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After completing this chapter you should be able to

differentiate a composite function using the chain
rule

differentiate functions that are multiplied together by
using the product rule

differentiate rational functions using the quotient rule

differentiate variations on the functions of e* and
In(x)

differentiate variations on the functions sinx, cosx
and tanx.

Differentiation

Differentiating enables you
to find the gradient of a
curve. In this example we
could calculate how quickly
the tide is rising at any given
time.

This chapter allows you to explore in greater
detail some of the real life examples mentioned
in this, and earlier books.

For example it was mentioned in Core 2 that
the rise and fall of a tide can be modelled by a
trigonometric graph.
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8,1 You need to be able to differentiate a function of a function, using the chain rule.

B The chain rule enables you to differentiate a function of a function. In general,

o if y =[f(x)]" then gy— = n[f(x)]" ~1f'(x)
dx You should learn these
results.

e ify =flg()] then % =f'[g(x)]g’ (x)

Given that y = (3x* + x)° find % using the chain rule.

Here f(x) = 2x* + x
So f'(x) = 12x° + 1

Using the chain rule

d
d—z = 5(3x* + x)*(12x° + 1) » This uses the chain rule with n= 5.
=5(12x> + 1)(3x* + x)*

d
Given that y = V5x2 + 1 find the value of ay at (4, 9).

Let f(x) = Bx? + 1
Then f'(x) = 10x

Using the chain rule

j_ (5x2 L) 2(1Ox) e This time n =% and %(10x) is simplified to 5x.

Substitute x = 4 to give the required value.
=bx(Bx?+ 1) 2 /
Required value is 25.
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B Another form of the chain rule is
S _dy du
dcv du dx
where y is a function of u, and u is a function of x.

d
Given that y = (x> — 7x)* find a%, using the chain rule.

Let u = x% — 7x, then y = u*

When the substitution is not given in a

du —ox—7 and day — 445 question you should put the bracket equal
dx dau tou.
Then, using the chain rule, —— Use the chain rule to find %
ﬁ’i = d_y X d_u Ensure that you give your answer in terms of
dx du dx x, with no u terms present.
=45 X (2x —7)

= 4(2x — 7)(x* — 7x)°

1 d
Given that y = o3 find the value of ay at (2, 3).
x —

Let u=6x — 3, theny = u"z

Put u equal to the expression in the bracket.

du dy 1
— =0 and ——=—zu
ax du

d d d
Then,ae—yz—yx—u
dx du  dx

o)
2

= —3(6x — 3)~

: 1
Required value is —s. Substitute x = 2 to give the required value.

B Also a particular case of the chain rule is the result

Then you make % the
d dx d
This arises since L4 X —= L4 =1

= subject of the formula.
dc dy dy
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d
Find the value of a% at the point (2, 1) on the curve with equation y* +y = x.

ax Start with x = y3 + y and differentiate with
E =3y~ +1 respect to .
dy 1
é% = 21+ Use e &
dx 15y 1 dy
B Substitute y = 1.

1 Differentiate:

a (1+2x)° b (3222 ¢ (3+4x)? d (6x +x?)
e 1 f V7 —x g 4(2 + 8x)* h 38—-x)°
34+ 2x
2 Given thaty = . find the value of W at (4, 1)
(4x + 1)2 dx

d.
3 Given that y = (5 — 2x)3 find the value of ay at (1, 27).

d;
4 Find the value of ay at the point (8, 2) on the curve with equation 3y? — 2y = x.

D=

d PR
5 Find the value of ay at the point (23, 4) on the curve with equation y2 +y 2 = x.

You need to differentiate functions that are multiplied together, by using the
product rule.

B To differentiate the product of two functions, differentiate the first function and leave the
second function alone, then differentiate the second one and leave the first function alone,
then add all this together.

° Ify=uvthenﬂ=ud—v+vd—u,
dx dx dx

where u and v are both functions of x. This is called the product rule.

Here is a proof of this rule:

Let y = uv where u and v are two functions of x. Suppose that a small increment & in the
variable x results in a small change 6u in u and a small change év in v, which in turn results in a
small change §y in the variable y.

Then y+ 8 = (u+ du)(v+ &v) @)
But y=uv @
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Subtract D) - Q)

oy = (u+ éu)(v+év) —uv
=uv+udv+ véu + dudv — uv

— UV + VSU + Susy You will not need to
prove this result in an
&y - v + V5_” + ou Sv examination.
ox fovd

oy dy 6u du ov dv
As &x - 0then ——>—, — —>— — .
S & — enéx%dx &edxan 8x_>dx

Also 6v— 0 and thus égﬁv —0.

d d d You should learn this
W _ v, du result, and learn where it
dx de dx is appropriate to use it.

Given that f(x) = x?V 3x — 1, find f'(x).

Recognise that this is a
product of two functions.

N|—

Let u =x%and v=Vdx —1=(3x 7 1)

du do : 1 The second function is a function of a
Then — =2x and — =3 X 3(2x — 1) 2 function and requires the chain rule.
dx dx
. dy dv du
Using — = u—+ u——
dx dx dx

_1
F(x) =x2 X 5(3x — 1) 2 + VBx — 1 X 2x

BxZ2 + 12x% — 4x

2Vax — 1
15x% — 4x
- NBx — 1 Cpllect terms to simplify, and factorise to
give the final answer.
_ x(1Bx — 4)
2Vox — 1

1 Differentiate:
a x(1+3x)° b 2x(1 + 3x?)3 c x3(2x + 6)* d 3x%(5x —1)7!

2 a Find the value of :_ilxz at the point (1, 8) on the curve with equation y = x?(3x — 1)3.
d 1
b Find the value of axz at the point (4, 36) on the curve with equation y = 3x(2x + 1);
d
¢ Find the value of axz at the point (2, 1) on the curve with equationy = (x — 1)2x + 1)~ .

3 Find the points where the gradient is zero on the curve with equation y = (x — 2)2(2x + 3).
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8,3 You need to be able to differentiate rational functions using the quotient rule.

u(x
B A rational function has the form ;Ex—;, where u(x) and v(x) are functions.

ydu _ dv
uw) then dy = dv 3 d
v(x) dx v

This is called the quotient rule.

[} Ify:

Example
X
Given that y = —— find d—y
26+ 5 dx

letu=xandov=2x+5

du dv
—=land—=2
dx dx
Ud_u — uég Recognise that y is a quotient and use the
. dy dx dx quotient rule.
Using — = 2
dx v
d_y_ 2x+5)X1T—xX2
dx (2x + B)?
_—5 - Simplify th tor of the fracti
(2x + 5)2 implify the numerator of the fraction.

u
By expressing y = " asy = uv_!, prove the quotient rule.

You can use the product rule to give

d d dau
E:Z = ud_(v 1) + U*1d_
X X T X Use the chain rule to differentiate v—".
( 2dv> _du
=u\ - “—J|+0 —
dx dx
__uwdv Tdu
vvdx  vdx
Ud_u - d_v Then use a common denominator v2.
Qz _dx dx
dx e

You should learn this result, and learn where
it is appropriate to use it.
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1 Differentiate:
5x X+ X2 6x
a A R I
x+1 3x—2 2x + 1 (2x — 1)? (5x + 3)°

d. x
2 Find the value of L4 at the point (1, i) on the curve with equationy = ———.
dx 3x+1
. dy ) ) ) x+3
3 Find the value of — at the point (12, 3) on the curve with equationy = —.
dx (2x +1)*

You need to be able to differentiate the exponential function.

In Chapter 3 you met the exponential function e*. This is a special function because it is the
only function for which f(x) = f'(x).

dy You should learn this
B Ify=e*then —=¢* result.

dx

You can prove this result from first principles by the method introduced in Book C1.

[f(x + &) — f(x)]
ox

Use the definition f'(x) = lim

& —0

ex + & ex
If f(x) = e* then f'(x) = (Slimo[ o ]
N —

= lim [&eax__l)]

& — 0

o
The table below shows values for [(e_ax_l)] for e = 2.718 282 for progressively smaller

values of ox.

o =0.1 o =0.01 ox = 0.001 ox =0.0001 & = 0.000 01

ox
[(e—axj} 1.05170925 | 1.005016772 | 1.000500 23 1.000 05006 | 1.000005063

|
From this table you can see that [(e—ax—)} approaches a limiting value of 1 as & — 0. This

means that if f(x) = €%, then f'(x) = 1 X e*. e*is called the exponential function, where

d;
e =2.718 282 to 6 d.p. and has the property that if y = e* then ay = e* also.

This result can be used together with the chain rule and the product and quotient rules to
enable you to differentiate a wide range of functions. In particular:

dy
B y=e® then = =f'(x)ef®
y e (x)
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e2x+3

Differentiate a 5e* b ex+3 c xe¥ d —
X

a lety=>5e*

dy

e — = Differentiate e* to give e* and multiply the
dx

result by 5.

b Lety=e**7 theny = e where
E=2r 4+ 3 Use the chain rule to differentiate this
' function of a function.

dy dt . .
—~=¢vand —=2 —— Remember to give the answer in terms of x.
dt dx

d

Wy _ .,

dx
— 2623( +3

¢ Lety=uxe”
Let u =x and v = ¢e*°

du do ,
Then — =1 and — = 2xe* «
dx dx

— Use the product rule and then use the chain

dy
_J 52 X2
= x(2xe*) t e rule to differentiate e*'.

dax
= e¥(2x* +1) Simplify the answer by factorising.
4 . 62x F B
ety =———"—
y X
th d_ _xX 265X T 5 — gt o Use the quotient rule, together with the
en dx x2 chain rule to differentiate e* * 3.
= —xz—

Exercise E

1 Differentiate:

a e b e ™ c evt3 d 4e¥’ e 9¢3~«
f xex g (x?+3)e h (3x — 5)e* i 2xtel j (9x — 1)e*
k * 1 e m—ex— n ¢

e X x+1 Vx + 1

d 1
2 Find the value of ay at the point (1, E) on the curve with equation y = xe™.

d
3 Find the value of ay at the point (0, 3) on the curve with equation y = (2x + 3)e%.

4 Find the equation of the tangent to the curve y = xe® at the point (3, e).
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e%
5 Find the equation of the tangent to the curve y = — at the point (3, je).

X
6 Find the coordinates of the turning points on the curve y = x%e %, and determine whether

these points are maximum or minimum points.
e dy dzy
7 Given that y = —, find — and —, simplifying your answers.
Y o dx dx2 plulying'y

Use these answers to find the coordinates of the turning point on the curve with equation
3x

e
y =—"x >0, and determine the nature of this turning point.
X

You need to be able to differentiate the logarithmic function.

In Chapter 3 you were introduced to the logarithmic function, Inx, which was defined as the
inverse of the exponential function e*.

You are now going to use the derivative of e* to find the derivative of Inx.

Let y=Inx
Then x = e You can make x the subject of the formula

dx using the inverse function exp.
So —=

dy

d 1

But d_y — L You can now use the result Q. ——, which

dx  dx dx ¥

& o

dy 1 was quoted at the end of Section 8.1, as a special

- =— case of the chain rule.

dx &

d_1

dx x

dy 1 You should learn this

B Soify=Inx then i result.

This result can also be used together with the chain rule and the product and quotient rules to
enable you to differentiate a wide range of functions.

In particular
dy f(x) You put f(x) = u, soy = Inu. Then, using the chain

B If y=In[f(x)] then === dy dy du dy 1 f'(x)
l —_— = = — —_— = = f/ =
dv  f(x) ey dwdr Cdx z O e
. . In 5%
Differentiate a SIlnx b In(6x — 1) c x’lnx d e 2x +e'Inx
X
a y=5lnx
A 5><1 If f(x) th d f/(x)
—Z = — =arnx en —=arx).
dx X 4 dx

5

X
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b y=In6Gx—1)

W _ 1
dx ox — 1
— 6 P
ox — 1

c y=x°lnx

d 1
—y=x5><—+5x2><lnx
dx X
=x24 2x%Inx
_ln5x
Y X
5
x<—)—1><|n5x
d_y X
dx e
_1—1Inb5x
__xz_
e y=2x+te'lnx
dy 1
—=2+|eX—-+¢e'lnx
dx X

X

=2+Z(+xinx)
X

1 Find the function f'(x) where f(x) is

alnx+1) b In2x

e 3lnx f 4In2x
Inx

i —— i Inx®-35
x+1 ) ( )

You need to be able to differentiate trigonometric functions. You can use the
formula for f'(x) to differentiate sin x.

Earlier you were reminded that if you wish to differentiate a function then you must use the
definition introduced in Book C1. That is,

f(x + &x) — f(x)}

-2

Let f(x) = sinx.

Then f'(x) = (%Cim

-0

[sin(x + &) — sin(x)}
ox

sin x cos 6x + cosx sin 6x — sinx

¢ In3x d In(5x — 4)
g SIn(x +4) h xInx
K 3+x)Inx 1 elnx

=lim[
& —0 ox
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This is a function of a function. Use the

chain rule.
letu=6x—1,s0y=Inu.
gLi:éamd QZZJ_ d—y=6><1—.
dx du u dx u

Use the product rule here, with u = x3 and
v=lInx.

Use the quotient rule, and use the chain rule
to differentiate the In 5x term.

Use the product rule to differentiate the
second term.

Now use the compound
angle formula to expand
s Sln(A + B).
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As with many of these limiting values the numerator and the denominator of this fraction both
approach zero, and so you need to investigate the behaviour of sinx and cosx for small values of x.

Consider first a circle with radius r, with radii AB and AC such that angle BAC is x, where x is
measured in radians.

You use the formula
A introduced in the radians

section:

area of sector = 3726

The area of sector ABC is 3r2x and the area of triangle ABC is

1o ) You use area of

ar* sinx. As x becomes small the area of the triangle becomes close to  trjangle = labsin C with
the area of the sector. Thus 372 sin x = 3r%x = sin x =~ x, where x is a=b=rand C=x.
small and is measured in radians.

Also cosx = 1 for small values of x.

So in equation * on page 141, replace cos éx by 1 and replace sin éx by é&x, since &x is small.

. sinx + cosx X éx — sinx
Then f'(x) = (%Clmo o

= COsX

B Soify=sinx then ﬂ = Ccosx This formula applies where x is measured in radians.
dx

B And, by the chain rule, if y = sinf(x) then ;ﬂ = f'(x) cos f(x) Learn these two key points.
x
Differentiate a y = sin 3x b y = sinjx c y =sin’x
a Yy =sindx
dy
™ =5 cos dx Use the chain rule with f(x) = 3x, so f'(x) = 3.
— 2l
by =sinxx This time put f(x) = 3x.
W _2 2
= 5C0953X
dx
¢ Yy =sinfx=(sinx)?
dy Use the chain rule, with u = sinx, so
e 2(sin x)' cos x % _ sz and & = o
X dx

=2sinxcosx


www.biochemtuition.com

-

Dr. Faisal Rana www.biochemtuition.com faisal.rana@biochemtuition.com

1 Differentiate:

SR

a y=sindx b y=2sin3x c y=3sin’x d y=sin(2x + 1)

e y=sin8x f y=6sinix g y=sin’x h y=sin°x

8,7 You can use the result obtained for the derivative of sin x to differentiate cos x.

Lety = cosx
. o
Theny = sm(g - x) This uses the expansion
d of sin(A — B) together
Using the result that ay = {'(x) cos f(x) for y = sin f(x) and with sing =1 and cosg =0.
w
f)=5-x
@ =7
™ ol5 ]
—=—cos| 7 —x
dx 2
= —sinx
B Soify=cosx then % = —sinx Remember x is measured in radians.

B Also, by the chain rule, if y = cos f(x) then

Differentiate a y = cos(4x — 3) b y = cosx® (x degrees) cy=cos’x

gle

= —f'(x)sinf(¥)  Learn these two key points.

a Yy =cos(4x —3)

dy .
Jx = —4sin(4x — 3) Put f(x) = 4x — 3, and use the chain rule.
mX
b Yy = cos 180 When x is given in degrees you need to
change the angle into radians before
day __ T sin S differentiating.
dx 1860 1860
m . o
= ———sinx
1860
¢ Yy =cos’x=(cosx)’
EZ = 3(cos x)(—sin x) Use the chain rule with u = cosx. Ensure
dx that you have no u terms in the answer.

= —3c0s%x5inx
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1 Differentiate:
ay=2cosx b y=cos’x c y=6cosx d y=4cos(3x + 2)
e y=Cos4x f y=3cos’x g y=4c0s5x h y =3cos2x

You can use the quotient rule, together with the results obtained for the
derivatives of sin x and cos x, to differentiate tan x.

Let y = tanx.

sinx o . This is the definition for
Then y = ——, which is a quotient. tan x.
CcosXx

Use the quotient rule
du dv

V——u_—
de dx

dy _
dx V2

with # = sinx and v = cos x.

dy COSX cosx — sinx(—sinx)
Then a =

cos?x

_ cos?X + sin?x

Using the result that sin?x + cos?x = 1.

cos2x
__ 1
cos?x 1
— sec’x As secx = 6;
B So if x is measured in radians
dy You should learn these
e y =tanx implies that . =sec’x key points.

B Also by the chain rule, if y = tan f(x) then % =f'(x) sec? f(x)

Differentiate a y =x tan 2x b y =tan*x

a y=xtan2x This is a product.
dy Use u = x and v = tan 2x, together with the
P x2 sec? 2x + tan 2x product formula.
X

= 2X sec? 2x + tan 2x
by =tan*x = (tanx)*

—= = 4(tan x)°(sec? x)

Use the chain rule with © = tanx.

=4 tan’x sec? x
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1 Differentiate:

a y=tan3x b y=4tan3x c y=tanx —1) dyzxztan%ertan(x—%)

The remaining trigonometric functions can be differentiated using the chain rule,
together with the results obtained so far for sinx, cos x and tan x.

Let y = cosecx.

1
Then y=-——=(sinx)!
sinx

dy
S —_— = = i -2
0 (sinx)~“(cos x)

cosX . 1 CcosX
=——" This equals ——— X ——
sinx sinx sinx

= —cosecx cotx

B y = cosecx implies that % = —cosecx cotx

B Also by the chain rule, if y = cosec f(x) then % = —f'(x) cosec f(x) cot f(x)

Lety = secx.

1
Then y= osx (cosx)~!

dy
So ——=—(cosx)?(—sinx
0 (cosx) 2 (—sinx)

sinx sinx 1 sinx
=— Note that = X
cos’x Cos2X  COSX  COSX
=secxtanx

N d
B y =secx implies that Ey =secx tanx

B Also by the chain rule, if y = sec f(x) then gi— =f'(x) sec f(x) tan f(x)
Let y = cotx.

1
Then y = . (tanx)~!

dy
So —— = —(tanx) ?(sec’x)
dx
_sec’x sec?x 1 cos’x 1
tanZx tan?x cos?x sin’x  sin?x
= —cosec?x

B y = cotx implies that % = —cosec’x

B Also by the chain rule, if y = cot f(x) then (;ﬂ = —f'(x) cosec? f(x)
x
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Collecting all these results together,

B y= sinx:>ﬂ = COSX
dx
B y=cosx= ﬂ = —sinx These results, obtained so
dx far, should all be learned.
dy They can be used
B y=tanx>— =sec’x together with the chain
dx rule and the product and
dy quotient rules to enable
B y=cosecx=— = —cosecx cotx you to differentiate a
dx wide range of functions.
d
B y= secx = = secx tanx
dx
d
B y=cotx -9 — _cosectw
dx
cosec 2x
Differentiate ay=—_— b y=sec’x
X
_ COos€EC 2X
==
d
So Y
dx *——— Use the quotient rule with u = cosec 2x and
x?(—2 cosec 2x cot 2x) — cosec 2x X 2x v =x2
= =
_ —2cosec 2x(x cot 2x + 1)
= "
b y = sec® x = (sec x)° Use the chain rule with u = secx.
d
Y - 3(sec x)? (sec x tan x)
dx
=%sec®xtanx
1 Differentiate
a cot4x b sec 5x C cosec 4x d sec?3x
sec?x
e xcot3x f g cosec3 2x h cot?(2x — 1)
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8,10 You are now able to differentiate functions that are formed from a combination
of trigonometric, exponential, logarithmic and polynomial functions.

. . . Inx
Differentiate ay=e'sinx by=—"—
sinx
a y=¢csinx
dy . . .
E_ =cé'cosx + e*sinx Use the product rule with u = e* and v = sinx.
X
b _lnx
Y sinx
1 Use the quotient rule with & = Inx and v = sinx.
sinx X ——Inx X cosx
ay _
dx sin® x
_sinx —xcosxlnx
X sin’ x
1 Find the function f'(x) where f(x) is
a sin 3x b cos 4x c tan Sx d sec7x
2% 3x
e cosec 2x f cot3x g sin? h cos—
it j ecx k cotix 1 sec 3
i tan— cosec — 3 —
5 ) 2 ’ 2
2 Find the function f'(x) where f(x) is
1
a sin’x b cos3x c tan*x d (secx)2
e Vcotx f cosec’x g sindx h cos*x
i tan?x j secdx K cot®x 1 cosectx
3 Find the function f'(x) where f(x) is
tan 2x
a xcosx b x?sec 3x c ——— d sin®x cosx
x
x2 1+ sinx
e —— f ——— g e¥cosx h e*sec3x
tanx Cos X
sin 3x Inx esin ¥
i — j e*sin’x k — 1 —

e’ tanx COosXx
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1 Differentiate with respect to x:
a Inx? b x?sin 3x

@

2 Given that

2

) =3 - +In%, x>0
s "

find f'(x).
. . dy .
3 Given that 2y = x — sinx cosx, show that . = sin’x.

4 Differentiate, with respect to x,

1
a——, x>0 bIn——
X x2+9

5 Use the derivatives of sinx and cosx to prove that the derivative of tanx is sec?x.

@0 0

X
f(x) =—— eR
6 f(x) DY X

Find the set of values of x for which f'(x) <O0.

@

7 The function f is defined for positive real values of x by

fx) = 12Inx — x2

@

Write down the set of values of x for which f(x) is an increasing function of x.

8 Given thaty =cos2x + sinx, 0 <x < 2, and x is in radians, find, to 2 decimal places,

the values of x for which % =0. 9

9 The maximum point on the curve with equation y = x Vsinx, 0 <x <, is the point A.
Show that the x-coordinate of point A satisfies the equation 2tanx + x = 0. 9

10 f(x)=e">*—x2, xER

a Find f'(x).
b By evaluating t'(6) and f'(7), show that the curve with equation y = f(x) has a
stationary point at x = p, where 6 <p <7. Q

11 f(x)=e*sin2x, O<x<w
a Use calculus to find the coordinates of the turning points on the graph of y = f(x).
b Show that "(x) = 8e* cos 2x.

¢ Hence, or otherwise, determine which turning point is a maximum and which is a
minimum. Q

12 The curve C has equation y = 2¢* + 3x2 + 2. The point A with coordinates (0, 4) lies on C.
Find the equation of the tangent to C at A.
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13 The curve C has equation y = f(x), where
f(x)=31nx+l, x>0
X

The point P is a stationary point on C.

a Calculate the x-coordinate of P.

The point Q on C has x-coordinate 1.

b Find an equation for the normal to C at Q. 9
14 Differentiate e* cosx with respect to x.

The curve C has equation y = e* cos x.

a Show that the turning points on C occur when tanx = 2.

b Find an equation of the tangent to C at the point where x = 0. Q

15 Given thatx = y?Iny, y >0,

a find (—bﬁ
dy

d
b use your answer to part a to find in terms of e, the value of ay aty=e. 9

16

The figure shows part of the curve C with equation y = f(x), where f(x) = (x3 — 2x)e™
a Find f'(x).
The normal to C at the origin O intersects C at a point P, as shown in the figure.

b Show that the x-coordinate of P is the solution of the equation

202 = e + 4. ()
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17 ya

A
The diagram shows part of the curve with equation y = f(x) where
fx)=x(1+x)Inx {x >0}

The point A is the minimum point of the curve.
a Find f'(x).

b Hence show that the x-coordinate of A is the solution of
the equation x = g(x), where

gx) = e TEE Q
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Summary of key points

You should learn all of these results.

1 You can use the chain rule to differentiate a function of a function:

® if y = [f(x)]” then % = n[f(x)]* ~ 1f'(x)

d
e ify=flgw) then ° = F[sw]g'@)

2 Another form of the chain rule states that jx—y = 3—y X % where y is a function of u, and u
u

is a function of x.

1

d;
3 A particular case of the chain rule is the result Ey = @

dy
4 You can use the product rule when two functions u(x) and v(x) are multiplied together.

o Ify=uvthend—y=ug+v%
de dx dx

5 You can use the quotient rule when one function u(x) is divided by another function v(x),
to form a rational function.
du dv

dy dx ldx
OIfyz%thenay= 2

dy . dy
6 If y =¢* then == = e* also and if y = ef® then — = f'(x)ef®
y » y e (x)
d 1 d f'(x
7 Ify=1Inx then & _2 and if y = In[f(x)] then & f'e@)
dx «x dx  f(x)
dy
8 If y =sinx then — = cosx.
7 dx
9 Ify = cosx then Y_ —sinx. The chain rule can be
dx used with each of these
functions to obtain
dy ) further results. (See the
10 If y = tanx then e Sectx. examples in the section.)

11 If y = cosecx then % = —cosecx cotx.
12 If y = secx then % =secx tanx.

d
13 If y = cotx then Ey = —cosec?x.
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