Differentiating e*, In x and a*

Remember those special little functions from Section 62 Well you're about to find out just how special they are as
we take a look at how to differentiate them. I can tell you're overcome by excitement so | won't keep you waiting...

The Gradient of y = e~ is e~

In the last section (see p.80) you saw that ‘e’ was just a number for which

the gradient of e* was e* — which makes it pretty simple to differentiate. =g, i(eh) = ke*
Don't worry if you have a constant in there as well — just multiply the whole dx

thing by the constant when you differentiate.

Example: If f(x) = e* + 2e, find f'(x) for x = 0.
Break down the function into its two bits and differentiate them separately:
y=e" and y=2e*

This is the tricky bit. This bit’s easy.

Use the chain rule from p.94: u =x" and y = & If y = 2¢* then % e

Both « and y are now easy to differentiate:

ﬂx_ﬁ = Yy g_y = Put the bits back togethgr and you
L end up with f'(x) = 2xe” + 2e*.

I
t:h:_dl«!xchr_EwM?_!r_etzx21_2'1“EJl Sowhenx=0,f(x)=0+2e’=2

' There’s a general rule you can use when
you have a function in the exponent (e.g. e):

dx

E i (eﬂ.ﬂ] — ff(x]eftn i

You can prove this using the chain rule.

Turn y = In x into x = e to Differentiate

You can just learn this result, but it comes from another bit of mathematical fiddling:
y=Inx |com— : ) 2
d If y = In x, then x = e (see p.80).
y ]_ : > o . ode a__1 _ 1 _1.,. —a N: ?
—dx = = Differentiating gives dy = e’ and i (Q) == (since x = e¥). Nice eh?
dy
E le: Fi dd—‘v if v=In(?+3)
xample: Find g-ify=In (x* + 3).
Use the chain rule again for thisone: y = Inuand u = x* + 3.
d d d
%:%(ﬁum above) and%:?x, s0: %:?‘jx%:%er: :12:3

Just like before, there’s a handy rule that you can learn
for when there’s a function inside the In (e.g. In(x* + 3)):

y = In (fx))
| dy  f(x)

Mo Arthur, that's chain mail.
You're not going to differentiate
anything with that

dx T fx)

Again, you can use the chain rule to prove this result.
L



Differentiating e*, In x and a*

Learn the rule for Differentiating a*

Here’s another little rule you need to learn:
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The rule d%{e‘} = ¢" is actually just a
(@) =a‘Ina
dx
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special case of this rule, since In e = 1.
.f|,F||r|If'|l|||'|l]'|||'ll|lr'||J'|l||\

IR R

You can prove this rule using implicit differentiation (see p.105),
but for now you can just use the result it without worrying about where it comes from.

Example: Find the equation of the tangent to the curve y = 3" at the point (;—,%)

Use the chain rule to find %z u=-2x and y=3* = % =-2 and g— = 3* In 3 (using the rule above)

I A YO J T o
Now you can find the equation of the tangent: At ;—, ;—), % =-2(3*In3) = —— In3

Using the equation y -y, = m(x — x1]1:

y-t=(-33)(x-3) = 3p-1=m3-@m3x G

o N B~

= 2In3x+3y-(1+In3)=0 4= forms fron J
Practice Questions
Q1 Find i when a) y= e b) y=In(6-x% c) x=2e"
d) r:ln(2_1=+3]| e yv=10" fl x=5"

Q2 a) Find the derivative, with respect to x, of f(x) = 3* + 4x.
b) Hence find the derivative, with respect to x, of g(x) = In (3* + 4x).

Q3 a) Differentiate y = 27" with respect to x.
b) Find the gradient of this curve when x = 1.
c) Hence find the equation of the normal to the curve at x = 1.

Exam Questions

Q1 Differentiate the following with respect to x.

a) e +e™ [3 marks)
b) 3e*"'-In(l -)+22° [3 marks]
Q2 A sketch of the function f{x) = 4 In 3x is shown in the diagram on the right. "
a) Find f'(x) at the point where x = 1. [3 marks] =
b) Find the equation of the tangent to the curve at the point x = 1. [3 marks]
Q3 a) Curve A has the equation y = 4*. i e
What are the coordinates of the point on A where E =1n4? [2 marks] o
b) Curve B has the equation y = 4%~
Find the gradient of B at the point (3, 7). [4 marks]

This is a topic for lumberjacks — it's all about logs and a*es...

Well, I don’t know about you but my heart is still racing from all that excitement. Doesn't it feel nice to differentiate
something that isn’t some boring power of x? Don’t worry, you can thank me later — there’s plenty more to learn first.




Differentiating sin, cos and tan

So you think you know all there is to know about trigonometry. Well think again, ‘cos here it comes again.
(You see what I did there with the ‘cos’? Pun #27 from “Ye Olde Booke of Maths Punnes’..)

The Rules for differentiating sin, cos and tan only work in Radians

For trigonometric functions,

where the angle is measured Ify= d_y s
in radians (see p.56), - dx ~ R T i R :
the following rules apply: sin x cos x ! You can use the chain rule to |

show that, if k is a constant-

UL Cos x —SINX g

The derivative of tan x > Ssecy There's loads
tan is given on the more about sec
formula sheet. (and cosec and

1
sin kx —= k cos kx :
cos kx —» —k sin kx :
tan kx — k sec® kx !
:
1
i
1
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“annannt you don't have to write out
= 5 = the chain rul ime.
Use the Chain Rule with sinlcositan (f(x)) Mo s ol

Example: Differentiate y = cos 2x + sin (x + 1) with respect to x.

It’s the chain rule (again) for both parts of this equation: his 1s the result in the
1) Differentiate y = cos 2x: vy =cos u, u=2x, TS SULE I =
Suﬁ——sinuiﬁeeabove}andd—u—l = ﬁ——zsinb‘ "/
du — dr — dr —
2) Differentiate y=sin(x+1): y=sinu, u=x+1,
@y _ du _ L
SO = cos u (see above) and o 1 = dx = €08 (x+1)

3) Putit all together to get: % =-2sin2x+ cos (x + 1)

dy n Ye just write this down if you know the result
E le: Find £ —ta th : t('l _) ou can just write this down if you know the resu
i et il dx for x n 3y at the e L0l B ‘ — you don't have to write out the chain rule.

: dy 1 : ly dx 5 dy 1 1
1) F|r5tu5&dx—($) to find iy x=tan 3y = dy_35ec3v = e ™ Teac® 3y - cns 3y
dy d : AR AR NN AR RNRARTY)
2) Nowsubstilutey:%: d%:%coszz—tz The iule jx i ——

dx
(.d_v )
= p54 if you want a reminder.
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Remember to use Trig Identities where Necessary

d
Example: For y = 2 cos® x + sin 2x, show that E‘F = 2(cos 2x — sin 2x).

1) Writing out the equation in a slightly different way helps with the chain rule: y = 2(cos x)* + sin 2x.

d
2) For the first bit, y = 2u*, u = cos x, so d—':‘ = 4u and jx—u = —sin x.

- : ay du _ cos 2x
For the second bit, y = sin u, u = 2x, so s —dcos u and & =2 efore
3) Putting it all in the chain rule formula gives E‘r = —4 sin x cos x + 2 cos 2x.

4) From the target answer in the question it looks like we need a sin 2x from
somewhere, so use the double angle formula (see p.71) sin 2x = 2 sin x cos x:

dy

'r
E -2 sin 2x + 2 cos 2x, which rearranges nicely to give E = 2(cos 2x — sin 2x). Ft voila.



Differentiating sin, cos and tan

Use the Chain Rule for Combinations of functions

You should be able to use the chain rule to differentiate functions that are combinations of any of the functions
from this section. So make sure you haven't forgotten the rules for differentiating exponentials and logs already.

Example: Find f'(x), where f(x) = ec=3x,
du

. dy .
Use the chain rule: y=e¢" and u = cos 3x, so T e* and T -3 sin 3x

So ii_di = j—i: X % =e* x (-3 sin 3x) = =3e* sin 3x = —3e ™ 3 gjn 3x

You can Differentiate sin and cos from First Principles

You saw how to differentiate a function from first principles back on p.86. You can do this for sin and cos too,
but you'll need to dust off your small angle approximations (p.69) and your addition formulas (p.70).

Example: Differentiate f(x) = sin x from first principles.

Start by writing out the formula: f'(x) = Iém[w]

H
. e _ i [ Sin{x+ h)—sinx
Substitute f(x) = sin x; = |'!_r];l(—h )
Expand sin(x + k) with the addition formula: = Iim( (sinx cosh + c-j:sx sinh) =sinx )
=0
It's helpful to collect the sin x and cos x terms here: = ]:[1;( Sl e e I!i * cosx (sinh) )

You're interested in when h gets really small
(as h — 0), so you can use the small angle

I 2 -
approximations (sin k= h, cosh=1- ;—hz}: = ]}I‘I;I(( Th }5|n_r+h CcLsx )
- h
h appears on the top and bottom 1
of the fraction, so cancel it: E I}rrg(—jh sinx + cos_'c)
Ash— 0, ;—h sin x — 0, so it disappears: = COS X

Practice Questions

Q1 Find f'(x) for the following functions:

a) f(x) = 2 cos 3x b) f(x) = ytanx c) f(x) = cos () + e™*

Q2 Differentiate sin? (x + 2) with respect to x. When studying nest architecture, 2
solid understanding of twigonometry

Exam Questions and differeggtiation is essential.

Q1 Find the gradient of the tangent to the curve y = sin’ x — 2 cos 2x at the point where x = % radians. [4 marks]
Q2 Find the equation of the normal to the curve x = sin 4y that passes through the point {U. %)

Give your answer in the form y = mx + ¢, where m and ¢ are constants to be found. [6 marks]
Q3 By differentiating from first principles, prove that the derivative of cos x is —sin x. [5 marks]

I'm having an identity crisis — | can’t differentiate between sin and cos...
Don'’t get tied down by the chain rule (pun #28...). After a bit of practice you'll be able to do it a lot quicker
in one step — just say in your working ‘using the chain rule...” so the examiner can see how clever you are.




Chain Rule

Now it’s time to upgrade your differentiation with some new exciting features. And about time too — | bet you
were starting to get bored of doing the same old ‘multiply by the power, reduce it by one’ rigmarole every time.

The Chain Rule is used for Functions of Functions

The chain rule is a nifty little tool that allows you to differentiate complicated functions by splitting them up
into easier ones. The trick is spotting how to split them up, and choosing the right bit to substitute.

Chain Rule Method

* Pick a suitable function of x for ‘«’ and rewrite y in terms of u.

du

» Differentiate u (with respect to x) to get e dy N dy o8

dr " du " dx

and differentiate y (with respect to u) to get g—i

If y = f(u) and u = g(x) then:

* Stick it all in the formula. c

d
Example: Find the exact value of I}’ whenx=1fory= ﬁ

1
First, write y in terms of powers to make it easier to differentiate: y = (x*+4xJ2.

Pick a chunk of the equation to call ‘«’, and rewrite y in terms of u — in this case letu =x" + 4x, soy=u

Now differentiate both bits separately: du : dy _

. dv dy _dv du__1 3
Use the chain rule to find i A - du ¥de = 247 x (2x + 4)

Substitute in ¥ = x* + 4x and rearrange: e —%(x’ +4x)‘§' x(2x+4)= —ﬁ

dy 1+2 5]

i 35 ‘Exact’ means leave in

dx = (Ji+4y 545 25

Finally, put in x = 1 to get the answer:

Use dyldx = 1 + dx/dy for x = f(y)

+

_ du _ - w1 =
u=x>+4x = dx_?_r+4 and y=u7T = Fie 21:'1'

surd form where necessary.

The principle of the chain rule can also be used where x is given in terms of y (i.e. x = f(y)). For x = f(3), use
dv dv _dv RS : _ dy __1
& *dy "dy = 1, so rearranging gives this formula. — > — @
dy
Example: A curve has the equation x =)* + 2y — 7. Find ‘% at the point (-4, 1). AEEEREI T,
= _
= — isn't a fraction, =
Forget that the x's and y’s are in the ‘wrong’ places and differentiate as usual: % =3 +2 d; :: au aibt_)tn =
1] - utitactsabt =
dy 1 ot dy 1 dy 1 1 = likeone here. =
USEE= (g) fo flndayat(—‘h 1): o 3,‘:”2+2 = WhEI"I_‘F= 1, Ezm}Tz:? IR
dy

The Chain Rule lets you Connect different Rates of Change

1) Some situations have a number of linked variables, like length, surface area and volume,
or distance, speed and acceleration.

2) If you know the rate of change of one of these linked variables, and the equations that connect
the variables, you can use the chain rule to help you find the rate of change of the other variables.

3) There might be a hidden derivative given in words, so keep an eye out for words like ‘rate’ or ‘per’.

Watch out — if you're told that something is ‘decreasing’ or something similar, the rate might be negative.

dy :
4) Make sure you know whether the question is asking for é or j—:‘— use the rule above if you need to.



Chain Rule

This is one of those topics where the most awkward bit is getting your head round the information in the question.
The actual maths is nowhere near as bad as the questions usually make it sound. Honest.

Example: A scientist is testing how a new material expands when it is gradually heated. Trem
The diagram shows the sample being tested, which is shaped like a triangular
prism. After t minutes, the triangle that forms the base of the prism has base ., .,
length 7x cm and height 4x cm, and the height of the prism is also 4x cm.
If the sample expands at a constant rate, given by ~7- = 0.05 cm min™,

find an expression in terms of x for {:'—r, where V is the volume of the prism.

The best way to start this kind of question is to write down what you know. There’s enough information

to write an expression for the volume of the prism: V= {;— x 7X X 4_1') x 4x = 56x° cm’

Differentiate this with respect to x: % = 1682

You know that r':jlx = 0.05. So use the chain rule to find ([ii—v %’i % éiﬁ 168x2 x 0.05 = 8.4

Example: A giant metal cube from space is cooling after entering the Earth’s atmosphere.
As it cools, the surface area of the cube decreases at a constant rate of 0.027 m? s,

If the side length of the cube after 1 seconds is x m, find % at the point when x = 15 m.

The cube has side length x m, so the surface area of the cube is 4 = 6x* = % =12x This value is negative

because A is decreasing.
A decreases at a constant rate of 0.027 m? s7' — we can write this as % = omrT

Now use the chain rule to find 3:: :::I"‘: gﬁ {é'? = dlﬁ;) x%=ﬁx—ﬂ.02? =—%
dx
dre __0.00225 __0.00225 _ —
Sowhenx:IS,E— = - 75 =-0.00015 ms™
Practice Questions
Q1 Differentiate with respecttox: a) y= vk +2x° b) v= %
= E Vyx +2x°
Q2 A cuboid of length x cm, width 2x cm and height 3x cm is expanding, for some unexplained reason.

dA dav dv dA )_‘

If A is its surface area and V is its volume, find 54— and ——, and hence show that if 5 = 3, then 5= 5=
dx dx dr dr — 3x

Exam Questions

Q1 a) Find % for the curve given by the equation x = /'y’ + 3y at the point (2, 1). [5 marks]
b) Hence find the equation of the tangent to the curve at (2, 1), in the form y = mx + c. [2 marks]

Q2 The triangular prism shown in the diagram is expanding. The dimensions of the prism

after ¢ seconds are given in terms of x. The prism is 4x m long, and its cross-section T
is an isosceles triangle with base %x m and height x m.
._______.——-"'"—)__.

a) Show that, if the surface area of the prism = 4xrm
after f seconds is 4 m’, then 4 = 32—5x2. " [3 marks]

The surface area of the prism is increasing at a constant rate of 0.07 m? s~..

b) Find 2 whenx=0.5. [3 marks]

c) If the volume of the prism is " m’, find the rate of change of V' whenx=1.2. [4 marks]

I'm in the middle of a chain rule differentiation...

If you get stuck on a question like this, don’t panic. Somewhere in the question there’ll be enough information to write
at least one equation linking some of the variables. If in doubt, write down any equations you can make, differentiate
them, and see which of the resulting expressions you can link using the chain rule to make the thing you're looking for.




Product and Quotient Rules

In maths-speak, multiplying two things gives you a ‘product’ and dividing them gives you a ‘quotient. And since
the world of maths is a beautiful, harmonious place full of natural symmetry, there’s a rule for differentiating each.

Use the Product Rule to differentiate Two Functions Multiplied Together

This is what it looks like: —————
dy

If y = ulx)v(x)
dv d

=

And here’s how to use it:

dx

(where u and v are functions of x)

u
+v
dx

Examples: Differentiate the following with respect to x:

a)x*tanx

1) The crucial thing is to write down everything
in steps. Start with identifying ‘v’ and ‘v
u=x"and v=tanx
2) Now differentiate these two separately:

%:312 and(dh—v=seczx
3) Very carefully put all the bits into the formula:
%:ucdix—v+ v%:(ﬁ x sec? x) + (tan x x 3x%)

4) Finally, rearrange to make it look nicer:

dy

Aot 3 v - 3 =
=x'sec x + 3x tan x
dx

b) e*y2x-3
1) Again, start with identifying ‘u’ and ‘v:
u=eandv=42x-3
2) Each of these needs the chain rule to differentiate:

Eh_—u = 2e* and % = ;:,_:. 3 {do it in steps if you need to...)
vix—
3) Put it all into the product rule formula:
dy vl oo T Y 3 o
dr =Ydx *Vdx = Tomm he Lot

4) Rearrange and simplify:

dy 1 e 1+2(2x-3)
— = —————+2/2x-3 )= ——=—7
dx (\JZx—3 v ) V2x-3
_ e (4x-5)
 J2x-3

Use the rules Together to differentiate Complicated Functions

Example: Solve the equation %{{13 + 3x?)In x) = 2x? + 5x, leaving your answer as an exact value of x.

1) Since (x* + 3x?)In x is a product of two functions, use the product rule:

u=x3+3x2=>%=3x2+6_r and

dv 1

v=Ilnx = Ez?[seep.gﬁl

So %{{f + 3x3)In x) = |(x* + 3x") x 1? + [In x x (3x2 + 6x)] =22 + 3x + (322 + 6x)In x.

2) Now put this into the equation from the question in place of %{(ﬁ + 3x%In x):

X4+ 3x+ 32+ 60)lnx=2x" + 5x

3) Rearrange and solve as follows:

B+0)nx=2x2+5x—¥-3x = 32+ 60)lnx=x+2x

= Inx=

x+2x |
3(x*+2x) " 3

= X

Use the Quotient Rule for one function Divided By another

A quotient is one function divided by another one.

The rule for differentiating quotients looks like this:

You could, if you wanted to, just use the product rule on y = wv™'

(try it — you'll get the same answer).

This way is so much quicker and easier though — and it'’s on the formula sheet.

vZ

dy
dx

)



Product and Quotient Rules

The quotient rule might look a little ugly, but it's lovely when you get to know it. That’s why I call it Quotimodo...

—1)

Example: Find the gradient of the tangent to the curve with equation y = ;:312 )

at the point (1, 0.25).
1) ‘Gradient’ means differentiate, so identify « and v for the quotient rule, and differentiate separately:

u= Zf—l:%—xix and v= 3x2+l=>%—6.r

2) It's very important that you get things in the right order, so concentrate on what's going where:

du _ dv
dy  Vdx " "dx (3x’+1)(4x} (2x*=1)(6x)
de = 7 (3x*+1F
3) Now you can simplify things:
dr  Af4Gx*+1)-602x-1)] a[12x*+4-12x+6] 10x

dx ~ (3x*+ 1) - Bx*+1) “(B+17

10
R0k

4) Finally, put in x = 1 to find the gradient at (1, 0.25): =0.625

Find Further Rules using the Quotient Rule

COs X

Example: Use the quotient rule to differentiate y = ~=--=, and hence show that for y = cot x, % = —cosec? x.

1) Start off by identifying uand v: u=cosx and v=sinx = %‘ = —sinx and %’ = cos x (see p.98)

2) Putting everything in the quotient rule formula gives:

dy  (sinxx=sinx)—(cosxxcosx) —sin’x—cos’x RULLLLIAYIRRRNITY
dx = (sin x)* = sin‘xy = There's more on
cosec, sec and cot
on the next page

IR

3) Use a trig identity to simplify this (sin® x + cos’ x = 1 should do the trick...):

b

d}’ —(SII'I_T"'COSI) 1 .fr'I.IIHHI'llIFI.I.'l
dx = sin®x ~ sin‘x
4) Linking this back to the que:ition, since tan x = é’g‘si, and cot x = ta:u:' then y = ';?:ir = cot x.
; 1 y 1 e TR L S I £
And since cosec x = PP i e —cosec’ x. QED* Quite Exciting Differentiatior
Practice Questions
Q1 Find the value of the gradient for: a) y =e*(x* - 3) whenx =0, b) y=Inxsinxwhenx=1.
. : 6x*+3 :
Q2 Find the equation of the tangent to the curve y = 7=—7- at the point (1, 3).
Exam Questions
Q1 Find % for each of the following functions. Simplify your answer where possible.
a) y=In(3x+1)sin(3x+1) [4 marks]
/¥ + 3
0 [4 marks]
Q2 Gwcnthaty-e _x,fmdgxwhcnt—ﬂ [3 marks]

It's not my fault that | love maths — I’'m a product of my environment...

Sing along with me: “A function of a function wants the — chain rule. A function times a function wants the — product
rule. A function over a function wants the — quotient rule. A rate of change is connected to the — knee bone...”




More Differentiation

Now that you're a master of the product and quotient rules, there are some more functions you can differentiate.
Can you feel your power growing? Soon, no function will be able to stand against you and your mighty calculus.

dl/dx of cosec, sec and cot come from the Quotient Rule

Since cosec, sec and cot are just the reciprocals of sin, cos and tan, the quotient rule can be used to differentiate
them. The results are on the formula sheet, but it will help a lot if you can show where they come from.

: ! ! ; ) L L.
If you can't remember which trig functions give a negative

result when you differentiate them, just remember it's all

=) the ones that begin with ¢ — cos, cosec and cot.
MHr1lr|ll|l|lr|Jr||1l|H|n|Lrlillnrunnnn'u

y=cosecx= Si:lt y=secx= CJS.'I.'
1) For the quotient rule: 1) For the quotient rule:
u v 5
u=1 :%:0 and v:sinx:}%:cggx u=1 =>E=O and v=00sx = 4 =-5inx
du dp du dV
Vo= =l PN S
dx v dx v
(sinxx0)—=(1x cos x) COS X _(cosxx0)-(1x-sinx)  sinx
= sin’x = Tsin’x - cos’x " cos’x
. Cos X : _ sinx S|
3) Since cotx = ==, and cosec x = ——, 3) ':;lncetanx_ cos 5 And secx= ——,
d 4 i
%:—%xsilx=-cusecxcotx E":%xcéx:wcxmx
I A!
|fy= _di =
cosecx —» —CoOsecC x cotx
S g,
= Go back a page for this one = secx —— sec x tan x
= Have a go at writing it out = 2
= like the ones above, starting Eﬂ cotx » —cosec” x
::: withy=%_ :'-:- L N NN R N NN AN RN AR AIE R
“

\ . y
TRV RN AR NN RN AN I'm too sec-sy for my shirt,

cosec-sy it hurts_

IR RER N
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Use the Chain, Product and Quotient Rules with cosec, sec and cot

Once you're familiar with the three rules in the box above you can use them with the chain, product and
quotient rules and in combination with all the other functions we've seen so far.

Examples: Find % for the following functions:

a) y =sec (2x7) b) y=e*cotx
This is a function of a function, This is a product of two functions,
so think ‘chain rule’: so think ‘product rule’:
y=secu and u=2x? u=e* and v=cotx
Differentiate y and u: Differentiate # and v:
dy du _ .
E:secutanu(seeabuve) S
= sec (2x?) tan (2x3) dv
di_4 E=—cosecl.t (see above)
P ;
Then put these into the formula: '(I;hen Pl-ldt ﬂ1e5ed|mo the formula:
Y o
%’=% - %:s‘h’sec (2x3) tan (2x2) i = (e* x —cosec’ x) + (cot x x &%)
= e*(cot x — cosec? x)



More Differentiation

The Rules might need to be used Twice

Some questions will really stretch your alphabet with a multitude of «s and v's:
Example: Differentiate y = e* tan? 3x
1) First off, this is a product, so use the product rule: u =e*(so % =) and v = tan® 3x

2) To find % for the product rule, you need the chain rule:

v =u,”, where u, = tan 3x

g—;— 2u, =2 tan3x and c:;: =3sec’3x = % =6 tan3rd5ec23x
3) Now you can put this result in the product rule formula to get d—J;:
T L . e

= = (e* x 6 tan3x sec?3x) + (tan?3x x &) = e* tan 3x (6 sec?3x + tan3x)

Differentiate Again for d?yldx? Turning Points, Stationary Points efc.

Example:

1) First use the quotient rule to find gx u=lhx = gx—u— 1 v=x = i_ = 2x. So d\'

1
2

2) The stationary points occur where gx_} =0: % =0 = Inx= ]? = x=g

3) To find out if it's a maximum or minimum, differentiate d__i‘
. . . d’y
(using the quotient rule again) to get ?};:

_ du__g e de = d’y _6Inx=5
u—1—2|nx=>a— —13=>dx e So

dl
4) When x = EIT, dx}; < 0 (i.e. negative), which means it's a maximum point (see p.87).

Practice Questions

Q1 Differentiate f(x) = sec (4x) — cot (x + 1) with respect to x.

Q2 Find rdix when x = 0 for y = cosec (3x — 2).

Exam Questions

Q1 Find % for y =sin’* (2x*). Simplify your answer where possible.

Q2 A curve with equation y = e* sin x has 2 turning points in the interval T <x <.
a) Find the value of x at each of these turning points.
b) Determine the nature of each of the turning points.

2cosx

Q3 a) Show that, if f{x) = cot x, then f"(x) = e

b) Hence show that (’Zi U) is a point of inflection of the graph of y = cot x.

&~ e—

[3 marks]

[6 marks]
[3 marks]

[5 marks]
[3 marks]

Differentiation rule #33 047 — always wear nice socks when differentiating...

Whew — they sure can pack a lot of rules into one question, can’t they? Well, the good news is that the formula sheet
contains lots of helpful tidbits, like the derivatives of cosec, sec and cot. It’s not as helpful as this book, though.






