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CATHOLIC JUNIOR COLLEGE

ADDITIONAL MATHEMATICS 4018

AO MATHEMATICS 8174

DIFFERENTIATION ( BASIC FORMULA AND CHAIN RULE

SUMMARY 


Notation

:  for first derivative: 
 eq \f(dy,dx)  = y’

 
 eq \f(d,dx) f(x) = f ’ (x)



   For second derivative :
 eq \f(d2y,dx2)  =  eq \f(d,dx) 

 eq \b(\f(dy,dx)) = y” 
 eq \f(d,dx2) f(x) =  eq \f(d,dx) 

 eq \b(\f(d,dx) f(x)) = f ” (x)
Basic formula
:   eq \f(d,dx) ax​n   = anxn-1

Sum

:  eq \f(d,dx) [ f(x) ( g(x) ] =  eq \f(d,dx) f(x) (   eq \f(d,dx) g(x)

Chain Rule
:  eq \f(d,dx)  f[g(x)] =  f ’ [g(x)] g’(x)

ASSIGNMENT

Standard Differentiation

1.    Differentiate the following with respect to x (where a and b are constants)

a)   3x2 + 4x ( 1

[6x + 4]


b)  x 4 ( 7x2 + 6x

[4x3 ( 14x + 6]

c)   2x3 + 5x2 ( 4x + 9

[6x2 + 10x ( 4]

d)  4x +  eq \f(2,x) 

[4 (  eq \f(2,x2) ]

e)   9x2 (  eq \f(3,x2) 


[18x +  eq \f(6,x3) ]

f)   eq \f(6,x3) (  eq \f(1,x) + 3

[(  eq \f(18,x4)  +  eq \f(1,x2)  ]

g)   3a + bx2


[2bx]


h)  5x2 +  eq \f(4,x) ( 2

[10x (  eq \f(4,x2) ]

i)   3x + 2 eq \r(x)  ( 3

[3 + x ( ½ ]

j)  8x2 + 3x (  eq \r(x) 

[16x + 3 (  eq \f(1,2) x ( ½ ]

k)  2x 5/2 ( 4x 3/2 ( 6x + 8
[5x 3/2 ( 6x ½ ( 6]

l)  6x eq \r(x) 
( 6 eq \r(x) 

[9x ½ ( 3x ( ½]\

m)  4x2 eq \r(x) (  eq \f(6,\r(x)) 

[10x3/2 + 3x ( 3/2]

n) ax (  eq \f(b,x) 

[a +  eq \f(b,x2) ]

2.    Differentiate the following with respect to x
a)   eq \f(2x2 + 4x,x) 


[2]


b)   eq \f(x2 ( 6x + 4,x) 

[1 (  eq \f(4,x2) ]

c)   eq \f(4x3 ( 5x ( 3,2x)  

[4x +  eq \f(3,2x2) ]

d)   eq \f(x2 + 4,2x2) 

[(  eq \f(4,x3) ]

e)   eq \f(3x2 + x ( 1,\r(x)) 

[ eq \f(9x2 + x + 1,2x\r(x)) ]

f)   eq \f(6x2 ( \r(x) + 2,2x) 

[3 +  eq \f(1,x3/2)  (  eq \f(1,x2 ) ]

Chain Rule

3.    Differentiate the following with respect to x
a)   (x + 2)5 


[5(x + 2)4]

b)  (2x ( 1)4

[8(2x ( 1)3]

c)   (  eq \f(1,4) x + 2)5

[ eq \f(5,4) ( eq \f(1,4) x + 2)4]

d)  (1 ( 4x )10

[( 40(1 ( 4x)9 ]

e)   (2 ( 3x) ( 2

[6(2 ( 3x) ( 3]

f)  (1 ( x)1/2

[(  eq \f(1,2) (1 ( x) ( ½ ]

g)   3(3 ( 4x)5

[(60(3 ( 4x)4]

h)  4(2x + 7)(1

[( 8(2x + 7)(2 ]

i)   6(1 (  eq \f(1,2) x) ( 1

[3(1 (  eq \f(1,2) x) ( 2 ]

j)   eq \f(2,3) (6x + 5) (  ½ 

[( 2(6x + 5) ( 3/2 ]

k)    eq \r(2x ( 3) 


[ eq \f(1,\r(2x ( 3)) ]

l)   eq \r(6 ( 2x) 

[(  eq \f(1,\r(6 ( 2x)) ]

m)    eq \r(x2 ( 2) 


[ eq \f(x,\r(x2 ( 2)) ]

n)    eq \r(5 ( 3x2) 

[(  eq \f(3x,\r(5 ( 3x2)) ]

o)    eq \r(x2 ( x + 1) 

[ eq \f(2x ( 1,2\r(x2 ( x + 1)) ]

p)    eq \r(x2 + 2x + 2) 

[ eq \f(x + 1,\r(x2 + 2x + 2)) ]

q)   (2x3 ( x)6 

[6(6x2 ( 1)(2x3 ( x)5]
r)   eq \f(1,(1 ( 3x2)3) 

[ eq \f(18x,(1 ( 3x2)4 )]  
s)    eq \f(1,2(3x ( 2)2) 

[(  eq \f(3,(3x ( 2)3 )]

t)   2(x2 ( 4x + 2) ½ 
[ eq \f(2x ( 4,\r(x2 ( 4x + 2)) ]

u)  (x (  eq \f(1,x) )3


[3(1 +  eq \f(1,x2) )(x (  eq \f(1,x) )2 ]
v)   ( eq \r(x) 
+ 2x)4

[( eq \f(2,\r(x) ) + 8)( eq \r(x) + 2x)3]

Additional Exercise

Chain Rule

TYS p(36)2 Q1, 2, 3, 4, 5, 9, 10, 12, 14
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DIFFERENTIATION ( PRODUCT RULE AND QUOTIENT RULE

SUMMARY 


Product Rule
:   eq \f(d,dx)  f(x)g(x) = g(x) eq \f(d,dx) f(x)  + f(x)  eq \f(d,dx) g(x)

Quotient Rule
:   eq \f(d,dx) 

 eq \f(f(x),g(x))  =  EQ \F(g(x)\f(d,dx)f(x) ( f(x)\f(d,dx)g(x),[g(x)]2) 
ASSIGNMENT

Product Rule

1.    Differentiate the following with respect to x.

a)  (x ( 1)(x + 2)2

[3x(x + 2)]

b)   x(2x ( 1)3

[(2x ( 1)2(8x ( 1)]

c)  (1 ( 2x)(3x + 2)4

[(8 ( 30x)(3x + 2)3 ]
d)   (x2 + 1)(1 + x)2
[2(1 + x)(2x2 + x + 1)] e)  x2 (1 ( 4x)3

[2x(1 ( 4x)2(1 ( 10x)]
f)    x(1 ( x2)2

[(1 ( x2)(1 ( 5x2)]

g)  (x2 ( 2x + 2)(2x + 1)2
[2(2x + 1)(4x2 ( 5x + 3)]
h)   (1 ( x2)(1 + 4x)3
[2(1+4x)2 (6(x( 10x2]

i)   (1 ( x2)2(1 + 2x2)

[(12x3(1 ( x2)]

j)    (x + 1)4(1 ( 2x)3         [(2(x+1)3(1(2x)2(7x+1)]
k)   (x2 ( 3x + 4)(1 (  eq \f(1,2) x)2
[(1 (  eq \f(1,2) x)((2x2 +  eq \f(13,2) x(7)]
l)   (x2 +6)(1(2x(4x2)

[2x(1 ( 2x ( 4x2) ( 2(x2 + 6)(1 + 4x)]

m)    eq \r(x) (1 ( x)2

[ eq \f((1 ( 5x)(1 ( x),2\r(x)) ]

n)   x eq \r(1 + 2x) 

[ eq \f(1 +3x,\r(1 + 2x)) ]

o)   (2x + 3) eq \r(1 ( 4x) 

[ eq \f(4(2 ( x),\r(1 ( 4x)) ]

p)   (x2 + 1) eq \r(x + 1) 
[ eq \f(5x2 + 4x + 1,2\r(x + 1)) ]

q)   x2  eq \r(1 ( 2x2) 

[ eq \f(2x ( 6x3,\r(1 ( 2x2)) ]

r)    (4x ( 1) eq \r(3x2 + 1)    
[ eq \f(24x2 ( 3x + 4,\r(3x2 + 1)) ]

s)   x(x + 1)(x + 2)3

[(x + 2)2(5x2 + 8x + 2)]
t)    x2(x ( 1) eq \r(5 + 6x) 
[ eq \f(5x(x ( 1)(3x + 2),\r(5 + 6x)) ]

Quotient Rule

2.    Differentiate the following with respect to x.

a)    eq \f(x,x + 1) 


[ eq \f(1,(x + 1)2 )]

b)    eq \f(5x,2x + 1) 

[ eq \f(5,(2x + 1)2) ]

c)    eq \f(1 ( 4x,1 + x) 


[(  eq \f(5,(1 + x)2)]

d)    eq \f(1 ( x,1 ( 2x) 

[ eq \f(1,(1 ( 2x)2) ]

e)    eq \f(x2,x + 3) 


[ eq \f(x2 + 6x,(x + 3)2) ]

f)    eq \f(3x2,(1 ( 4x)) 

[ eq \f(6x(1 ( 2x),(1 ( 4x)2) ]

g)    eq \f(x2 + 1,2x ( 1) 


[ eq \f(2(x2 ( x ( 1),(2x ( 1)2) ]

h)    eq \f(2x3,1 ( x) 

[ eq \f(2x2(3 ( 2x),(1 ( x)2) ]

i)    eq \f(1 ( x2,1 + x2) 


[(  eq \f(4x,(1 + x2)2) ]

j)    eq \f(2x2 + x + 1,1 ( 2x) 

[(  eq \f((2x ( 3)(2x + 1),(1 ( 2x)2 )]

k)    eq \f(x2,(1 + x)2) 


[ eq \f(2x,(1 + x)3) ]

l)    eq \f(1 ( 2x2,1 ( x3) 

[ eq \f(x(( 4 + 3x ( 2x3),(1 ( x3)2) ]

m)    eq \f(\r(x),1 + x ) 


[ eq \f(1 ( x,2\r(x)(1 + x)2) ]

n)    eq \f(x,\r(1 ( x)) 

[ eq \f(2 ( x,2(1 ( x)3/2) ]

o)    eq \f(2x,\r(2x + 1)) 


[ eq \f(2x + 2,(2x + 1)3/2) ]

p)    eq \f(x + 1,\r(1 ( 4x) )

[ eq \f(2(1 ( x),(1 ( 4x)3/2) ]

q)    eq \f(5x,\r(1 ( x2)) 


[ eq \f(5,(1 ( x2)3/2) ]

r)    eq \f(3x2,\r(2x2 ( 3)) 

[ eq \f(6x(x2 ( 3),(2x2 ( 3)3/2) ]

Additional Exercise

Product
Rule
TYS p(34)2 Q1, 2, 4, 5, 7, 9, 10, 12, 13, 15

Quotient Rule
TYS p(35)2 Q1, 3, 4, 7, 10, 12, 13, 14, 15, 16
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DIFFERENTIATION ( TRIGONOMETRY

SUMMARY 


Trigonometric formula:  
 eq \f(d,dx) sin [f(x)] = f ’(x) cos [f(x)]

 eq \f(d,dx) cos f(x) = ( f ’(x) sin [f(x)]

 eq \f(d,dx) tan [f(x)] = f ’(x) sec2  [f(x)]

ASSIGNMENT

1.    Differentiate the following with respect to x.

a)   4 sin x ( 3

[4 cos x}


b)  x2 ( 5 cos x

[2x + 5 sin x]

c)   2 sin x + 3 cos x 

[2 cos x ( 3 sin x]

c)  4 x2 + 3 tan x

[8x + 3 sec2 x]

e)   x2 cos x


[2 x cos x ( x2 sin x]
f)   x tan x

[tan x + x sec2 x]

g)   (x + 1)2 sin x

[(x+1)2cos x + 2(x+1)sinx]
h)    eq \f(1 ( 2 sin x,cos x) 

[ eq \f(sin x ( 2,cos2 x) ]

i)   (1 ( cos x)3

[3 sin x (1 ( cos x)2]
j)   (3 sin x + 2)2

[6 cos x (3 sin x + 2)]

k)    eq \r(2 ( tan x) 

[(  eq \f(sec2 x,2 \r(2 ( tan x)) ]

l)    eq \r(sin x + 2 cos x) 
[ eq \f(cos x ( 2 sin x,2\r(sin x + 2 cos x)) ]

2.    Differentiate the following with respect to x.

a)   sin 3x + cos 4x

[3 cos 3x ( 4 sin 4x]
b)  4 sin  eq \f(1,2) x

[2 cos  eq \f(1,2) x]

c)   sin (2x ( 5)

[2 cos (2x ( 5)]

d)  cos (2x +  eq \f((,3) )

[( 2 sin (2x +  eq \f((,3) )]

e)   3 tan 2x


[6 sec2 2x]

f)   6 tan  eq \f(1,2) x

[3 sec2  eq \f(1,2) x]

g)   2 cos ( eq \f((,4) ( x)

[2 sin ( eq \f((,4) ( x)]

h)   8 sin ( eq \f(3x ( 5,4) )

[6 cos ( eq \f(3x ( 5,4) )]

i)    sin x cos 3x
       [cos x cos 3x ( 3 sin x sin 3x]
j)   (1 + x2) tan 5x    [2x tan 5x + 5(1 + x2)sec2 5x]

k)    eq \f(x,cos 2x) 


[ (1 + 2x tan2x) sec 2x]
l)    eq \f(cos x,sin 3x)          [(cosec 3x (sin x + 3cosx cot 3x)]

m)   2 sin3 x


[6 sin2 x cos x]

n)   sin 2x ( 3 cos4 x      [2cos2x + 12 cos3x sinx]

o)   cos2 3x


[( 3 sin 6x]

p)   x + 3 sin5 2x

[1 + 30sin42x cos 2x]

q)   4 tan2 5x + 3

[40 tan 5x sec2 5x]
r)   x cos7 2x
   [cos72x ( 14x cos62x sin 2x]

s)   (1 ( x)2 sin4 x
[(2(1(x)sin4x + 4(1(x)2sin3x cos x]
t)    eq \f(cos2 x,x) 
        [ eq \f(( 2 cos x sin x ( cos2 x,x2) ]

3.    Using  eq \f(d,dx) sin x = cos x, show that  eq \f(d,dx) cosec x = ( cosec x cot x.

Additional Exercise

Formula

TYS p(37)2 Q1, 2, 4, 6, 7, 9, 12, 14, 15, 17, 

TYS p(38)2 Q1 to 10
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DIFFERENTIATION ( EXPONENTIAL AND LOGARITHM

SUMMARY 


Exponential formula:
 eq \f(d,dx) e f(x) = f ‘ (x) e f(x) 
So,  eq \f(d,dx) ex = ex 
 eq \f(d,dx) ax = ax ln a

Logarithmic formula:
 eq \f(d,dx) ln [f(x)] =  EQ \F(f ' (x),f(x)) 
So,  eq \f(d,dx) ln x =  eq \f(1,x) 
ASSIGNMENT

Exponential and Logarithmic Functions

1.    Differentiate the following with respect to x:

a)   5ex


[5ex]


b)   e5x


[5e5x]

c)   e3x + 1


[3 e3x + 1]


d)   ex eq \s\up(2) + 7

[2xex eq \s\up(2) + 7]

e)   e(x 


[ eq \f(1,2\r(x)) e(x]

f)   e5\x


[( eq \f(5,x2) e5\x]

g)   eax eq \s\up(2) + bx


[(2ax + b) eax eq \s\up(2) + bx]
h)   ex +  eq \f(1,ex) 

[ex (  eq \f(1,ex) ]

i)    eq \f(1,\r(ex)) 


[(  eq \f(1,2\r(ex)) ]

j)   (ex (  eq \f(1,ex) )3 

[3(ex (  eq \f(1,ex) )2 (ex +  eq \f(1,ex) )]

k)   esin x


[esin x cos x]

l)    ea sin bx

[ab cos bx ea sin bx]

m)  esec x


[esec x sin x sec2 x]

n)   ecosec x

[(cos xcosec2 xe cosec x] 

o)   x2 ex


[2xex + x2ex]

p)   ex cos x

[cos x ex ( sin x ex]

q)    eq \f(1,2) x2 esin x


[ eq \f(1,2) x2 esin x cos x + xesin x]
r)     eq \r(x) e ( x

[ eq \f(1,2\r(x)) e ( x (  eq \r(x) e (x]

s)   ex sin 2x


[ex sin 2x + 2 ex cos 2x ]
t)    x2 e( x eq \s\up(2) 

[2x e( x eq \s\up(2) ( 2x2 e( x eq \s\up(2) ]

u)    eq \f(ex,\r(x)) 


[ eq \f(ex,\r(x))  (  eq \f(ex,2\r(x3)) ]

v)    eq \f(x cos x,ex) 
    [ eq \f(cos x ( x sin x ( x cos x,ex) ]

w)  ex (cos x ( sin x)

[( 2 sin x ex]

x)   e3x sin 4 2x   [e3x sin 3 2x(8 cos 2x + 3sin 2x)]

y)    eq \f(3,5e4x ( 3) +  eq \r(e7x ( 3) 

[ eq \f(1,10e4x ( 3) (35e7.5x ( 4.5 ( 24)]

2.    Differentiate the following with respect to x:

a)   ln x3


[ eq \f(3,x) ]


b)   ln (3x + 2)

[ eq \f(3,3x + 2) ]

c)   ln (x3 + x)

[ eq \f(3x2 + 1,x3 + x) ]

d)   ln (5 ( x)

[ eq \f(1,x ( 5) ]

e)   ln (3 ( x3)

[ eq \f(3x2,x3 ( 3) ]


f)   ln  eq \r(1 + x) 

[ eq \f(1,2(1 + x)) ]

g)   ln (2x + 5)3

[ eq \f(6,2x + 5) ]


h)   ln tan x 

[ eq \f(2,sin 2x) ]

i)    ln cos x


[( tan x]


j)   ln  eq \r(\f(1 ( 3x,2x + 1)) 

[ eq \f(3,2(3x ( 1)) (  eq \f(1,2x + 1)]

k)   ln  eq \r(3,\f(x2,5x + 4)) 

[ eq \f(2,3x) (  eq \f(5,3(5x + 4)) ]

l)   lg 2x


[ eq \f(1,x ln 10) ]

m)  loga sin x


[ eq \f(cot x,ln a) ]


n)   loga (x3 + 1)

[ eq \f(3x2,(x3 + 1)ln a)]

o)    eq \f(ln x,x) 


[ eq \f(1,x2)(1 ( ln x)]

p)   (1 + x2)3 ln 7x
   [ eq \f((1+x2)3,x) + 6x(1 + x2)2 ln 7x]

q)   ln (5x ( 1)2

[ eq \f(10,5x ( 1) ]


r)     eq \f(ln x,5x) 


[ eq \f(1 ( ln x,5x2) ]

s)    3x2 ln 5x 

[3x + 6xln 5x]

t)    eq \f(sin 2x,ln x2) 

[ eq \f(cos 2x,ln x) (  eq \f(sin 2x,2x (ln x)2) ]

u)   ln ( eq \r(x) ( 1)2

[ eq \f(1,x ( \r(x)) ]

Miscellaneous questions

3.    <JJC 02/1/8>  Given that y = sin 3x (  eq \f(1,3) sin3 3x, prove that  eq \f(dy,dx) =  3 cos3 3x.

4.    <AJC 02/1/2>  Given that  eq \f(d,dx) [(2x + 3)3(x ( 4)] = (2x + 3)2(ax + b), find a and b. [8, (21]

5.    <RJC 02/1/18a>  Given that y = e(3x cos 6x, find the value of  eq \f(dy,dx)  when x = 2.  [0.00171]

6.    <JJC 02/2/5a>  Differentiate with respect to x: i)  eq \f(ln 3x,1 ( x2)     ii)  xe2x  .

[ eq \f(1 ( x2 + 2x2 ln 3x,x(1 ( x2)2) , e2x (2x + 1)]

7.    <NYJC 02/2/6> Differentiate with respect to x: i)  eq \f(3x ( 1,x + 4)     ii) e2x tan 3x    iii) (1 + ln x2)3.

[ eq \f(13,(x ( 4)2) , e2x  (3sec2 3x + 2 tan 3x),  eq \f(6,x) (1 + ln x2)2 ]

8.    <NJC 02/2/3> Differentiate with respect to x: i) e4x sin3 4x   ii)  eq \f((3x ( 1,2x3 ( 7) .

[4e4x sin2 4x (3 cos 4x + sin 4x),  eq \f(12x3 + 6x2 + 21,(2x3 ( 7)2) ]

9.   <PJC 02/2/6> Differentiate with respect to x: i)  eq \f(\r(,x),1 + 2x)  ii) (2x ( 1)2 ex/2  iii) ln (sin x cos x)

[ eq \f(1 ( 2x,2\r(,x) (1 + 2x)2) ,  eq \f(1,2) ex/2 (2x ( 1)(2x +7),  eq \f(( sin2 x + cos2 x,sin x cos x) ]

10.  <SAJC 02/2/6> Differentiate with respect to x: i) e2x sin x    ii) ln  eq \r(\f(x + 1,1 ( x)) .

[e2x cos x + 2 e2x  sin x,  eq \f(1,2(x + 1))  +  eq \f(1,2(1 ( x)) ]

11.  <SRJC 02/2/1> Differentiate with respect to x: i)  eq \f(sin x,2 + cos x)   ii)  e2x (5 ( 4x2)3.

[ eq \f(2 cos x + 1,(2 + cos x)2)  , 2 e2x (5 ( 4x2)2 (5 ( 12x ( 4x2) ]

