
TMUA9. ESPRESSO.



Polynomials.



TheCaveat worth noting :

Ifyoufuly master all formula beyond were memorisation
. then itwill cut TMUA

exam timeby orders of magnitude. But not doing so
,

or only ragely knowing
formulae has catastrophic repercussions. Even ifyou

know 90% of a formula,

you are worse off than someone who doesn't
,
because itjust complexities

the situation
.

It's a warning
that ifyou're going to risk confusion

,go
all in

Ipersonally promise you it will saveyou
timegreatly.

Let'sgo.

[formula2 ful = anbutc 19 +0)
.

Sp = + 19/A3.

-xy =1)ktip)um
· Let finl = artbatc, lato, a

.
b
.

2 are real numbers) andy
=k)k is also

real constant)·

#molaEpioge.,2521 e982+2

Sm =19/A3
for=-+ ~

= - /x(252 ! +8- 252!) =2
.



Quadratic -> two tungents=> intersection
. -(R)

at twopoints y
=fa)= app+~(ato

,
a f(R)

.Sp,c)
So fiel is a

* guadraticParabola
.

formula : 8)Area enclosed between fill ·
g .Yg)ande)

.

is twice ofi
sarea enclosedbetween

·my= fal andtwo

- R

to Cp = Augent to y=fal at point P

# SetR(UR
,Y2): tangent

toy
: fal at point&

Attributes Dr= (0p +Ma)
.

-

I ↑ instantaneous rate of Fial at>132/gradient ofAugent
to
y

= fall atx= SR

In)=
&radiat of line Fe



y9++v
& 8

Y
"y·
&

7)= vertex'sa
Vale

.

y
= ap-

I
8ge



lablepa
a=

G=

y
= fin) = 0p) -12672(4-129) ↑ gradient ↑129 ATIN

solx)8-f0-10-12614-1291) del
-

Katsol) "=119-12613 = x33 = Ex = 18 ↓
Allogve · the chicfruction must be a worm' scape .

It
worm shape is a cubic fruction s

.A the leading coefficient andthe

gradient at inflectionpoint are opposite signs.)
· the line must be horizontal

.

· the line must be target at local maximum or local minimum.



Eformulat fill meetsy
=k(kEIR) at 2points, onepoint is repeatedRoots

.

Hell = apptn.
29+~ ·

#
Sat

f(xl= ap3+N
.

Ermula 3
· (a) meetsy

= k/kER]at3points&their I Coordinates are all

equidistant.

y
=k#"any

= fa

↓ Area S191.At
,
A= Any-An

.

y
= fell = app+
y=my+m

·roots itself, its the

distance

[X-coordinates]



-

formula4. Area of any function that meets with a horizontal line.

Sa y
= f()

.

/·IT s: Y = other

y
= fall. = ap+~ · (9+0

. gE/R]

* SA =A3/EN+6)I I
* Sy = 1403/20 +A)

.

↓
y

=f()=app+ y
= 17th

.

·



Emula5 Fal =@R-XRAB1
2 I don'tthink you need

to

know this nor shouldyou
waste

time forcingyourself over obsessingW how to find then ifit'scumbersome
.#minste

>So:

*
#Mik

ThereageneralforteorientalSine,
Si= A5

Eformula 788 but it is not included as it it does notshow up onTMUH/ESAT.
-

ia
length Ratos



&Are all equidistant. y
=f(x)= 9037v.

-⑧ y
= f)localmaximum)

N
-y

= f)local maximum

y
=ful has 3 intersections withthe horizontal line that passes through

the inflectionpoint.

y
=f(x)= 9037v.

⑧-y
= fllocalmaximum)

.

&-N/Y -flinflectionpoint?
#I1 110 Il y

= f)local maximum?



f(x) =<- 3
.

3)
.

f(d) = 3x2-3
..

F( =p(x-3) = x)(2)-)(DEs]

m
Fap(a-m>(+m)

= gp-amp
.

A&) = 3001" am? =

= alp-m
. -

-153-m)152+m)



66

zooming out.Ent A the key is that it's a cubic 8AHorizontal Line
?

that is interacting!Break free from think the horizontal
lines are allof-axis lines.⑰
#

.

*



Vista's formulae Epilogue :

let10 =Mix+un/MrHaE(R) and fill= app+bi+ch+%.

first-le = 993+6/7 /FCB)/+(d-US) =0.
->by vietalsformulae, (oos ofallcoots)

↓ I, ~ ·- A3& fal ↓

N - *What Matters: --⑧ -

coefficient ofP

*Caveat: Repeat roots must
, quite ↑What Variable don't

-

literal be repeated. matter: C
, d, ch

,n.
-

1 Coefficients ofIN.

~.
14
-

3
,42.

2 and constant forboth
line and fixl)

Theroly careat: Cubic fiel and

Doesn'tneedto 12
lineSo must meet at at least

1 be local maximums/minimum!
2 points in theguph

.

Espresso .
· As long as the coefficients of> and If are constant, then

the Sum ofallthe roofs are constant:

all thesegraphs have the same sum being maintained.



Example). A Using conservation of sum ofroofs for Cubic

* = ? y-fM) G :y=1 is target to y = full

·
atx=7

. findA.

"
25 D y=A

Count RepeatedRoots twice.Ot
Example2 . Y

: fal

↓point, findd
Riif
y

=S,passes through inflection

! A:if so
,
then 1, and fell meet at 3 points such

that are equidistant. Iso andarithmetric sequences?
-> Soy

: fel andy
=8, meet at 3-d

.
3

.
3rd

*
Hence sums of3roots are 3-d+3 +3 +d inflectionpoint.=

9
.

-

>+



Trigonometry.



Trigonome ·
X

# Gradient of o isgoing
to be (and)xi.

Y

--- Pnot
only are they lengths (scular valuesoa que

g
also theily coordinates itself(rectors withsigns).· > P(
y

= mp+H

. allhorizontallinesa

V parallel to each

&

> y
=

TFi I
other

(0
v , 0 y=
-v

,p
7 > 4
>med baHorizontal lines&y =milth are equal to o.fallangl
a

us /coefficient ofi at 1) =tand
.

1: Corresponding Angles?

↓
&

Generalisation : for everylines, lettheangle it creates with the positiveaxis =o

-> Gradient of1= tant.



"yand
>

F

theSuggest newFrameforwhatHand
e

a
free from that scaffolding that ely axis must be fixed. But the

Y values mustbe opposite eg) Imagine xY
y

=f(x)

· tryIn2-iffop 152 thenjust do
y

: -3

push i-axis to the leftby 2.

push y-axis upby3.

Analogy : y
= coss and
y

= find are just married. They are theperfectfit

(52)+ c05s) =1), andalso justby sliding sing)
to the leftby 24gives

y
= cos)), and justby pushing cosp

.

tothe nightgivesy
= sins)

.



y
=

Sinc y=coss
#

&
· Pointsymmetric aboutthe origin

· livesymmetric aboutthe
y-axis.

#Pointsymmetric about(5, 01<>&linesymmetric about 11= 1T
· Line symmetric about11-0 Pointsymmetric about+,0)(k(l) kE[

· Sin 190-01 = Cost

· Sinc = cos190-0
Jbothastneymmepaymenahalfa hemisphere shape.



↓ zoom into one block
.

M

↳
Both sineI cosine consist of this one block

.

So bothSind
costl

must be thoughtof as a rhythm of I blocks.

Eitalisation Think of a unit circle. -> 4quartersof
-> And Rearrange those 4circles./

Sine shape.

a circle
·

Tobeprecise, it's not the same thing. But it's agood way for intuitive
Visualisation.



↑Nine to- Pythagoras.
th

2 1tan 15:=5 #
Sin 15 = E = Sos/90-15% = cos15

#

Cos 15.

⑮

- 19-157

mAn75:=
SinT5: = cs(90 :15) = cos15 -E

5-Cos5 =

x
= Sin190 -y5) = Sin15.



Logic.



SimplyIf A then B ↳d) is truelS

B ifA
A is sufficientfor B
B is necessary for A They're allthe same.
A is a subset of B
B is inclusive ofA
27A is Arce

, then Bistre A
->B

.

Bistwe if A B

A

& TMUA9
.

Preaches a strong anti
& thesisagainst thinking of logic incommon sense. Have an algorithmic approach

: Which structure

amongst the above ,

isbeing presented? -> Simply plugin values·



Axiomatic Truth(S).



ActionSteps for memorise the Anth statements.
& Visualise

.

Draw them out(by hand) and see firsthand how each hold two

& Memorise the statements
, and also the following 3 mustbe knowntogether!

*Conditions that the proposition holds tre

I* Negate statement(yes, yourself), and know it is false
.

* Contrapositive Statementagain,yourself, and know it is tre

2) Prove why such areAre in mathematicalterms NEVER only common sense.

1
eg). Set fall is increasing. and the graphical perspective,

-
() Itkingoes If what do

you
means
up
?

What does

go even mean?

[0,)Mathematical Terms
-

if1, <Y
,
then F,/< fire).

&e) Graphical Termsdis
↓ o

,thenall
for apositive all from a paint, by is apositive value.



True Statements
.
IContrapositives on the next side)

[Quadratics]
· Every Gradratic is line symmetric about vertical line

thatpasses

through the vertex.
· Every guadratic has one vertex.

· Every gradratic has no inflection point. 1= Either entirely concave

or entirely
concave down for the given domainao

anMintofthewantsofinterhousbetweenn ea

2-coordinate ofthe y = ful =Parabola)Quadratic).
A

#porttagata coordinated).

·abiftnalways ptoget



[Cubics].
Every Cubic fruction is point symmetric about the inflectionpoint.
· The shape of a cubicfuction isporely determinedby the

gradient ofthe targent at the inflection point.
· For a line that passes through the inflectionpoint of a

Cubic fruction
,
it can only have an odd numberof intersection with the Cubic)11



SPolynomials]
· If the product of the power of each terms are und

,
then

that polynomial ispoint symmetric about the origin.
e.
g/Set fill

= -y+).



[Attitude]
· Elon Musk's 5-step Cognitive algorithm forproblem
solving&Annotations.

&Make requirements less dumb : Osmosis /infloy) of axiomaticAnths,
ADilution(Outflow)of wong statements.

2) Delete the part orprocess:
=>Ii lay outyour entire compartmentalised thoughtprocess
12) find

ways
to first try to delete entire process.

lif it can't hold, then we need to compartmentaliseyour thought process more).

② SimplifyOptimise Design.
(maximise outputgeneration this optimisation, relative to focusing on

streamlining import supply chain).

=> Justget to the answer
,

somehow
someway.

& Accelerate Cycle time ; cuttime between iteration of
=>

regularly check pridedego inflation.

feedbacks lops).

⑤ Automate
.

=> Generalisation comes last
.

Students either skip theprocess of
generalisation entirely, orjust start of with



· Think it absolutes and extremes first, then contract. Don't think
the oppositeay

. [Don't think locally, anticipate global first to reverse engineer
into the local

eg) I'm sketching a new function of fal. But I can't seem to

estimate how it isgoing
to be ...You're thinking to locally.

->So think in absolutes/extremes: send- , whatdoes fell do he?
Y ?

· Dive head first into the impossibles/Especially for inequalities)
let'ssay domainis

-1(3))
Start firsthand from7-1.

)the "impossibles"). and reverse engineer
· Don't flinch to question where it's not intritivy solvable.

The necessary and sufficient condition for aquestion to exist is an answer to

exist
, also for aproblem and a solution

.

It's impossible that there is no

y

output for any inpot, at least no answer" most begenerated. So knowing
thatwith thatyou can solve thisquestion, and also ingesting everything from
TMUA9

,

it is impossible thatyou can't solve something due to a knowledge
gap.


