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This e-book, Differentiation, aimed to help students in
mathematics. Our target audience for this module are students
who take foundation courses. This e-book includes many
examples of varying types of questions on the topic of
differentiation, which would help students to become more
familiar with differentiation questions. Furthermore, solutions for
these questions are provided, which would also help students

learn how to solve familiar questions.
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2)f(x) = 4a* — 62 + 2
1
4) f(CB) = 53’,‘3 — 83’;2

5)f(z) =V

Solution

f(z) =2(32%) + 52> 1)

=6z +5
f'(z) = 3(42*71) — 2(62>71) + 22'712)
=122% — 122 + 2

f%w)::3mL*-F(_1mt4fn)m
2

=3 -z
f@0:3@ﬁ*)_z@ﬁ4gﬂ
= 152% — 16z
1 .
5) ¢ _ 1.1
fi@) =5
1 1
= —x 2
2
1




2.Differentiate each of the following with respect to x.
f(z) = z* — 32°1)
flz) = =Tz +22)
f(z) = 4a® — 222 + 523)
flz) = %182 + 3z + 14)
5 f(z) = vV +22°+3

Solution

fl(z) =4z 1 —2(32°1)1)
=423 — 6z

fl(z) = 4(-72* ") +2'12)
= —28z% +1

fl(z) = 3(4:133*1) — 2(2:::271) +5z1713)

=12z" — 4z +5
) L (2o 1-1
4) f'(x) =2 P + 3z
=x+3
' | 2-1
5)f'(z) = 52 +2(22*1)
1 .
= Eaf? + 4z
1
= + 4z

2V



3.Differentiate each of the following with respect to x.
f(z) = 22° — 2*1)

2f(a) = >+ Ve

3)f(@) = 32" — a°
f(z) = 32° + 9z 4)

5) f(x) = 62° + %

Solution

= 10z* — 42°

1 .
2)f'(z) = —1(43:7171) + 53;?’1
4z 1

_+—
2 2z

f'(z) = 9(3z" ") + 32* '3)
= 27z% + 327

f(z) =5(32""") +9z'"'4)
= 152" 4+ 9

f(z) =3(62* 1) + (—lm(*lfl))5)

— 18z% — 272

10



4 Differentiate each of the following with respect to x.

) =
(@) = Vz2)
f(z) =2 7 —83)
4) f(z) =1 — 623
5) f(z) = a* + 227

Solution

f(z) =23z — 4(42* 1))
=23 — 162"

2) f'(z) =

11



5.Differentiate each of the following with respect to x.

3

1) f(z) = 5o* — 4o}

Solution

() ()

12
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Theorem
Lety = uv, where u and v are two differentiable functions,then
fl(z) = uv' + vu
Differentiate each of the following in respect to x.
f(z) = (2 — 1)(4z + 3)1)
f(z) = 423 (2 — 3z)2)

Solution
f(z) = (2z — 1)(4z + 3) 1)
u=2zx—-—1 v=4z+3
u, =92 'U'r =4

f'(z) = w' + v/
— (22 — 1)(4) + (42 + 3)(2)
=8 —4+8x+6

=16z + 2
f(z) = 423(2 — 3x) 2)
u = 4x° v=2—3x
u' = 8z v =-3

f'(z) = uv' + vu
= (4z)(—-3) + (2 — 3x) (8932)
= —12z + 162% — 2423

15
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1.Find the derivatives of the following functions.

1)f(z) =sinz
2)f(z) = cos 2z
3)f(z) = sin 2z
f(z) = sin (2z) + 4z
Solution
fl(z) = cosx(im)l)
dx
= CcoS T
f’( ) = —SiﬁZm(i2$)2)
v dx
= —2sin 2z
f'(z) = cos 2z (izgj)g)
"= dx
= 2cos 2x

T
= 2cos2z +4

f'(z) = cos 2z (diz:r) + 421714)

18



2.Find the derivatives of the following functions.
f(z) = cos® x
f(x) = 3cosz — 2sin 2z
3)f(z) = tan2z

pnf(z) = tan? z

Solution
d
f'(z) =2cos’ 1z (%cos :v)l)

= 2cosz(—sinx)
= —2coszsinx

f'(z) = —3sinz — 2sin2z(2)2)
= —3sinx — 4sin2x

f'(z) = sec’ 2z (%2:{:)3)

— 2sec? 2z

€T

f'(z) =2tan* 'z (ditan $)4)

— 2tanzsec’z

19



3.Find the derivatives of the following functions.
a)f(z) = cos 3z
b)f(z) = tandz
of(z) = sin’z + cos® ©

d)f(z) = tanz + cot z

e)f(z) = sin2z + cos 3z

Solution

f'(z) = cos 3z(3)a)
= 3cos 3z

f'(z) = sec? 4z(4)b)
= 4sec’ 4z

f'(z) = 2sin* ' z(cos z) + (2cos* ' z(—sinz))C)
=2sinxcosx — 2coszsinzx
=0

f'(z) = sec® x — csc? zd)
f'(z) = cos2z(2) + (—sin 3z(3))e€)

= 2cos2x — 3sin3x

20



4.Find the derivatives of the following functions.
a)f(z) = tan 5z
b)f(z) = sin3z
co)f (&) = cos 2z

d)f(z) = tanzcot x

Solution
f'(z) = sec® 5z(5)a)
— 5sec’ bz
f'(z) = cos 3z(3)b)
= 3cos3zx

f'(z) = —sin2z(2)c)
= —2sin2x

f(z) =tanz cotx d)

uw—=tanx v=-cotzx
2

u =secz v =—csc’x
fl(z) =uw + vu
= (tanz)(csc® ) + (cot z) (sec® z)

— tanz csc’ + cotx sec’ x

21
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Example:

fz) = e*
o) - ()

1.Find f' (%) of the following functions.

a) flz) = e’
b)f(z) = e *
c)f(af) = e

ayf(z) = 2¢

Solution
f'(z) = €*(3)a)
= 3¢
f'(z) = e **(-2)b)
= 2

£/(@) = e (4)0)
_ 4e4m

f'(z) = 2e73%(—3)d)
= —6e 3?

24



2.Differentiate each of the following with respect to x.
a)f(;c) = e 4 37

—T

yf (@) = e
of(z) = e + 4e**
of(e) = — 3

e)f(x) = ete

Solution

f(z) = e*(2) — 3¢ “a)

— 2e%* _ 377

f'(z) = e**(2) + e "b)
=2 +e®

f'(z) = e°*(5) + 4e**(2)0)
— 55T | ge

f'(z) = e **(—4) — 3¢3(3)d)
_ g tr g

f(:z:) _ e4m—3me)

eﬁ’,'

fi(z) =€’

25



DAL TR TR

R

Rty
R \
/,/f/;/,,,//////// B

/////f///////////

SN

s

SN
Sy
////,///////

SRR N

A o £
/,ﬂ/,ﬂ//m//M/ //w,//m,/é .

o
=
£ c
=0
R
85
d Ll

[
O
%)
[
=
—
<
=
e
L]
A

, z

//////%///////,ﬁ

NHK
MK \
// \

- RN \
QAN

AN N\ .‘

VIR

. ‘
R
/,///////fa//mwx///v

O\ )

S A
NN
s

SN
A

&)



4 ;!.
4HN////VN,////,%/H/// / MV ;_
7 - /////////f/, < P_
NN \ TN
=\ NN )

A

7

—,

L

=

=

L4
|
\
/O‘..MWL,// M‘ N
/%%%w////,/// M,»\.

UMY

S NN : :
TR ot
S ﬁ_o///vﬂ//ﬂ/%,, < N

QA

NN T

SOLUTIONS

a1 .,

L (R

TR =\
e ///////M// 3 \,

)\ ..,/u/.//W//,,A/./////&

-:hu,‘ w

\J



Simple Logarithmic Functions

1.Find the derivatives of the following functions
f(z) =1n (mz))a)

b)f(z) = In (sinx)
f(z) = In(cos z)c)

d) f(2) = In (e*)

Solution
, 1
flz) = —(22)3)
_2
, B 1
fiz) = —(cosz)b)
=cotzx
oy 1 .
fi(z) = p— (—sinx)c)
= —tanzx
f(z) = 2zd)
flz)=2

28



Sums and Differences in Logarithmic Functions

1.Differentiate the following functions with respect to x.

a) f(z) = In (z* + 22?)
b)f(z) = In(2z + 1)
c)f(z) = In (3x + 4)
d)f(z) = In (5z° + 2z)
Solution
. A3 + Ax
ozt 4222
b) f'(z) = L 2
(@) = 5 (2)
B 2
2z +1
! 1 3
OFf @) =557 0)
_ 3
- 3x+4
d) f(z) = — (10 + 2)
S5x? + 2x
B 10z + 2
 Bz2 4+ 27

29



2.Find the derivatives of the following functions.

A f(z) = In (& + 22)
b) f(z) =1 (4$2+3.’E+1)
¢) f(z) = In (22° + )
d)f(z) = In (52" + 22° + 3)
Solution
1
Q) f'(z) = ——— (32° + 2
)£ (@) as3+2:n($+ )
B 3z2 4+ 2
23+ 22
b)f'(z) = 8z + 3
(@) = e (82 +9)
B 8xr +3
 4x2+ 3z +1
of'(z) = ;(61'2 +1)
223 +
B 622 + 1
23 4z
d)yf'(z) = = (202* + 4z)
54 4+ 222 + 3
B 2023 + 4z
Bzt + 222+ 3

30



Trigonometry in Logarithmic Functions

1.Differentiate the following functions with respect to x.
a)f(z) =In(tanz)
b) f(z) = In (sin 2z)
c) f(x) = In (cos 3x)
d)f(z) = In (tan 4z)

Solution

a)f'(z) = (sec® z)

31



Exponential in Logarithmic Functions

1.Find the derivatives of the following functions.

8) f(z) = In (e7%7)

b)f(z) = In (¢')
¢)f(z) =1n (823:) In (cos 2z)
d)f(z) = In (¢** xsinx)
Solution
) f(x) =
() =3
b) f(z) = 4z
Fla) = 4
o) f(z)=2— p— (—2sin 2x)
=2+ 2tan2z

df(z) = In (e**) + In(sinz)

flz) =2+ =
sin
=2+ cotzx

(cos x)

32



2.Differentiate the following functions.
a) f(z) = In (e **™) — In (tan 3z)
b) f(z) = In (csc4x)
c) f(x) = In (sec bx)
d)f(z) = In (cot 6z)

Solution
a)f(z) = (—3z +4) — In(tan 3z)
! _ a9 2
fi(z)=-3 ey (3sec” 3z)
_ 3sec? 3z
- tan 3z
b) f'(z) = ! (—4 csc 4z cot 4z)
~ cscdx
= —4cotdz
A f'(z) = ! (5 sec bz tan 5z)
T = ~ecta sec bx tan bx
= btanbzx
d)f'(z) = ! (—6 csc® 6z)
cot 6z
_ —6csc b
~ cot6zx

33
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