 460

V) =0 xCosx ). 53 (vii). 6-0sinb O (viid). 050 tan 360

20. Find the limits of the folloiwng trigonometric functions.

3sin? x — 2sin x* sin x°

. cos2xsinSx
iii). lim —
sz ( ) x—0

(iv).lim

=0 sin2x

(i). hm

7). lim
>0 tan 5x (). x>0

21. Evaluate the limits of the folloiwng trigonometic functions.

.. l-cos@ .. l-cos2x 4. l-cos@

(). Jm— (ii). m—73— (iii). i —5—
hml CcoS X liml—cos46? l cosmb

() 0 xsin x ) 90 1 —cos 56 (vi). 9%01 cosnt

22. Evaluate the limits of the folloiwng trigonometric functions.

T I-cosx  lim sin 2x(1—cos 2x) o lim 3sin x —sin 3x
(l) x—0 Sll’lz x (ll)' x—0 X3 (lll)’ x—0 X3
0 lim 2sinx —sin2x lim tan x —sin x ) lim tan 2x —sin 2x
(lV). x—0 x3 (V) x—0 x (VZ)' x—0 x3

23. Evaluate the limits of the following trigonometric functions.

.. cosax—cosbx . sin(2+x)—sin(2 —x)
(i). lim o (ii). lim
x—0 X x—0 X
(i), lim sin 2x +sin 6x (iv). lim tan x —sin x
iig). lm—————— v B S—
x>0 sin 5x —sin 3x 0 sin’ x

24. Evaluate the limits of the following trigonometric functions.

tan 3x — 2x x* cot x . tan '2x :
m-———— (ii). lim ii. lm ———  jy, 1;9}1 Y
x—>0 3x—sin "~ x 0] —cos x x>0 gin 3x cos x

(i). 1
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25. Evaluate the following limits.

Sin \" 4 — x 1- 3 ¥
01. lim (#) 02. lim ———>= X 03.1im £~ %
=714 2¢cos x —1 ¥>0 xsin X -COS X x>0 X

1—cos(ax’ + bx +c)

04. lim

2 , where are ¢, f the distinct roots of ax’ +bx+c=0
xoa (x — a)

tan’ x —3tan x _

. tan’x—2tan x -3 lim - 24
05.Show that, lim =2 06. fy: ( P )
x>un'3tan > x — 4 tan x + 3 >%  cos x+%
. 42 —(cosx+sinx)’
07. lim V2 ( .x x) =52
7, 1-sin2x
26. Evaluate the limits of the following trigonometric functions.
. €os ax — cos bx . sin(2+4 x)—sin( 2 —x) . sin 2x +sin 6x . tan x —sin x
i. lim 5 ii. lim ifi. lim — . iy, Im —————
x>0 X x>0 X >0 sin 5x —sin 3x x>0 sin - x
27. Evaluate the following limits
ST Sinx® o 3sirfx—2siny s lim tanx—sinx . lim tan2x—sin2x
im ———— —_— —_—
a. i lim . ii. ln 7 1ii. 1 e iv. 1 7
. tamx-sinx .. sin2x+sin6x . Xcotx L X COSX+sinx
vy, Iim ——— i Im———  yjj. lim ——— viii, llm - ————
x50 X x—0 sin 5x —sin 3x x>0  ]—cosx x—0 X" +tanx
b. Evaluate the limits of the folloiwng trigonometric functions.
l+coszx 1—y2 T 1+cosx lim l-sinx
. uam . lim ) :
b (1-x)* g x>l sin o e (”_X)Z ! = (7[—2x)2
. tan 7z x i —
s lim (1—-x) lim (secd—tan@)

6. 9977

x—1 2

c¢. Evaluate the limits of the folloiwng trigonometric functions.

. 1-x o l+x=J1-x 1 2x
lim —— o 1
1. XIE} (COS?] x)2 2. )161_1;1(1) sin !y 3. )lcl_>m0 . .tan (1 2 j
) x(l—\/l—xz) ) 1—x ) x—cos(sin_1 x)
lim 5. lim —— 6. lim B
01— x? .(sin_1 x)3 >0 7—2sin" x H/\E 1- tan(sm x)

d. Evaluate the limits of the folloiwng
. et -1 | . e —e " . et —x—1
1. lim 2. lim —— 3. lim—— 4. lim ———
x—0 X x—0 X x—0 X x—0 X

f- Evaluate the limits of the folloiwng.

x ax bx

.ox(et =1 . e —e

1. lim —( ) 2. lim ———
x>0 1—cos2x x—0 X
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Prove the following

28, lim (x-+))Sec(xty) = x Secx =x tan x Sec x + Secx 29 lim 1—-cos xycos 2x :i
y >0 y x—0 x2 2
30, lim 2 sin x°(1—cosx”) (7 ’ 31, lim l-cos (1-cosx) 1 32, lim 14+cos Tx :72'_2
T x>0 X 180 x>0 x4 8 T xosl (1-x)* 2
2
. Tx _2 lim  (Sec &—tan 0) =0 - X -3x+2 1
1 1-x) tan—=— lim =—=
33. xlinl (I1=x) tan 2 34'9”% 350 x* —x+sin(x—1) 2

cosx—sinx 1

x(l—ﬁ)

lim SOS¥-SIMX_ 1 lim L2 )20 lim -1
% =y cos 2x 2 37 .50 x o 1-x° 38 5o Vi-x*in"x)} 2
-
) 1—x T x—cos(sin” x) 1
1 - - = im — =
39. B x—2sin ' x 0 40 )H% 1—tan(sin”' x) V2

- -1
. -2
41.Evaluate : lim R oAy
=0 -1 . 1 | ) 1 . -1
sin” x—2sin Esm x| 3—4sin Esm X

42 Evaluate the following limits :

. cosf PR .50 . 1-t . sin@—cos®
i) lim —— i) lim 2 iii) lim -2 iv) lim v) li anx vi) lim ————=
-7 _ g +F COtx 97~ sin 26 X7 X =TT T Ld -~ 9T
2 2 2 4 X 4
2 4
43.Evaluate the following limits :
. sin”! : x 1 1
i) lim 24—~ i) lim— iii) lim—cosec_l(—)
x>0 x x>0tan~ 2x x>0 x X
o osec 147 . tan”' 2x T 1-+/x
iv)lim ————— V) lim — vi) am ——————r
x>0 X x>0 sin3x =1 (cos™ x)
: dy o o
41 1. Let y= f(x) Define I at P(x,y) using increments. Hence show that the derivative /"(x) at
. J)—f)
—q is gi '(q)= lIm —————
x=a is givenby f'(a) J —a

fla)-a’f(x) _ e
4 =2af(a)—a” f'(a).

i1 Show that lim
XxX—a

YO-2/() _,
x=2

iv. If f(a)=2,f'(a)=1g(a)=-1 and g'(a)=2 Show that
i 2@ f0_

X—a X—d

ii. If f(2)=4 and f'(2)=1 Show that )}grzl
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Differentiation

d
42. Using first principle, find the differential coefficient [d_ij of the following

1.4/2x+3 . /52 41 l. (ax+b)" 1v.sinx  Vv.cosx vi.tanx vil.cot x  viil. Sec x

iX.cosec x  X. sin x2 X1, cos? x Xil. sec (2x+3) Xiil. tan? ax X1V. sina/x

XV. 4/cotx XVi. x?cosx  XVil. e* XViil. 57

d
43. Using first principle obtain d_i of the following
L sin'x iL. cos ' x iil. tan ' x

44.Using the derivative of ¢* obtain the derivative of Inx (log, x)

45. Find the derivative of the following functions using first principle.
1). sin2x ii). cos3x 1i1). tankx v). secax v). cosec(ax+b) vi). sec(2x+3)
vii). cot(2x+1) viii). sin%x ix). tan®ax X). sinx? xi). cos(x?+1)

46. Find the first differential coefficient of the following using first principles.
1). v/cosx ii). \/sin3x ii). \/secx V). y/cotx

V). sin+/x vi). tan+/x vil). xsinx viil). x2? cosx

47. Differentiate the following functions.

1
i) y=2x"—4x" +6x+8 ii). y=X+; iii). y=3cosx—4lnx iv). y=e" +3sinx
A )y D Y= A 45
V). y=x"?+4x Vi). y—; vii). V 3Wx viii). y=4cotx+cosx—Inx

48. Obtain the differential coefficient of the following functions.

). y=e¢" i) y=Inx iii). y =qa", a constant

49 Differentiate the following inverse trigonometric functions with respec to x.

i) y=sin"'x ii). y=cos'x iii). y=tan' x

50. Differentiate the following functions with respect to x.
. .. . ! . -
i). y=cosxcotx ii). y=x"sinx iii). y= xﬁex iv). y=2*mmx V). y=x’sin"'x

1 3

vi). y=x'cosx+e‘cotx Vii). y=xInx+(1+x?)tan ' x ViiD). y = x3sin x + 2xcos x — cos ecx In x

ix). y =(xsinx+cosx)(xcosx—sinx)

51. Differentiate the following function with respect to x.

1). y=(x +1)(3x2 + 2)(5x2 +3) i), y=uxsinxlnx ii1). y = xsin xe*
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52. Differentiate the following functions with respect to x.

) _Inx . X _ X+sinx . 1+
. X .y 1+tanx ).y X+cosx w). = I-¢"
) sin x + cos x ) sinx+e”* i 2x* -4 i) 3x* =2
V)., Y=—/————— vi, y=—"— vii). y= viii). ¥ =
) sin x —cos x Y 1+Inx R Y e
. _secx—1 __ logx o 1 .. y_l_\/;
x). ¥ secx+1 x)- 1+ xlogx xi). ax’ +bx+c xib) 1+\/;
secx + tan x . Xsin x —cos x
Xiii). ¥V =——— Xiv). Y=—————
secx—tanx XCOSXx+SInx

53. Differentiate the following functions with respect to x

2
3+4x
i). y:{ x } ii). y=+/sinx’ iii). y = tan(In x) iv). y=¢“** V). y=(5x2 —7)c+13)2/5
. B . .. ) oo e o .
Vl). y= Insin x Vll). y= SGC\/; Vlll). y= (x +cosx) IX). y=In(e™ +e ) X)- y=sin 2xcos3x

1 _
xi). y= (;os(l—xz)2 xi). Y= m xiii). y = In(In x) Xiv). y = In cos (\/;) XV). y= esmﬁ

54. Differentiate the following functions with respect to x.

) 1+x 0 a’—x* i e e
1). V=4 7T— 1). y= m). yV=——""-
1—x a’+x° e —e

[ 2 Va? +x* +a* —x
iv). y=1n()C+ 1+x2) V). y=va? +va +x? vi). ¥ =

\/a2 +x° —\/a2 —x’
viD). p=+/x+/x+/x viii). y = sinl_cos(sin \/ax+b)J ix). y= cosl_sin \/ax+bJ
I—sinx [secx +tanx
. Y= ; Xi). y=4lsin/ 2 Xii). Y= |———
x). I+sinx ) y=vsmvl+x ). secx—tanx
55. Differentiate the following functions with respect to x.

i). ¥y =Intan (% + %) ii). y= ln(sin % + cos %) iii). y = sin(\/sinx+ cosx)

) 3 Jx ) B I-cosx
iv).y = 1n(x +e j V). y = ln[ln x] vi). y—lngfm

56. Differentiate the following functions with respect to x.

_ [ x?
). y=log,cosx ). y=log ,™"" iii). y=log,,, sinx  iv). y:\/logsm(?—lj

_ e cosx 2
V). y= [x+ Nxt+a? ]ﬂ vi). ¥ = sinx vi). y=¢ * sin(lnx)  viii). y =log;o(Incosx)
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57. Differentiate the following functions with respect to x.
i) y=sin"'a/x i) y=tan '(Inx) iii). y=cos™(sinx) iv). y =sin(tan' x)
. _ sinﬁl(x—l) . -1 X i), V= 00571 L .1 2¥
vi). y=e vil). y=tan" (xe") viii). 1 X).y= (Sm X )

X

58. Differentiate the following functions with respect to x.

. . [1—cosx . . [1+cosx o [1+sinx
). Y= tan - ). y= tan DE— ii). y = tan —_—
1+cosx 1—cosx 1-sinx

L eos [1+cos2x y:tanl(l—cosxj . yztanl[ COS X j

vi). ¥ = —2 V). —Sinx vi). —1+Sinx

59. Differentiate with respect to x the functions given below.

. 4 L y=tan” cos x +sin x

i). y=tan'(secx + tan x) ii). 08 1 —sin x

o = gin ! Sin x +cos x . y=cos” 3 cosx +sin x
iii). V \/E iv). 2

60. Differentiate the functions given below with respect to x.

. 1y
). y=x* ii). y=x""" iii). y = (sinx)™  iv). y=(logx)* V). y= X8 vi), y= [;j vil). y = x™ ¢

1Y ,
viil). y=(xsinx)* ix). V= [1 + ;j X). y = xSnATCOsIe i), y= xx\/; xii). y=cos(x")

61. Differentiate the following functions with respect to x.

sin x

D). y=x""4(sinx)" ii). y = (sinx)™" +(cos x)

62. u and v are functions of x show by first principle that () =u 2 +v.9%
-uand v are functions of x show by first principle that —- dxdx

63. Differentiate the following

i. (x sin x +cosx) (¢* +x° In x) ii. a*log, x+e"log, x iii. x’sinx+2x cosx—cosec xlog,x

iv. (xsinx + cos x) (xcos x —sin x) V. X’ sinx +2x cosx —cosecxlog ,x
. .2 dy_ 2 . 2
vi. If y=x tan x prove that x sin xd——y +ysm-x

X

1 d

y
i = x si ——=—+cot x
vii. If y=xsin x prove that v ds x

viiLIf f(x)=(ax+b)sinx+(cx+d) cos x, find the values of a,b,c and d such that f'(x)=x cos x forall x

du dv

Vo — U
64. 1. When u and v are functions of x show that i [zj __dx _dx

dx \ v v

7 Ananda illangakoon




2. Differentiate the following

X sinx —cos x sec x +tan x 1+3*F x Inx e (x-1)
1l. 1ii. iv. V. ————
sec x —tan x 1—3% e tanx 241

L. .
X cos x—sinx

X dy
L If y=—" that x——=y(l -
Vi y e+ 5 prove tha e y(1-y)

xsin x

vii. If S (%) = find £'(0)

COS x—sinx

dy dy du
65. ()If y is a differentiable function of u and u is a differentiable function of x show that d_ic} = d_z i I

66. Differentiate the following
L. Ja++a+x 1. log (x +v1+ x2 ) iil. cos?x ™~ iv. Sin(cos (Sin (taan)))

202
SIn” X+ COSXx

V.
1+x°

vi. log,cosx vii. log .sinx viii. log,, sinx

67. Differentiate the following functions
i. sin'(cosx) ii. (tan™'x)? iii. tan ~'(In x)

iv. (sin”'x*)? V. tan”'(sin x?) vi. In (cos ' x?)

d
68. If y=sin"'(cosx)+cos '(sinx) find d_); and express the result free from trigonometrical symbols

69. Using the fact sin(A+ B) =sin Acos B + cos Asin B and the technique of differentiation obtain that

cos(A+ B)=cos Acos B —sin Asin B

70. Using suitable trigonometric substitutions differentiate the following

. v w1 2 o [1+x e 2x
i, sin”'W1-x2 ii. sin” (2xvl-x7) iii. tan' [—= 1v. Sin ( J

—x 1+x°

v. cos™ L=’ vi. tan™ (l_x] vii COS?I(M) viii. tan| — X
' 1+x2 ' 1+x ' \/5 ' 1+4/1=x2

d
71. Differentiate the following functions and find d_);

1-x3y2=ln(x+y)+smex 11 sm(xy)+—=x2—y 111. sln2x+ZCosy+xy=0 v.tan (x+ y)+tan (x —y)=1

d
72. Find d_i by differentiating the following functions.

2 2

x

). x2+y?=d’ ii).?Jr%:l iii). ax” + 2hxy + by’ +2gx ++2 fy+¢c =0 ). xy=x+y
V). X +y’=3axy vi. (x2 +y2)= xy  viD).xp?—x’y=4  viil).xy+xe” +ye* =x’

X _ 2

=X —y

ix). x’y’ =log(x+ y)+sine* Xx). sin xy + B
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73.

74.

76.

77.

78.

80.

8l1.

82.

83.

84.

85.

d
Find d_i by differentiating the following functions.

. dy
D). Ify:\/x+\/x+\/x+ ......... oo show that (2y—1)5:1

y
dy -1
dx  (1+x)*

). If “" show that LN If y=¢™  show that PLIRSE

iii). If 5, — show that X~ - - ylogx 1v). y=e show that " == 77
dy _sin’(a+y)

If sin y =xsin (a + y) prove that — dr —sina 75. If xy/1+y +yy/1+x =0 prove that

d 1-
If V1-x* +4/1—y* =a(x—y) then prove that 2 y2

dx I-x
L 2x-1 Q—x 2x—1( 4x? +3+10 .
If y=x vl then prove that dx 2+l 4x 1 g

dy _y(xlogy—y)

If x» =y prove that - d

x  x(ylogx—x) 79. If x” +y* =2 then prove that

d
Differentiate following parametric functions and find d—y
X

X \ - x=cosf —cos20
x=2at",y=at L. y=sinf—sin 26

iii. If x—sinl(i} —tanl[ 2 j hat & =1

111. 1472 >V 1—12 prove that o

. . dy

iv. If x=asin260(1+cos260) and y =acos20(1—cos20) show that I tan 6

1 1 d
v x4y’ =1—= and x°+)° = >+ Show that x*y? = =1,
t 12 dx

VI+x? —/1-x?
VI-x? +4/1-x?

_ 1+x* -1
let y =tan 1[—J and zzsinl( 2x

_ -1
let y =tan [ e )

d 1
J and z = cos ' x? then show that ) A

dz 4

dy 1
> | prove that —=—
x 1+x

.1 2x 3 . dy
let Y =smn 112 and z=tan  x Find —

dz
2
1 I=x .o 2x
Differentiate €08 (—2] w.r.t sin 1( zj
1+x I+x
dZ
v COS X

i. If y=tanx+sec x prove that Pl (1—sinx)2
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d2
ii. If y=aqae™ +be ™ prove that # -m’y=0

d’y _dy

iii. If y=sin (logx) prove that X2—2+ x—+y=0
dx dx

d* d
iv. If y=(tan"'x)* prove that (x> +1) d_g +2x(x% + l)d_i: =2
X

d’y d
v. If y=acos(logx)+bsin(logx) then prove that x2d—§+d—i+y=0
X

d’ d
vi. If y =log(x ++/x* +1)prove that (x* +1)—§/+x—y=0
dx dx
d’ d
86. If x =sin ¢,y =sin pt, prove that (1—X2)Ef—xd—i+l92y=o
1 d’y d
87. If x=logtand y=;,showthat E{+d—i=0
d*y x4+ y?

88. If x=asint—bcost, y=acost+ bsint, show that e == e

2

d’y
89. If x=a(l—cosf),y=a(d+sind) then ﬁndd—at 0="1/

2

dy
90. If x=a(l-cos’t),y= asmtﬁndd2 att—%

d’y . dy d’y

91. y is a function of x and x =sin & Express 0 in terms of _d€ and 10
IF oy Y & hat LYk ky=0
(l—x)dxz— +ky=0 prove that e =0,

92. If sin y =2 sinx, prove that

2 2 2 2
dy > d’y 2 d’y (dyJ
i — | =1+3sec ii. ——=3sec tan coty—=—|— | +1=0
1. ( dxj y ool e Y tany also prove that y 2\

. (ﬂj dZy d3y d4y dSy
93. 1. Ify:e find dx x=0’ dx2 x=0’ de x=0’ dx4 x=0’ de Y

d’ dy
94. The transformation z =Jog tan[xj reduces the differential equation d_y +cotx——+4ycosec’x =0
2 X

dx

d>
in tod—f + Ay =0 show that the value of A4 is 4.
r4

95. The transformation x = cos 0, reduces the differential equation.

2

d’ d d A
(l—xz)#—xd—ivﬂ/:o into d9{+%y 0. Show that A=28.
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4y

dy
96. If y =243 +1 and y=4¢* —1 Show that (EJ (dx3

97. Establish the following differential equations.

2

1. Ify=A sin mx + B cos mx, show that

2

d J2}—mzyzo
X

3. If y=ae™+be™, show that

’ sin™ x
8.1 V= =
1—x

99. 1f = (tan' x)', show that (x

dx

dzy
2
-X
)dx2
dzy
241)
) dx2

show that (1

L

dx v
X

dx
dzy

100. If y = sin(m sin”' x), show that (1 - xz)

101. If y =acos(log x)+ bsin(log x) , show that x’ e
X

102.0f y = log(x + m), show that (x2 + 1) fl;y &

d2
103. If = ¢ '+, show that (1+x2)d Y
X

104. Establish the following differential equations.

d’y dy
)—+x—
) 2 dx

1+x

. if y=

2dy

ii. Ify—sm[log|1+x|], (1+x) +(1+x)

+xy+x’—1=

d
iii. If = 1—x? sin” x; (l—xz)d—i

2

dy
x

d
iv. Iftany=logx2,xd—y=2coszy and X
x

2

T -piy=0

v. If y=ae” +be ™
y=ae e

vi. If y

dy

2
,dy fy=

vii. y = acos(log x) +bsin(log x), x’ Kﬂc

dZ
105.If x=2cost —cos2t and y =2sin¢—sin 2¢ . Find

d2
106.1f x =sin¢, y =sin pt , show that (1—x") 7 )2}
X

11

J+

d i}+m2y:0
x

4. If y=sin(logx), show that X~ —=-
dx

=(cos ' x)*—acos'x, (I—x

dx?
dy
dx

d2

2
Yy
271 _p
dsz

{

d’y cosx

2. If y=tan x + sec x, show that

d  (I-sinx)’

2
dx

2
2d Y +y=0

y=0

a4 )Y =2

dx

+m’y=0
—+y=0

=0

dx

=0

+y=0

0

dy ~-(1+25in 2y) =0

y

2

xd_y
dx

%) -2=0

dx

0 viii. If y=log,(1+sinx); —5+e” =0

at tZ%

2

Y
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107.1f u =u(x) and v =v(x), prove the following formula.

d du d d dv d V@ _”@
Jdty) _du dv oo dw) _ dv du s d () T dx
dx dx dx dx dx  dx de\ v V2
108. If u =u(x) and v =v(x), prove the following formula.
. du+v) @Jrﬂ
- dx dx dx
d’ d
109. If x =sin#, y =sin p@ prove that (1 _xz)d { —xd—y +p*y=0 pis a positive constant.
X X

d’ d
110.If x=tan#, y =tan p@ then show that, (1 + xz) p i} =2(py —x)d—y where p is a constant.
x x

Application of derivatives
Rate of change

111.A balloon which always remains spherical is being inflated by pumping in 900 cm?® of gas per second.

Find the rate at which the radius of the balloon is increasing when the radius is 150(cm)

112. A particle moves along the curve 6y =x’ +2 Find the points. On the curve at which the y-coordinate is
changing 8 times as fast as the x- coordinate
113.Aman 2 m, high walks at a uniform speed of 6 kmh™' away from a lamp post 6 m high. Find the rate
at which the length of his shadow increases.

114. A balloon gets inflated so that the rate of change of volume is proportional to its radius Initially its
radius is 2 units and after 1 second it is 3 units. Find its radius at time t.

115. Water is dripping out from a conical funnel of semi - vertical angle % at the uniform rate 2 cpi® /s

through a tiny hole at the vertex at the bottom. When the slant height of the water is 4 ¢m , find the rate

b

of decrease of the slant height of the water .

'
116. Find the equation of the tangent to the curve x =acos6,y =hbsin® at 0= 1

Equation of tangents and normals

[1P%2)
t

117. Find the equation of tangent at the point “#” on the curve x=asin’¢,y =bcos’ ¢

118. Find the point ( points ) on the curve x=a(0+sin0),y =a(l—cos0) where the tangent is
perpendicular to x axis (0 <0<m).

119. Show that the carves x=y* and x y =k intersect at right angles if 84* =1.

120. Find the equation of tangents to the curve y=cos(x+ y),—2n < x <2n that are parallel to the line

x+2y=0.
Maxima and minima

121.Show that the surface area of a closed cuboid with square base and given volume is minimum ,

when it is a cube
122.An Open tank with a square base and vertical sides is to be constructed from a metal sheet so as to hold
a given quantity of water. Show that the cost of material will be least, when depth of the tank is half of its
width.
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123.A jet of an enemy is flying along the curve y=x? +2 A soldier is placed at the point ( 3,2 ) what is the
nearest distance between the soldier and the jet ?

124. A closed right circular cylinder has volume 2156 cubic units. What should be the radius of the base so
that the total surface area may be minimum ?

125. A given quantity of metal is to be cast into half cylinder with a rectangular base and semi- circular ends.
show that in order that total surface area is minimum the ratio of length of cylinder to the diameter of its

semi - circular ends is 7:(nw+2)

126.The cost of fuel for running a bus is proportional to the square of the speed generated in jzu, /s It costs
Rs 48 per hour when the bus is moving at a speed of 20 km/hr what is the most economical speed if the
fixed charges are Rs. 108 for an hour

127.Show that among all the rectangles of given perimeter, the square has the greatest area.
128.Prove that among all the traingles of given hypotenuse, the isosceles traiangle has the maximum area.

129.Prove that the perimeter of a right angled triangle of given hypotenuse is maximum when the triangle is
isosceles.

130.Prove that the triangle of maximum area inscribed in a circle must be equilateral.

131.Prove that among all the rectangles that can be inscribed in a given circle, the square has the
maximum area.

132. An open box with a square base is to be made out of given quantity of sheet of area k*>. Show that the

2

maximum volume of the box is p ﬁ

133.Show that the semi-vertical angle of the cone of maximum volume and given slant height is tan™' V2
134.Prove that the semi-vertical angle of a cone of given total surface area and maximum volume is

- 1
(1))

135.Show that the height of a closed right circular cylinder of given surface area and maximum volume is
equal to the diameter of its base.

136.Show that the height of the right circular cylinder of maximum volume is equal to the that can be
inscribed in a given right circular cone of height H is (H/3)

137.Prove that the height of a right circular cylinder of maximum volume that can be inscribed in a sphere of
radius 7 is (2;//\/3).

138.Prove that the height of a cone of maximum volume that can be incribed in a sphere of radius r is 4% .

139. Prove that the volume of the largest cone that can be in scribed in a sphere is (8/27) of the volume of
the sphere.

13 Ananda illangakoon




Curve sketching

133.Sketch the graph of ¥ = 1 by finding maximum and minium values. Show that this graph is completely lying

X2+
between ¥ = i%

ax+b
134.The function V = m has a stationary point at P(2,-1) Find the values of ¢ and b and show that y is

maximum at p sketch the graph.
o
(x—=1)(x—4)

k(x—1)(x—4)—x =0 has no real solution.

135. Trace the graph of V = Deduce that when—1<k < —% the equation

2

136.Sketch the graph of ¥ = Hence prove that when 0<k <2 the equation (2—k)x* +k =0 has no real

x2-1
solution.

X
137.Sketch the graph of y= Te o2 Hence prove that when 0 <k <1 the equation x*(1—k)—k =0 has two distinct
X

real roots.

x 2
138.Sketch the graph of ¥ = 5 + . Hence prove that when —2 < k <2 the equation y2 _ 2y + 4= hasno real

solutions.

1
139.alet y = xsm; for x#0 . Show that

2
d 1 4 d
i.x—y=y—cos— and i X —;/4')/:0
dx X dx

2x% 41

b.Let f(x) = for x# 1 Find the first derivative and the turning point of f(x). Sketch the graph of

(x=1)

y = f(x) indicating the turning point and asymptotes.

c¢. Inthe given figure, ABCD is a trapezium with parallel sides BC and
AD. Lengths of its sides, measured in centimetres are given by

AB=CD=a, BC=b and AD = b+2x,where 0 < x < a.

BE and CF are the perpendiculars drawn from the vertices B and C,

respectively, on to the side AD. 4

Show that the area S(x) of the trapezium ABCD is given by
S(x) = (b+x) a2 — xz in square centimetres. If ¢ = JE and b=4, show further that S(x) is maximum for a certain

value of x, and find this value of x and the maximum area of the trapezium.

2

140.a. Let f(x) = for x#1,2

X
(x=D(x-2)
Show that f'(x), the derivative of f{x), is given by

() = x(4-3x)
- (x_l)z(x_z)z for x #1,2.
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Sketch the graph of y = f(x) indicating the asymptotes and the turning points. Using the graph, solve the

2
. Y <o
inequality (x—1)(x—2)
b.The shaded region shown in the adjoining figure is of area 385 m:. D C

This region is obtained by removing four identical rectangles each of )
length y metres and width x metres from a rectangle ABCD of length

35
Sx metres and width 3y metres. Show that V = . and that the

perimeter P of the shaded region, measured in metres, is given by

P=14x+@ for x>0. 0
X

Find the value of x such that P is minimum.

(x_3)2 X X X X ‘ X
for x # £1.

141.aLet f(x) =

x" -1
Show that f'(x), the derivative of f{x), is given by f'(x) = w
(x" =D
Write down the equations of the asymptotes of y = f(x).
Find the coordinates of the point at which the horizontal asymptote intersects the curve y = f(x).

Sketch the graph of y = f(x) indicating the asymptotes and the turning points.

. . . . . . . rem
b.A thin metal container, in the shape of a right circular cylinder of radius 57 c¢m and

height 4 ¢m has a circular lid of radius 57 ¢m with a circular hole of radius » cm. (See

the figure .)

hem
The volume of the container is given to be 245 zem®.

Show that the surface area § ¢p;> of the container with the lid containing the hole is

given by S = 497:[1/2 +%j for r > 0

—

Find the value of r such that S is minimum. —
3
142.(a).By considering only the first derivative find the minimum and maximum values of —; o7
b
3
Sketch the graph of y = .
grap x*+27

Hence, find for what values of £, the equation kx* —x* +27k =0, where k is real, has

1. two coincident real roots 1. three coincident real roots.
1i1. two distinct real roots. 1v. no real roots

b).Consider a rectangle ABCD with AB=a and BC =b(< a) . Let P be a movable point on CD. The length

of 4p+ pBis L(x),where  pDP = x.Show that L(x):\/x2+b2 +\/(a—x)2+b2 )

15 Ananda illangakoon




Find the minimum length of L(x) and the position of P on CD

correspondingto this minimum length. Also, find the maximum length of L(x).

lim cos3x—cosSx _g
143. (a). Show that X”O\/l+x2 —\/1—x2 -

n
(b). Let y=3_2gin20 and y=2cot0 for 0<9<5.
dx 2

. dy day _ . Y.
Find 0 and 70 and hence show that dr  2sin’ Bcos0 Find 02 in terms of Q.

¢). Let ABC be a triangle such that 4B = 4C =40m and BC = 64m -
A point P inside the triangle ABC is equidistant from B and C. By taking x to be the perpendicular distance

from P to BC in metres,
express 2 AP+3BP+3CP in terms of x. Hence, find the position of P such that 2 4P+ 3BP+3CP is

minimum.

2
144. a) Given that ¥ zln‘ N )

; Prove that, (1 + X2 )(dy/ dx)2 is independent of x.

d’ d*y d
Hence, show that (1 + xz)d—é}ﬁL 3x—;} + P )

X dx* dx
<—L>

b) A closed container takes the form of a cylinder of radius x(cm) and height y(cm) surmounted
by a hemispherical cap as shown in the figure. Given that the volume of this container

is457(cn’), express y in terms of x and show that the total surface area of the container is

. 5 2 90x . . . .
given by A(x) = 3 e+ — Find the radius of the cylinder for the total surface area is to be

minimum.

14 q
X)=——+4+— —
c)Let f(x) P for x#-2,1. wherep, geR.
The graph of y = f(x) has a turning point at (-1,3). Find the values of p and g.
3(x+5) (x+1)
(x+2)%(x-1* "~
Indicating the local maximum and minimum and the asymptotes. Using the above graph, sketch the graph of

y=rx).

Show that /" (x) = Sketch the graph of y = f(x).

145. a) i. By differentiating suitable functions, prove that sinx<x< tanx for every x e(O,%)

; lim :
. Sinx sinx
Hence show that  lim A I  Deduce that x—0 —=I.
’ X X

1—cos?(2sin x
=1

if) Show that x—=—0
1-—cos2x

b) Prove that 4 {1n|x|}= l;x #0;
dx X
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2 2

d d
} show that (1+x2)—d ;’er_y
X

x+V1+x°

=2

¢) A man wishes to enclose a rectangular plot by a fence and then divide it into two plots by another fence parallel to
one of the sides.
Find the dimensions of the rectangular plot that would enclose the largest area if the total length of the fences is

1200 (m).Also find the maximum area.

d d , .
146. a) Using first principles obtain d—(COSX) . Hence, show that o (sinx) =cosx
x x
b) If x=cost and y=coskt

2
2.d 2 : ,
Prove that (1—x )d_; —-X d_ic/ +k“y=0_Where k is a real constant and ¢ is a parameter.
X

c). Let f(x)= x4 + qu +r;where g,r are real constants.

The graph of y = f(x) passes through the point (2,-16) and has a horizontal tangent there.
Find the values of ¢ and r.

For these values of g and r, sketch the graph of y = f(x) indicating,
(i).the intervals on which the graph of y = f(x) is increasing or decreasing.
(ii).the coordinates of the local maximum point and local minimum point.

1
Hence sketch the graph of V = ) Find the least number of zero values for the equation e*. f(x)-1=0.

(1 4 d2y
147. a) If Yy =xsm| — | for x#0; show that x —2+y=0 .
x dx
b)Let f(x)=2+ ( a ) + ( ); x#+1 and a and b are real constants. If it is given that (0,0) is a turning point of
x—1 x+1

the graph of y = f(x), determine the values of a and b and show that (0, 0) is the only turning point.
Sketch the graph of y = f(x), clearly indicating the turning points and the asymptotes.

Hence show that the equation f(x)—In(x —1) = 0 has only one real root.

¢) A vertical wall 2.7 m high runs parallel to the wall of a house and is at a horizontal distance of 6.4 m from

the house. An extending ladder is placed to rest on the top B of the wall with one end C against the
house and the other end 4, resting on horizontal ground as shown in figure.The points A,B

and C are in a vertical plane at right angles to the wall and ladder makes an angle g
with yhe horizontal. Show that the length y metrs of the ladder is given by 2.7 (m)

2.7 6.4
y=—"—+%+
sind cos@

Hence find the minimum value of y..

SIS ST

. As @ varies, find the value of tan @ for which y is a minimum. < 6.4 (m)—>

3—-4x

x2+1

148.a)Let f(x)= . where x e R . Using the knowledge of the first derivative show that the function f has two

turning points. Sketch the rough graph of y = f(x) . Using this graph sketch the graph of y = | f (x)| on a seperate
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xy - plane. Hence show that the equation |3 -4 x|ex — x2 —1=0 has at least three real roots.

b) In a triangle ABC, 4B = AC . The perimeter of it is 2s where s is a constant. This triangle is rotated about BC.
Find the length of 4B in terms of s which maximises the volume of sold generated.

(x+2) —(x+3)

148. a. For x#=—1, let f(x)= 5 - Show that f"(x) the derivative of f{x) is given by f '(x)= 3 for x = -1
(x+1) (x+1)
Given that for x = -1, f"(x)= 2(x—+t) .where f"(x) denotes the second derivattive of f{x). Indicating,
(x+1D

asymptotes, turning points and points of inflection, sketch the graph of y = f(x). Hence find the range of x, the
graph is concave up and concave down.

2x m

b) The encloced region of the diagram shows a garden of total perimeter 20 (m). It is
constructed by removing a square of side x from a corner of a rectangle of length 2x

and width y. ym

i) Show that 0<x<5

if) Ifthe total area of the garden is 4 Show that 4 =20x — 5x2.
iii) Find the value of x which maximises the area of the garden and show that 4

the maximum area is 20(m?).

1

, Vs dy . _1f1l4sinx]|2
149. .i) when O<X<E, find a of ¥ =tan {l—sinx} )

i) If y=(sin" %)% +asin ! x+b,

2
Show that (1- xz)' a4y _ x‘d_y =2 where a and b are constants.
dx2 dx
2 d%y ly 2.2
iii) If x2y =acosnx,where a and n are constants, show that X d_2 + 4x£ +(n"x"+2)y=0,
X

3
150.0) If y =2x Cos[—j , Show that
X

a)xd—y =y+ 6sin[ij
dx X

2
b)x4d—;+9y=0
dx

3
x—1
i) Sketch the rough graph of y = ( 2) .
X

iii) A window consisting of semi-circular are has the total permeter 10(). Find its length and
breadth so that its area is maximum.
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. . d .
151. a) Using first principles show that E(Sm 3x)=3cos3x,
b) If x=60-sinf and y=1-cosé,
d3y d\dy) .. .
show that | —= |+2| = | —= | is independent of @.where @ is a parameter such that 0+ 2nz, neZ.
di> dx )\ dx?
1
¢) A wire of length / is bent in the shape of a sector. Show that the area of the sector is 5 r(I=2r)  where ris the

radius of the circle. Find 7 so that the area of the sector is maximum. Also find the angle of the sector in radians.

ax+b ) . .
152.a. Let f(x)= ( 2)2 for x # -2 . The graph of y= f(x) has a turning point at O’Z .Find the values of
X+
. y 2(x-1) S . . .
aand b. By assuming that f"(x)= R -2 and indicating asymptotes, turning points and points of
(x+2)

inflection sketch the rough graph of y = f(x). where f"(x) is the second derivative of f(x).

c¢.A variable straight line passes through A(1,8) and cuts positive OX.OY axes at P and Q respectively. when it is

. dl
given that OPQ =0 and PQ =1, express [ as a function of g where O is the origin. Show that ) =0 iff
a1 . - o . a
f=tan " (2) . Find the minimum of PQ by considering the sign of 20 in suitable ranges.
d 1
153.a.i) Show that — {nxj=—;x#0 .
w how =1

d
i) If xiny — ylnx =1, ﬁndd—i at x=1 .

b) Ifit is given that y = - how that %2 =52
) If it is given that y=xe ¥ , show that 2 dx Y

¢) A continuous function fsatisfies the following conditions.
i) f(=D=0, f(0)=4, f(2)=1,f(5)=6,f(6)=0 .and f'(x)=0 .onlyat x=0,2,5,
i) f'(x)<0 when 0 < x<2 and5<x <o,

iii) f'(x) >0 when —co<x <0 and 2<x<5.

Sketch the graph of y = f(x). Using the graph of y = f(x), sketch the rough graph of y = fl clearly

(%)
indicating relative maximum, relative minimum points and horizontal and vertical asymptotes. Hence find the

number of roots of the equation nx f(x)-1=0.

2
154.a) Let f(x)=16—x forx#2 and Xig .

(x—2)2>(3x-2)
—32(x—1)(3x+2)

Show that the derivative f'(x) of f(x) is given by f'(x)= 3 5
(x-2)"(Bx-2)

Write down the equations of the asymptotes.
Find the coordinates of the point the horizontal asymptote cuts the graph y = f(x) . Indicating the turning points and

asymptotes sketch the rough graph of y = f(x). 19 Ananda illangakoon




b) It is required to form a closed box using a rectangular cardboard of width 16(cm) and length 21(cm), by cutting off

two squares from the two corners of the side 16(cm) and

two rectangles from the corners of the side 21 (cm) as

shown in the figure. 16 cm
i) Obtain an expression for the volume v(x) of the box < x—>)
. 3 \ h
in cm”.
<« 2 21 cm >
i1) Find the side of the square which should be cut off,
so as to maximise the volume of the box to be formed.
16(x—1 1
155.a.Let f(x) =# for x#-1,—.
(x+D)°(Bx-1) 3
-32x(3x-5)

, 1
Show that f"(x), the derivative of f(x), is given by / (¥) = for x#-1,2,

(x+1)°(Bx-1)*
Sketch the graph of y = f(x) indicating the asymptotes and the turning points.Using the graph, find the values of

rcm

k € R such that the equation k(x+ 1)2 Bx-1)=16(x-1) has exactly one root. —>|

hem
b. A bottle with a volume of 3917zem” is to be made by removing a disc of radius o X

cm from the top face of a closed hollow right circular cylinder of radiues 37 cm and
height 54 ¢m, and fixing an open hollow right circular cylinder of radiues » cm and
height & cm, as shown in the figure. It is given that the total surface area §cm? of e
the bottle is S = (322 +17r). Find the value of » such that S is minimum.

V
Jx-2-1 1

lim -
156.a.Show that 0 7 3N = 07 -

b.Let C be the parabola parametrically given by x = at’® and y=2at for t e R, where a #0 . Show that the equation
of the normal line to the parabola C at the point (atz ,2at) is given by y+tx =2ar +ar> -

The normal line at the point P =(4a,4a) on the parabola C meets this parabola again at a point Q = (aT?2aT).
Show that 7= -3.

9(x? —4x-1)

( 3)3 forx¢3'
=

157.a.Let J(x)=

_9(x+3)(x-9)
(x-3)*
Sketch the graph of y = f(x) indicating the asymptotes, y-intercept and the turning points.

Show that /'(x), the derivative of f(x), is given by / (¥)= forx#3

18(x* —33)

( 3)5 forx#3
x_

It is given that / "(x) =

Find the x-coordinates of the points of inflection of the graph of y = f(x).
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b.The adjoining figure shows a basin in the form of a frustum of a right circular cone with a bottom. The slant length

of the basin is 30 ¢m and the radius of the upper circular edge is twice the radius of ﬂ

the bottom. Let the radius of the bottom be » cm. N

G

Show that the volume Vem® of the basin is given by >
fe——l

rcm

V:%mz 900—7> for 0<r <30,

Find the value of 7 such that volume of the basin is maximum.

158.a.Let f(x):m for x 23 .
(x-3)°
, 9(1—x)
Show that f"(x), the derivative of f{x), is given by J/ (X) = (x—3)’ for x#3

Hence, find the interval on which f{x) is increasing and the intervals on which f{x) is decreasing. Also, find the
coordinates of the turning point of f{x).

‘S oi "(x)= for x #3
It is given that J'(x) (x—3) .

Find the coordinates of the point of inflection of the graph of y = f(x).
Sketch the graph of y = f(x) indicating the asymptotes, the turning point and the point of inflection.

b.The adjoining figure shows the portion of a dust pan without its handle. Its dimensions in centimetres, are shown in

the figure. It is given that its volume x*hcm’® is 4500cm’ .

Its surface area S ¢m? is givenby § =252 4 3x/ -

Show that S is minimum when x=15.

159.a.Let x =cot(kt) and y = e, where k e R .

d’ d d
Show that (1+x2)—g;+x.—y—\/1+x2. AR
dx dx dx

b.Let y=L22, for x#1
(x=1)

Find

i. asymptotes

ii. stationary poins

iii.points of inflection

Showing clearly the above properties sketch a rough graph of y = f(x). Also, deduce the number of

solutions of the equation (x —4)(x—1)*-2(x—2)=0.
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c.A casket shown in the figure is to be formed with thin tin. The casket consists of a @
hollow hemisphere of radius » and hollow cylinder of radius 27. The hemispherical part W
is joined to the upper flat surface of the cylinder by

removing common area for both from the upper flat surface of the cylinder.

A
If the area of casket is A, show that 37 < \/; . Also find the values of » and 4 which @ \

maximise the volume of the casket.

Continuity
160.Discuss the continuity of the function 161.Discuss the continuity of the function
x—1, when x<0
1 1-cosx
=1—, when x=0 ————, when x#0
S 4 when at x=0. f(x)= x2 at x=0.
x?, when x>0 1, when x=0
162.For what value of £ is the function. 163. Examine the continuity of the function
i - x,l <x<l1
2 2
in2
R, w20 foy =12 x=1
Jx)=y x at the point x =0 2 at the point x =1
k, x=0 3
5 +x,1<x<2

—,x#0
164.Test the continuity of the function f(x) = | x| at the origin.

I, x=0
H when x#5
165. If the function f(x)=< x—-5 is continuous at x =5, find the value of £.
k, when x=5
166. Find the value of k for which the function 167. For what value of & is the function
kcosx T s
7=2x" A 3 x——2x—3 x#-1
= T _ > -
S ps 1s continuous at X =—7? fx)= x+1 1s continuous at x=-1.
3, X=_ 2 k x=-1
2 bl
-4
,x#=4 ) )
168. Show that /(x) =9 4—x is continuous at all points except at x =4 .
0 x=4

kx?,if x< 2
3, ifx>2

169. Find & so that f(x) = { is continuous at X =2,
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170. Locate the point of discontinuity of the function

4
x' =16
, when x =2
Sx)=9 x-2
16, whenx =2

171. Examine the continuity of the function

xsinl xz0
f(x) = x’
0, x=0

at x=0.

172. Show that the function f(x) = | x| is continuous at the origin.

cos x, when x>0

173. Show that /f(¥) = { " cosx, whenx<0

174. Show that the function

sin x
——+cosx, whenx=0

S =9 x

2, when x=0

|x , when x<2

175. Show that f(x) ={

|x , whenx>2

176. Examine the continuity of the function

SO =9 x-1" at x=1,
n, x=1

177. For what value of &, the function

|x—3,x¢3
k, x=3

f(X)={

1s continuous at x=3 ?

178.Show that the function J(¥) ={

(1—cos43x)tanx 1 <0
X
179.Let f(x) =1 24’ if x=0
A if x>0
V16+/x —4

4x* —3x, whenl<x <2

is discontinuous at x=0.

is continuous at x=0.

1s continuous at x =2.

19.For what value of £, the function

k+x,x<1
4x+3, x2>1

f(X)={

is continuous at x =1

5x—4, when0 < x<1

is continuous at x =1,

Show that the values of a for the function f{x) to be continuous at x=0 are 2 and -2.
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l—cozs4x ¥ <0
X
180. Let f(x) =14 a ;x=0
Jx
—_— ;x>0
V16 ++/x —4

Find the value of a so that the function is continuous at x=0.

2+5 5 ifx<2

181.Let g(x) =110  ; if x=2
3

XD i xs2
1-x

Show that g(x) is not continuous at x =2.

l—x ; 0<x<—
X
1 ; x=0
2

182, Let f(x) =1~ x=

.Le =3 = ; =—

2 2
3 1
——x; —<x<lI
2 2
1 ;o ox=1

1
Show that the function is not continuous at x =0, x=1 and continuous at X = 1

X +x?-16x+20 .
> ;if x#2

183. Let J(x) = (x—2)
k ;if x=2

Show that when k£ =7, f(x) is continuous at x =2

184. Discuss the continuity of the following functions at indicated points.

3 |
E—X, lf5§X<l %_x’ if 0<x<—
] 3 . . 1
iy f(x)= > if x=1 i) f(x)= {1, if x ==
i+)c, ifl<x<?2 i—x, ifL<xS2
2 2
atx =1
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