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5.8.1First Principles Differentiation

First Principle s Differentiation

Whatisdifferentiation fromfirst principles?

= Differentiationfrom first principles uses the definition of the derivative of a function f(x)

The definitionis
f(x + h) — f(x)
h

f(x) = lim

h-0

= lim means the 'limit as h tends to zero'

h-0
flx+h)-flx)  fx)-flx) _0

= — whichis undefined

h 0 0
= Instead we considerwhat happens as hgets closerand closerto zero
= Differentiationfromfirst principles means usingthat definitionto show what the derivative of a

functionis
= The first principles definition (formula) is inthe formulabooklet

= When ]1=O,

Howdoldifferentiate fromfirst principles?

STEP 1: Identify the function f(x) and substitute this into the first principles formula

e.g. Show, fromfirst principles, that the derivative of 3x%is 6x

+h)- 3(x+ h)> - 3x?
Ax) =3x2 50 £ (%)= lim M+ h) - flx) _ 3+ h)? = 3x
h—=0 h h-0 h

STEP 2:Expand f(x+h)inthe numerator

3(x2 +2hx + h2) - 3x2

f'(x)= lim
h—-0 h
3x2+6hx+3h%-3x2
f'(x)= lim
h—-0 h

STEP 3: Simplifythe numerator, factorise and cancelhwith the denominator
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. h(6x +3h)
£(x)= lim ==
h-0
STEP 4:Evaluate the remaining expression as htends to zero

f'(x)= lim(6x+3h)=6x Ash-0, (6x+3h) - (6x+0) - 6x
h—-0

.". The derivative of ?)X2 is 6X

O ExamTip

= Mostofthetimeyouwillnotuse first principles to find the derivative of afunction (there are

much quickerways!)
However,youcanbe asked to demonstrate differentiation from first principles

= To get fullmarks make sure you are are writing limh -> O right up until the concluding sentence!
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@ Worked example

Prove,fromfirst principles, that the derivative of 5X3 is 15X2 .

STEe \: Tor g'bc) =55
F Lda) = lirn ;L’JC*‘\W\ ‘1“70) ‘ﬁqgg iQ g\Veﬁ v Yhe

k=0 b

%orﬁr\o\a\ooo\de\:
=l Sloesh)’ -5
h—=0 b
STee 2 = lim Sl *3adh 3 \3) - 5

h—=>0 /\ b
Exeond Lacir\wf USing binomial theorem
= lin 5303*‘\63@1\\ + ‘6‘)&\12'\’5\"\3‘53(‘.3

h—=0 h
CTee 2 = fin 1652k 16 + G\3
h—=20 b

= lim (165¢ + 150k +5\j3)
h—=0

Step ke Reh—o0
(152 +15xh + 5h7 ) — {157+ 152(0) + 5 of ) =15

= The derivave oﬂ- S ie 15"
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5.8.2 Applications of Chain Rule

Related Rates of Change
Whatis meantbyratesof change?

= Arate of changeis ameasure of how a quantityis changingwithrespectto anotherquantity
= Mathematicallyrates of change are derivatives

dv

= —— could be therate at which the volume of asphere changes relative to how its radius is

dr
changing
= Contextisimportant wheninterpreting positive and negative rates of change
= Apositiverate of change would indicate anincrease
= e.g.thechangeinvolume of wateras abathtub fills
= Anegativerate of change would indicate adecrease
= e.g.thechangeinvolume of waterinaleakingbucket

Whatismeantbyrelatedrates of change?

= Relatedrates of change are connected byalinking variable or parameter
= thisis oftentime, represented by f
= secondsis the standard unit fortime but this willdepend oncontext
= e.g. Waterrunninginto alarge hemi-spherical bowl|
= boththe heightand volume of waterinthe bowlare changing with time
= timeis the linking parameterbetweentherate of change of height and the rate of change
ofvolume

Howdo Isolve problemsinvolvingrelatedratesof change?

= Use ofchainrule and productrule are commoninsuch problems
= Be clearaboutwhichvariables are representingwhich quantities
STEP1
Write down anyvariables and derivatives involved inthe problem
dy dx dy
e.g.X, t, —, -
eI hgx e At
STEP 2
Use anappropriate differentiationrule to setup anequationlinking ‘rates of change’

dy dy dx
dt dX dr

e.g. Chainrule: —5—
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STEP 3
Substitute inknownvalues
=3 g a Y g hens= Y o
eqg. lf,whent=3,— =2and — =98,thens=—7— X
N dt dt dx
STEP 4
Solve the problemand interpret the answerin contextif required
dy 8
e.g. a = 5 =4 ‘whent= 3,ychanges atarate of 4,withrespectto X’
O Exam Tip
= |fyoustruggle to determine whichrate to use thenyoucanlook at the units to help

dv

= e.g. Arate of 5cm3 persecond implies volume pertime so the rate would be dt

@ Worked example

Inamanufacturingprocess ametalcomponentis heated suchthatit’s cross-sectionalarea
expands but always retains the shape of aright-angled triangle. Attime f seconds the triangle

has base b cmand heightb cm.

At the time when the component’s cross-sectional areais changingat4 cms™, the base of the
triangleiis 3cmand its heightis 6 cm.Also at this time, the rate of change of the heightis twice the
rate of change of the base.

Find the rate of change of the base at this point of time.
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STEP): Lict vorobleS and dervalives
AbhL an db ay
ok dc 4t
A= bk
oTee 20 Use o differenticiion mle Yo liok ‘raes cﬁ-c\wcmge'
A=3bh ic o paduck - So wse praduct e

dht | l[ bah + \“&1
o 2k ac <\~

orer 3 Sobehitute knowa valoes

W= ﬂ"‘(*ﬂ-‘i)* 6%_\;
\

é\l = 2db iq qoeg\'&on
at o\

CTEP W+ Sove ond iaterpret
8= 12.4b
R\

~db _ 2 -\
% 3 Cm ¢S

The e o? c\mcmae o?- Yhe bose

ie % cn per Second.
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Differentiating Inverse Functions

Whatismeantbyaninverse function?

= Some functions are easierto process with X (ratherthan ¥) as the subject

= je.intheformX = f(y)

= Thisis particularly true whendealingwithinverse functions
" eg. lfy= f(X) the inverse would be writtenas Yy = f_l(X)
= finding f_l(X) canbe awkward
= sowrite X = f(y) instead

Howdo ldifferentiateinverse functions?

= SinceX = f(y) itis easierto differentiate “X withrespectto Y’ ratherthan“y withrespectto X”

dx dy
= je. find = ratherthan —/—
dy dx
dx
= Note that d_y willbe interms of ¥ but canbe substituted

STEP1
Forthe function y = f(X),the inverse willbe Yy = f_l(X)

Rewrite thisas X = l‘(y)

STEP 2

dx
FromX = f(y) find d_y

STEP3
dy dy 1

Find —— using d_ = —— -thiswillusuallybe interms of y
X

dx dx

dy
dy

= |f analgebraic solutioninterms of X is required substitute f(X) foryin——

dx
= Ifanumerical derivative (e.g.a gradient)is required thenuse the yY-coordinate
= Ifthe Y-coordinateis notgiven,youshould be able to workit out fromthe orginal function

and X-coordinate
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O Exam Tip

= WithX'sand }'s everywhere this cansoonget confusing!
= Beclearofthekeyinformationand steps - and setyourwokringoutaccordingly
= The orginal function, Yy = f(X)
= ltsinverse, Y = f_l(X)
= Rewritingtheinverse, X = f(y)
dx dy

= Finding —— first,thenfindingits reciprocalfor ——

dy dx

= YourGDC canhelpwhennumerical derivatives (gradients) are required

@ Worked example

a) Find the gradient of the curve atthe pointwhere y = 3 onthe graph of y= f_l(X) where

Ax)=+/(5x+1)3.
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STEP1: Rewrite inverce o8 x=(y)
Ha) =V (S
sRor y= ), s tly)
.z “53’“\)3

crer2: Find doc
d:] ,
<= \Sf\) * Wele o6 powers
dx 3 Ya Using chain role
& RN
5
d:) 2 \/—53’-\—\__
orer3: Rnd %
A 9rad'\en‘\' iS Fequired - sdshitore y=3
o L \ ) 2
— d - -
Aty3 oy %

de  15/5(3)+ 1

s Gradiedt, oF y=3, on the gropn
o? 3=¥-\\x) e .

30

1
b) Giventhat ¥ = €X show that the derivative of ¥ =In X is <
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’Wwe \<e)/ ‘\'o‘\‘\w'\s queg’\"\on \S T’ea\'\e'ma H‘so‘} " ond

\nx ore wverces

3-‘— e oo 3 =lnx will \De '\kg wowerse

steer: y=¢€*

"y’
= The ioveroe will be =3 ‘\i-_?‘\x), xqim“

STEP 3:

\\'\1_ =
() = S\ace €

\
\
el et .t ond \n ¢ ore \wverds

oo l‘f Sz\nx,_ 6& - | I

—
_—

ax X

5.8.3Implicit Differentiation
Implicit Differentiation

What isimplicit differentiation?

= Anequationconnectingxandyis notalways easyto write explicitly inthe form y = f(X) or
x=1ly)

= |nsuchcasesthe equationis writtenimplicitly
= asafunctionofXandy

= intheform t(x,y) =0

= Suchequations canbe differentiated implicitly using the chainrule
d dy
L LWI=10)

= Ashortcutwayof thinking about thisis that ‘y'is afunctionofa X’

= whendifferentiatingafunctionof Yy chainrule says “differentiate withrespectto Yy, then
dy

multiply by the derivative of ¥ (whichis d_X)
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Applications of Implicit Differentiation
What type of problems couldinvolve implicit differentiation?

= Broadlyspeakingthere are three types of problemthat could involve implicit differentiation
= algebraic problems involving graphs, derivatives, tangents,normals, etc
= whereitis notpracticalto write y explicitlyinterms of X
dy
= usuallyinsuchcases,aWillbeintermsofXandy
= optimisationproblems thatinvolve time derivatives
= more thanone variable maybe involved too

e.g. Volume of acylinder, V= mr2h
e.g. Theside lengthand (so) areaofasquareincrease overtime

= anyproblemthatinvolves differentiating withrespect to an extraneous variable

dy dy
= eg.yV= l‘(X) but the derivative —5~ is required (ratherthan —4—)

dé dx

Howdo lapplyimplicit differentiationto algebraic problems?

dy\
= Algebraic problems revolve around values of the derivative (gradient) (d_/
X
= if notrequired to find this value it will eitherbe given orimplied
= Particularproblems focus onspecial case tangent values
= horizontal tangents

= alsoreferred to as tangents parallel to the X -axis
dy

= thisiswhen —— =0
dx

= verticaltangents

= alsoreferred to as tangents parallel to the y-axis

dx
» thisiswhen — =0

dy
1
dy

dx

= Insuchcasesitmayappearthat = () but this has no solutions;this occurs whenfor

dy
nearbyvaluesof X, 7 —> £ o0

dx
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(i.e. verysteep gradients, nearvertical)

Otherproblems mayinvolve finding equations of (other) tangents and/ornormals
= Forproblems thatinvolve finding the coordinates of points onacurve witha specified gradient
the method below canbeused

STEP1

Differentiate the equation of the curve implicitly

STEP 2
dy

dx

Substitute the givenorimplied value of to create anequationlinking X and y

STEP 3
There are now two equations

= the originalequation
= thelinkingequation

Solve themsimultaneouslyto find the X and Y coordinates as required

O ExamTip
dy
= Aftersome rearranging, E willbeinterms of both X and y
dy
= Thereis usuallyno need (unless asked to bythe question) to write E interms of X (or
Y)only

= [fevalutaing derivatives,you'llneed both X and y coordinates,so one mayhave to be found
fromthe otherusingthe original function

@ Worked example
The curve C has equation X2 +2y2 = 16.

a) Find the exact coordinates of the points where the normal to curve C has gradient 2.
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6Tee 11 Differectide '\mp\i(ﬁ\'\'\l:s
2 + \‘h\.’_d_g_ =0
doc

sEP2: Sobetiote vave o 8y in
ox

Gradienr of rorma) & 2
3{6&66\' o?‘\'a\—sen‘\’ (%‘-:) ic '|I
kNorma\ and‘\'m-seﬁ\' are perpeodicu\as;
S P‘Bdoc\’o? Yheir Sf‘oA'\en‘kQ (& -l)
Qx_‘_kjk_zl) e
Ax - 25 =0
p -'—(j Equo:\*\on \'m\i'\rﬁ > and 4
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=
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» Coordinaieg ase (% 3, %E)
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b) Find the equations of the tangents to the curve that are
(i) parallelto the x-axis
(i) parallelto the y-axis.

Thete are cpeciol cofeg,
in por\: Lu) AésO kpc&ﬂ\e\ ‘o x—&x'\gs

A
|

io poct (1), dx . ?A_ =0 Lpora\\e\ to 3‘0*‘9>
Ao

dy
702“'232:\6
2 + Wy dy=0
3&1‘,
dx o =0 22:|6
5=tJ§=t2\Ii
tli) _A_ﬁ_: -')x: -2
e by 3y
d& =o€
doc _ 2y=0
63 3._-0 o XQ:\G
x=th

- _romaen“fe @) paral\e\ to x-oxg ore Y 22 osd 5=—2\E
o0d (i) porelel To y-ois ore =4 and x=-W

Howdo lapplyimplicit differentiationto optimisation problems?
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= Forasingle variable use chainrule to differentiate implicitly

= e.g.Asquare withside length changing overtime, A = x?2

a9
dar “Xar

= Formore thanone variable use productrule (and chainrule) to differentiate implicitly

» e.g.Asquare-based pyramid with base length and height changingovertime, V' = —x2h

3
dV_ll dh dxl I (dh _ dx

— =—|x2—+2x—h|=7x|x—+
T 3X 2x—h x| x 2h

dt de |37 de 7 de )

= Afterdifferentiatingimplicitlythe rest of the question should be similarto any otheroptimisation
problem
= be aware of phrasing

%
°dt

= “therate of change of the height of the pyramid” (overtime)i
= whenfindingthe location of minimum and maximum problems
= thereisnotnecessarilyaturning point

= the minimum ormaximum could be at the start orend of a given orappropriate interval

O ExamTip

= |fyouare struggling to tellwhich derivative is needed foraquestion, writing all possibilities
downmayhelpyou
= Youdon'tneed to work them out at this stage butif youconisderthemit maynudge you
to the next stage of the solution

dv dv dv

dr’ dh ™ ar

» eg ForV= 1'[1‘2[1, possible derivatives are
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@ Worked example

The radius, I'cm,and height,b cm,of acylinderare increasingwithtime. The volume, V cm3, of

the cylinderattime t seconds s givenby V' = mrh.

dv
a) Findanexpressionfor——.

dt

Uging '\mp\'\c\‘\‘ c\‘\??ereﬁ\io:\’ion with PWDAOC\— e

v, T"\:Z“A_"'\“ + C&"I]
o\ at ok

~ v | TF-L%A—‘. +rdh
at ot db

b) Attime T seconds, the radius of the cylinderis 4 cm, expanding at arate of 2cms-. At the

same time, the height of the cylinderis 10 cm, expandingatarate of 3cms™.

Find the rate at which the volume is expanding at time 1 seconds.

9\:‘\’ime,T, r=% dr=2

’

at
h=100.dh =3
ak
o é_\l = ]Tb\-»k}xoxn + "",.3)

ak

* At ¥e T seconds, the volome ie
exponding &¥ afale 6 208 e &

5.8.4 Differentiating Further Functions

This RevisionNote focuses ontheresults and derivations of results involving the less common
trigonometric, exponential and logarithmic functions. As with anyfunction, questions maygo onto
ask about gradients, tangents,normals and stationary points.
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Differentiating Reciprocal Trigonometric Functions
What arethereciprocaltrigonometric functions?

= Secant,cosecant and cotangent and abbreviated and defined as

1 1 1

cosecx=—T—"" cotx=
COS X Sin x tan x

S€C x =

= Rememberthat forcalculus,angles need to be measured inradians
= 0 maybe usedinstead of X
= COSEC X is sometimes furtherabbreviated to CSC X

What arethe derivatives of thereciprocaltrigonometric functions?

« f(x)=sec x
« f(x)=sec x tan x
« f(x)=cosec x

« f(x)= - cosec x cot x
« f{x)=cotx
« f'(x)= —cosec? x

= Theseare giveninthe formulabooklet

Howdolshoworprove the derivatives of thereciprocaltrigonometric functions?

= Fory=seCX

1
= Rewrite, Y =
Y COS X
dy  cos x(0) —(1)(—sin x)
= Usequotientrule, 7 = >
dx COS* X
dy sinx
= Rearrange, & = 5
dx cos?x
dy 1 sin x
= Separate, 7 — = X
dx cosx cosx
dy
= Rewrite, 7— =S€C X tan x
dx

= Similarly, for y = COS€C X
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For more help visit our website www.exampaperspractice.co.uk



=

Exam Papers Practice

1
" YT sin x
dy 3 sin x(0) = (1)cos x
" odx sin? x
dy —cosx
" dx  sinx
dy 1 COS X
" dx  sinx % sin X
dy
= —T— = —COSEC X cot x
dx

What do the derivatives of reciprocal triglooklike with alinear functions of x?

= Forlinearfunctions of the formax+b
« f(x)=sec(ax + b)
- f(x)=asec (ax + b) tan (ax + b)
» f(x)=cosec (ax + b)
« f(x)= —acosec(ax+b) cot (ax + b)
« f(x)=cot(ax+b)
« f(x)= —acosec? (ax+b)
= These are notgiveninthe formulabooklet

= theycanbe derived from chainrule
= theyarenotessentialtoremember

O Exam Tip

= Evenif youthinkyouhave remembered these derivatives, always use the formulabookletto
double check
= those squares and negatives are easyto getmuddled up!
= Where two trigfunctions are involved inthe derivative be careful with the angle multiple;

X, 2Xx, 3X etc
= Anexample of acommonmistake is differentiating Yy = coSecC 3x

dy , ly
» — = —3 cosec x cot 3x insteadof — = —3 cosec 3x cot3x
dx dx
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@ Worked example

TT
Curve C has equation y = 2C0t(3X - —\

o8

a) Show that the derivative of COt X is —cosec? X.

y: Cd‘x: Co5 x
Gio ¢

GUo‘\'ien‘\' Fu\e

U'-COS‘X.><V=Sin'x

0':=8in ¢ v'=Ce8 x

2 X
S dy  -ginx-CH X

dx Sinta

d_s _ —lsin®e + cot™x)

dx 8in> o

2
S\'nlx +cos x 2\

b) Find =4/ forcurve C.
dx
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C‘\&in ru\e/ Linear S:unc\‘ion oﬂ: x

j—:‘c = -2cosec’ (3% -%) *3

i—i = - bcosec” (3ac-%)

T

c) Findthe gradientof curve C at the pointwhere X = E .

&
|
o>

] :dé == | Your GOC m&y\)ed:\e'\’o dothis di\‘ec\'\:s
x| In
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Differentiating Inverse Trigonometric Functions
What are theinverse trigonometric functions?

= arcsin,arccos and arctanare functions defined as the inverse functions of sine,cosine and
tangentrespectively

S m (m\_ 3
\3)

. arcsinr—} whichis equivalent to sin

\ 2

3
3m 3m
. arctan( - 1) = T whichis equivalent to tan(—\ =-1

What arethe derivatives of theinverse trigonometric functions?

f(x) = arcsin x

. f(x)=;

1 —x?
f(x) = arccos x

1
()= - ——
1 —x2
f(x) =arctan x
1
- fx)=——
W=7z
Unlike otherderivatives these look completelyunrelated at first
= theirderivationinvolves use of the identityCOS2 x+sin2 x=1
= hence the squares and squareroots!
All three are giveninthe formulabooklet

Note with the derivative of arctan X that (1 + Xz) is the same as (X2 + 1)

Howdolshoworprovethederivatives of theinverse trigonometric functions?

= Fory=arcsin X
= Rewrite,SIN ¥y = X

dy

= Differentiate implicitly, COS yd_ =1
X

dy 1
dx ~ cosy

= Rearrange,
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) dy 1
= Usingthe identityCOS2 Y= 1 —sin? Yrewrite, d_ =
X /1=-sin?y
. dy 1
= Since,SIN Yy =X, =

dx [1-x2

= Similarly, for y = arccos x

= COSY=X
. dy .
= —siny—=
dx
d_y_ 1
" dx  siny
y__ U
dx J1—cos?y
d_y 1

dx /1—x2

= Notice howthe derivative of Y = arcsin X is positive butis negative for y = arccos x
= This subtle but crucial difference canbe seenintheirgraphs

= Y= arcsin X has apositive gradient forall values of X inits domain
=y =arcCos X has anegative gradient forall values of X inits domain

Whatdo the derivative of inverse triglooklike with alinear function of x?

Forlinearfunctions of the form ax + b
f(x) = arcsin(ax + b)

()= ——
1 —(ax + b)?
« f(x)=arccos(ax + b)
+ = 1 —(ax + b)?
» f(x)=arctan(ax + b)
+ 1) = 1+ (ax+b)2

These arenotinthe formulabooklet
= theycanbe derived fromchainrule
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= theyarenotessentialto remember
= theyarenotcommonlyused

O ExamTip

= For f(X) = arctan X the terms onthe denominatorcanbe reversed (as theyare being
added ratherthansubtracted)

1 1
- 0= 1 + x2 B x2+1

= Don'tbe fooled bythis,it sounds obvious but onawkward "show that" questionsitcan
be off-putting!

@ Worked example

a) Showthatthe derivative of arctan X is
1+x2

5: OY-C_\'aﬁ 2C

Jf'on 3 =2

Di ?Ee\'en‘k o:\—e 'I('np\kl'\‘\'\«j
-

dx
4y .1
doc Qecnﬂ
Usma\%e '\denjr'r\'b ‘\’anag +\= geals
dy : |
Sx “'onlb*\
Qince ‘\'b.n 3 =t
dy _ |

dr  x2+)\

b) Find the derivative of arctan(5X3 - 2X).

Page 23 of 27
For more help visit our website www.exampaperspractice.co.uk



E=l

Exam Papers Practice

5x3- Ax is @o\mear %unc\ion 0? x, VG chaio Tole
Y= arcian (53(:3- 2x)

| 2
%-’ PR, [152-2)

Ay - \Sac-2
dx )+ (Soc>- 2 )
> i
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Differentiating Exponential & Logarithmic Functions

What are exponentialandlogarithmic functions?

= Exponential functions have term(s) where the variable (X) is the power(exponent)
= Ingeneral,these would be of the form y = a*
= Thespecialcase ofthisiswhenda= €,ie. y = €¥
= |Logarithmic functions have term(s) where the logarithms of the variable (X) are involved

= Ingeneral, these would be of the form Yy = logaX

= Thespecialcaseofthisiswhena= €,ie. Y= logeX =lnx

What are the derivatives of exponential functions?

= The firsttwo results,of the special cases above, have beenmetbefore

« fx)=¢x, f(x)=e*
« f(x)=Inx, 1"(){)=l

X
= These are giveninthe formulabooklet
= Forthe generalforms of exponentials and logarithms

. f(X) =aX
« f(x)=a*(In a)
- flx)= logax

1
- ld(X) i xln a

= These are also giveninthe formulabooklet

Howdolshoworprove the derivatives of exponentialandlogarithmic functions?

= Fory=aX
= Take naturallogarithms of bothsides, In y = xIn a
= Use thelaws of logarithms, In y= xln a

1 dy
= Differentiate,implicitly, ——F— = In a
y dx
dy |
= Rearrange, 7 =VvVin a
% dx Y
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» Substitute fory & aXIn a
dx
= Fory=10gaX

s Rewrite, X = &
dx

= Differentiate X withrespectto Y, usingthe above result, d_ =a’ln a
Y

ody 1 dy 1
= Using dx  dx 'dx @'lna

dy
dy 1
» Substitutefory, 7 — = Tor c
dx 310ga In 4
oody 1
= Simplify, dx = <In 2

What do the derivatives of exponentials andlogarithmslooklike with alinear
functions of x?

» Forlinearfunctions ofthe form px + g
. ﬂx) = gbxtq
« f'(x)=parx*+4(In a)
- flx)=log (px+q)

P
+ £l0)= (px+q)na

= Thesearenotinthe formulabooklet
= theycanbe derived fromchainrule
= theyarenotessentialto remember

O Exam Tip

= Forquestions thatrequire the derivative in a particularformat,youmayneed to use the laws

oflogarithms
= WithInappearingindenominators be careful with the division law

a
. ln(g)=lna —Inb

Ina
= but T, cannotbesimplified (unless thereis some numerical connection

Inb

between 4 and D)
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@ Worked example

a) Find the derivative of 83X 2,

Chaio role or 'px +q, chortedt e reqpired

d [03x-11 - Q3::?. Ina 3
dx

% The desivafive o} o>~ i
3x-
36 na
dy
, . — = 3
b) Find anexpressionfor A giventhat y logS(ZX)
Chain e is needed.
3
3.
de ¥ In 5
oy, _E)
ax xS
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