TOPICT 2 TFUNCTIONS] v,

/2 1]~ Straight Lines o Fd
= Straight Lines Moy be drawn with a graph of a laear finction . The form
thot you have probably seen the most in previeus uears is y=mx+c :
Y=mMC+ C /> This is the gradient - intercept form , and m& ¢ tell us certain
properties about the Une. Asxd\m\aes, y changes by ‘mx'. .. Smdiew.t=%-5i=-f—&m—$
=M. So m is the gradient [slope. If you then sek x=0 in any funchion, you can
find y-intercepts. Tn any y=mx+c, you geb y=mfo)+c ,:o Y=¢ & a y-intercept,
E.G.i//—»l}rawagmph Crmdéent=2.(=g”r) T '

of funckion : 3=2x-1 \jainbercept at y=-1

03C+b5+d=0//* This s another common form for a straight Line, and. we can
derve it from: Y=mx+C —— -mX+y~-C =0, then if m (s a fraction, we
can Mult'vp\aj everuthing by bhe denominator to get mbeﬁu coefficients,

€.6G.2 /5 Express 5:-1/3x,+u n the form: ax+bb+d=o (a,be 2)
L%x+3—q=o 2 2x+3y-12=0

Y-yY,=m(x-2¢,) [ This is more of a helpful starting point for finding the
equation if Yyou have a. pount (x,,y,) & a gradient (m). ks m=42=34 e geb yoye mlx-x)).
E.G.3/PFind equation of a line which is parallel to 5=2:(-3, passivg Hr\rous\\ (2,3):

l—» Use Y-y,=m[x-x,) — \j—s—sz(x—i) — Yy-3=2x-2 —

PERPENDICULAR [~ Tf e wast to 90 from a slope of one line to the slope of a

; . : RISE - P—
Wd&adarbne,%m&mbokangeffom:m—’% or M—-;-,%,\—

E.G.L /> Find eq,. of a Lire perpendicular to y=Zx-b, passing througla (10,-3):
LSLOPe'. '5/2;%"—» '>z = '}s' 3-3,=m(x-x.)—-» 3+3="5‘(x-1o)—-> y="%x+|
INTERSECTIONS [ Tvs Lines’ intersection point can be found. by ‘setting them
equal to each other' which is essenbially just substibution

€.G.5 /> Find the intersection point of y=2x-1 % Yy=-+8

L’Sobre -X+8=2x-] , 9=3x, x=3. Plug-in: y=2(3)~1 — Y=5 .. Q&



SL__HL

@ - Fynction (oncepts T\

e S

/P> A function @S & series of operotions thot will transformy  AM[V 1Y
any x value (nto one specific (y) volue.

NOTATION /= The fuwo main versions of writing a function will be: y=tx-3
or f(X)=4x-3. This takes any x volue , multiplies i &, and subbrocts 3.

for example , £(2)=4(2)-3=5. But,0s usual, you may use any letters

for vasiables , such ag a 'veloclbg)—w‘ funckion Like v(t)=3t*+2t.
DOMAIN/RANGE - An important detadl olout functions is knowing what set of

x volues you are oble to plug in - the domain, and waich y valves are possible
to get out of the function - the range. The things that may restrict the domain
include that @ You con't divide by zero, you can't do' the square reot of a
negotive , and yow can't do a log of O or a negabive. The rnge essentially
hos an inverse set of restrictions.

E.G. 1/~ Find the domain of £(x)=In(x+1):

LMust have x+1>0 .. X >-1  alemate notatien : {E?Rl’o’i

E.G.2/ Find the range of g(x)= 22*-3:

L’AS Xt»0 foray X, g(x)z-3

INVERSE/> (We have seen how a regular function tums s into y's. The
tnverse of a function tums those y values back into their respective ¢ valmes,
reversing the operokions. To find these , we can switch x &y, then make y the
subjeck agoin. Then write i with the nobakion: §7(x)=(iverse function]

¥ You can on inverse
€G3 A=, find 4 € 6.0 o higelnfE) fed 1] O 308 81 1
L ' ” | function by reflecking the
y=2x+4 ’ 5:[}\&1\ gl .
switch x2y | switch 7oy | onoinal, ta tHre Une : 3-x2
=2y +l I x=ln) ' 9 {8 o
-4 I y, s puerdel /
I—Ll-=23 1 exsem = ’ |
+2 | simplity |
= I,;Er_ | ex: la/z |
- i Z tnverse notation | S )le i} I
Uy ) Xl =2¢%~ ') =2e* |



[R.3/2 4/~ key Features of Graphs “‘

Ik You moy well, be asked. to draw or sketch the graphs of s il
functions. Dracuing should be as accurate as possible , tncluding all relevant
groph features. Sketching showld just give a general (dea of the shape,
with some features , depending on how the question is phased., and whalb
l::jpe of funckion 15 asked for.

FEATURES /> Here we con define the main types of groph features:
Llvwou'«m:v\/Mu’aiwuma values /> “Tuming points’ of the groph : U '\,4

~ Intercepts > (ohere. the gmph crosses the X -axis or the Yy-oxis. |

~ Line of symmebry /> Mainly reganling quadsatics sew-apwmbry:w

~ Vertex /> Max. or min. points for quadrakic function.

> 2es, Qoots [ Where Y=0, ie.: the x-intercepts,

» Rsymplotes > A line that o gaph will geb infinitely close to bub will

never touch , as the x or Yy tends to Cnﬁ:nibﬂ.

* Intersection poinks /> The point where two Lines cross (intersect).

FEATURES ON A GRAPH /> TO Visualise the above features :

pirt of 1!}

\;ﬁ) f/on'e'onbég
x A
| / WFL; Represented &eﬁ
. ——— —— 5:1 W (HB ) ed
.2, 1)~ Matisum with 5 equation.

7%

|

S
{(x)

GDC/> o gaph almosk ony funchion, we. press :
T1 - nspire /> (B2 GrAPH) — (TAB)—> type function —s [ENTER)
T -sufr 38— tupe function —» [GEAPH)




[24] continued

FINDING FEATURES w/GDC [ You Can find the features previously defined by
using vour GDC's ‘orolyse graph’ capabilities :

Ti- nspire /> (IERD) —» CTARALSE Gaa®)... [ Ti-34 /> CED— EALD)....

FINDING FEATURES /> (D& Con find many of these manually :

= Turming Poinis /> You can use caleulus (see topic /57), or for quadratics, you
Con Use =735 (see [2.6] for kA, [Z3] for R%!), otherwise use a GDC.

> Intercepts /> To be on the y-axis, wou must have x=0, so i you pwg in x=0,
and solve for y, you have the y-intercept. Reverse tis for x-intercept(s).

~> Zeros & Roots /> Again , set y=0, and solve.

= Verbical Asumptotes/> At an x value of restricked domain, such as the X value
that means vou. would be dividing by 0.

~ Hortzontol Asymplotes f> To find what value the gragh gets closer and closer to,
we can pmg i very lasge values for x. Or use odvanced. caleulus (Limits).
L»Inwsed;{on Points > See [2.7] (sek funckions eq,ual, to each ether, and solvre)

E.G. 1/~ Drw the Wd{(ﬁ:é"z_—l +1: Y4 E

LDividf, bB zero when x=1,s0 V.A. ab =1

fs x~ 00, f(X)=0+l=1, 50 H.A. 0t x=1 ("'m ! %
Plug in x=0: fo)=%+1=-1, y-int.at (0,-1) \}
Set fx)=0: 0= 41 —> x=-1, x-ink. at (-1,0) b

d o w £.6.2 | Draw the graph of f(x)= X -3x*+4 :

(o)

La-mt. ak f(O)=0-0+l =4 — y-int. at (0,4)
x-inks.: 13-t +le=0 — (x+)(x-2)'=0, x=-182

; Tuming poinbs : GDC, or caleunlus : £(x)=3x*6x=0, x=0&2
E. .3/ Drow the opaph of glx)=2e* : 1

2 9(x)
LSet x=0: 9(0)=2€°=2:-1=2 . Y-int. ak (0,2) i
0O=2e* has no real soltions , SO No Xx~unk, z
Rs Xx— 00 , g(x)— 00, buk os 1——>—oo,9(x)—»o _ _-——-——/ >
S H.A ot x=0 - Fl



- THPCSQCﬁ!”.Cb‘O” R ml___? _ |

| MODELUN\IJL’ We are gomg o covef many tupes. of fwxdnon o s MYV

LINERR FURCTIONS This & in the fom: y=mxtc or y=az+b. e will refer

boUAL{onmhm Thm‘}\mcbomsgrupmd.%asbmghkm wbﬂn

certawn. &akwfs 7 A
Feawtzes/h | : |E.G. i}*&mphg 2x-2: | |
Y- tatermpkhat(o,c) i ngﬂc at (o= | | | | [ x|

3 . HAEEENFPFAEENEIL AN
SLOpehvs T T T T 1 slbge 131 T | %/ [
| ; = =t ) = ! !
|
I 1 |

Tt takes one of the slmpes shown on Hae. nsb.k here : —> i /\
FEATuReSk | [ T T T T T T T T T T 11TV 1]} T
_____ leazi«»amphf(x) x*42x-8:
*D—mtercepthal @,C),f B
AT BT b-mt ok (0,-2)
5 A uMmMerry/~ ar = = | 1 |
. O;S,gMMebv. __________ ' - As of symm. ab x=7k=-1
P Vertex/ ab (5 6G) T I .
| - Verbexak (1 F(—l))
Chix- ml:s /mobs/zeros/a canJ;e Found b3 |
|

. 9}9 GDC lor {ad:oang [xay)(z-2) |
frootsareat (uo)sl(z,o) |

BBy GDC, once function has been gmphed. -
- nsP\re/-)@Egu)—o(e T AALTZE GRAPY) |

 [1: Z€R0)— Choose lower & ugper bound.

1 T 1
f'.-»(Tax](ewTEE ﬁ'fﬁﬁfﬁ




retahonsmp betiseen lm&&\ % width of a reckangle with a constant area. For
e.mmpla Lf 5ou haveo.nareo.of 2l+cm mknow w=-3- In IB inverse. mnaﬁon [

....................

,{:-(x ; | -lel ;.{(x)‘—l:kx'f‘,-n,ez-,. | |

The. 3ro§h of Ms?m&oﬁs' Js




'cuslc, MODEL$#+ These are Functwns w the fom- f)y=ax’+bx’+cx+d

_Common ONe. ForexoMpLe,vmoFasth Y= *’ﬂr

SINUSO\DHL MODELS > This could. easwg be moved. ko 3our studies OF Topn.c. 3

ﬁﬂ-tN.o_w we. oan,apptg hnnsfomahons sudch as aﬂx) be)zf(xnd to these
"Isu:\ctwns These streboh the waves verbcnu@ honam{:aL omd sm;t verb.co.utj

| LTI ITTITs il
____________ | |a\—amputude CGLr}-»ld 2sin(5x)-3:

3 -asn(bx)+d | %-—Perwd | A stne curve. witi an 7: | 11
0 T O Pncipelosis b g=d | | 'wwcudwf'z """"
1 0 A 20 O N 0 O Ie'kdsdpm\apaLaxzsakg=
V=dcos(bx)rd | | same ndes | Period is 2 te=l

| | | 0 N O 0 . N O O . e o O O
EREENEER R RS RO T o DR .Y gl =4
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"EAM:

: a{-‘md:wn (ModeL) bkab fob and Makes sense for te s;mal:wn cmcl taen using ik ?
Eo &ud ouk various mfomaklon It req;urcs pl¢n\l:3 o} e.valmb.on 8/ erttical re{—ladzon |

POSE A

REAL - MRI-D
PROBLEM

A
MODEL

PEVELOP |

WK J’:r ‘lilshwul mosk hkelﬂ be. poseol to 5ou in an_exam. _Yci;: :

i Z L1 _Ma3 pose ﬂour own problmmanIA(ormmaLL\{-’e)

REFLECT ON
& APPLY THE

MODEL

P There will usuaﬂﬂ be.clules in the question for ud.«akgu [ ]
kﬁpeopmodzt is noeded | If some\:hm\g is added
penOdJCa.(lg, , aan ik will be [inear. Tncreasing by o % -
W i exponential . Cyclical ? Magbe sunusodal. knd so on..

| .Fuui the cormeck constants in the question bo insert into Hie
Modb[/ Tesl: il ﬁccepb of l‘ede(t as qppropnalce : || .._.'

#-)Druw Yous Sruph)or p\/uﬂ something into Bour modd, ko

_ EXTEND |

ifﬁ help ackhally arswer the qwaskwn aJ: hond. fv, L1

I The 1B moy give you fauow:ups,,exkenatons, or
_generalisations. Tk may need a new model, so rebum to step 2.

_E.G.1/5 Rlred joins o film seaming website. There are two options: either he can

—?a_{,) "rpz‘qzm"’"mm e 1* {M costs $1 Haen §2. 60 pé’r_{—\’im' A_Slmscnphon Mod.LL

_the petﬁhv\ opl:lon —-Ca,llafbv\ gl Taka’d«.t}lrstﬂ tb\u\ado\MﬁoforeverB

G {) movies wakched.. .

L C=1+25F-1)=C=25f-15 T[for f21]

b) If ke watches bwo Films per month, how Long unbil. the okher model is wwm
Lﬁ)r ZfdmspefMOt\.H/\ ‘we have m=2f. So now, perf\lm is C= 35+S(M i),*,;

50 C Sm-15. ’Subscnp};ton is C=554+3m. Saeoverpoge for answer..




.................

.s&s&m to fiad Hu_ poud'z the “per
f{-dm’ Mod.et becomes mort. expensive.

Counoofgears v (fmm 1/1/|q) Pop-‘ P (n M(uIOAS) To. increase SOMBHALI'\S b\y
IW/., You con Mulhplg ik oy f.06a . L 3et thra(iou_q;= ]




-Conhnued(3/3) EEEEEEEEEEEEEEEEEEEEEEEEE

b Yor ! trigonometric Modzls w{umhons ore dmwed from the x&g coordinates oF
_cireles. This means thak o sin/cos Fw\c,l:ton can perfecblﬂ Mod.zt w.xsh,t as

ﬂ"\lou le,l, also see Hhese. I‘Qg/‘@&stM models for Yae varous non-linear functions.
 Tor these you should a.wnﬂs,,be.,gwen. Hie model in Hue question. You wilk
_ take Baose miodels, use Hiem | comment on tem , or alter/extend them.
//:> Comments on usefulness of a model or a SKCL;\,C predxchOA MQ& uAdudz
Tha,b bime can’t usually be negakive
- Tor a pmJecbdz ik con’t usua.uﬁ have. mm%atwe he.tskk

+ You Ma5 realuse tb\a)c a_different ’ctjpe, o[— MOd.ﬂ.L Mlshl: be Motre appropnabe

o linear ..moo\d_,_thub,,hb that datn very well .J./ouumaﬂ__be_,_abl.e,ja toke thak
I 'Féé?é;éfdvt 'W'e@dkiih Ou\d esémabe a g—vm'fo'r ax\ x-value that wasn't

_ estimake for x=1t is called .e.témpo[abor). (e can't keow
_for suse. whak happens after x=10, so bais prachice ;s
l seen as less relioblefuseful . Howevec, ik i oFbZn
used n thae real-world, Wil caukton.

| [
2 % 6 % 102 v 16 X



@ — COM,OOS(bﬁ & Inverse [an

COMPOSITE FUNCTIONSF> Tnskead of just plugging in a. aumber into a function, as X, in a

Composite function, we. input an entire funckion into another one. This makes a. whole. new function in .
NOTATION/> (f=g)x) means that you are inserting g(x) tafo £{x). Tn other words:

(F-9)0=flge)
You. Ccon view this as one, new, function. Or youk may see. ik 05 0. kwo-step process that Mufs X ough
tie g’ function, then rusts that resulk: through the. ‘f function.

EGAP I fl)=22+1 % g0)=3-Ux, find (f+9)Cx):
£-900=f(g)=F(3-4x) = 2(3-u1) +1 = 6-8x +1 = 7-8%
> W can also evaluate o cmposike funckion 05 well, iPUting o. Aumbper :
EG.2P | f0)=6x-5 & g)=x*-x, find (9ef)(1):
Either find (9-§)(x) ond plug in | o2 just do £(1), then g($(1):
Metod @ (g+f))=(62-5)~x-5) =3P~ 60X + 25 -6 +5 — 36(1)-60(1)+25-6(1)45=0
or
Meiad @ £{)=1, gf(1)=g(1)=1*-1=0

INVERSE > Finding an inverse funchion was exploined. in /227 alreoduy, but in HL., we. nead to see. how they
interock withh composite. functions, 0s well, as seeing Lonen o. function Moy fot have an inverse.
EG3P Take ge0=J+ & hix)=5x-3, find (h+g7)60):
Furstly, find §°(0): Y=l — X=[gH — X*=y+1 - g'R)=21"-1
Then, KGN =5(*-1)-3=5x*-5-3=5x*-3

CHECKING: INVERSESI> If you rud o fuiber tnough 6. function, then plug thot: result into the inverse,
thien by definition, & should. retum you. to the original number, i.e.:
(f)e0=x

DOMAIN RESTRICTION/- Reminder : Tf o function is one-to-many, then it is not tedhnically a function,

but st a relation. Given tiat an invesse essentiolly swikches 28y, ik also can swikch & valid many-to-one
funckion (e y=2*) t0 an invalid function (eq.: y=Fc). You may stll find. the inverse, bus you aan ‘restrct
the domain, to force. ik to be ore-to-ore.. For examgle, H)= —£(0)=1C but for 220 only.

Bl Find the. inverse of f0=0C+ -3, by reskoickng the dowain:

Toke. H0=x"+10-3 S5 {0 =(ee V-l 555 X =(y+1)-4 — Xl =(yY+1f — (3% =yl —
Y=-1+ A% — {*()=1+ [ . So we could say) fx) ‘does rot have an inverse’. uk for 22-4, then
£ is o funciion.



~ Transfomations fm) MA‘Z,.{I_i_Z_-lf.

THEORY/>"There. will. be. six types of transforviations from £(0):

= U=f(0)+0 > yow are adding b to every y-coordinate

= Y=f(1-0) > you toke e y-coord. from an original o that wos ‘@ uniks to tre loft
~ Y=pf(x) b you rulkiply every y-coordinate by ‘p’

—nd:{(alx) > uou toke the. y-coord. from e ‘g inpuk, and agply 1 to x instead
= U=—{(x) /> ypu change tre sign of eveny y-coordinote

= Y=£[x) f>upu toke the y-coord. from the “x’ volue of X

RULES}- Therefore, Hnese then coffespond o the following rules:

—u={)+b = Shift up by D' wnits

_)3: f-0) > st ngby gl }TQANSLATIOI\)S
PRI = Sty }ﬂrzemes
—Y=£(qx) = Setch honzontally by SF. Y,

el s }REFLECTIONS
“Y=£(0) = Refledt in the y-axis

E.Gr.Lf> Describe. the transfomation from y=2* to 3:(.1*3)‘ :
Translation to the (eft by 8 uniks

EG:2 /> Stretch y=cosx vertically by 5F.=2 & reflect in the Y-axis:
l—» Y=2005(-x)

EG3P K {0=2", gmph 3:{(1.) 9 U:ié.f(x- 0): /"/U ={lx)
‘*’“thﬂx)tou/kerig/\thﬁl_ Then, //
Mulhpl{ju’\g by 5 will mean thot the /
ongunal. ofaph s strekched /
vertically by a. scale fackor of 45, giving >
/:'/3{(1-1)
T 2 3%

WQFWWGW&W&SW.%@M&&%{OW tne order of operations.
EGelx>Describe the. geometric tonsforvations reeded to go from f)=2C to glx)=6-3(z+2):
I—’ngorderofopemums: O horiz. translagion, 2 uniks to the (eft [@ Vert. stretch, sr=2 [ @ Refleck in the
X-axis J @ Verticol. translobion, S wnits up.



[
MODELLING > Modelling was covered extensively in /Z€7, and. vasious tupes of funciions tat we use
for madelling in A% SL was seen in 25, These. were : Linear, quadratic, exponential, direct /inverse variation,
Cubic, and. sinusoidal. medels. Tn this section, we won't go over the basics of tke modelling process again,
but simply introduce. a few e types of funckion/model. These wil be.: natuml loganthmic, further
sinvsoidat, Logistic, ond. piecewyise models.

~ Further Modellinq my

HALF-LIFE I Exponentiols were. covered. in 2.5, 05 mentioned., bub WL siudents mawy need. to be fomitior
wikh one. extrm. concept , which s half -(ife.. Tis is Just one. detail. often included. when talking about radivactive
decay —which is exporential,. Tf we have. substance. #xak is losing a Certain percentage of iks mass ey tve
. certaift time. period passes, teen we can find. the. walf-life : the time toten to lose. haif its mass.
E.Gr 1> 1200mq 0f Fermium~253 decouss to 119,055 mg over the cousse. of 10 days. Find. i half-Uife:

if y s mass, and £ is time. in days, then 9=A(8)‘. when £=0, y=1200, %0 1200=A(Bf —A=1200. Then, when
t=10, y=114.055 —119.055=1200(8) " 0.079243 = B°—> B = JOOTI13 = 07937, S0 we have y=1200 (07937
Setting 600=1200(03437 — 05=(07433f —log 05 =300 days

NATURAL L0G- MODELS - These. Wil be. models in the. fom: 00=a.+blnox . Reminder: (az. (s st the same 05
Log,, where € i on important imakional conskant, in mothematics, L@ e=231.

<4

The- gfoph of thls fnction gows fask ok first, then tails off', .
a\beitcovhmﬂrglnmumseosx—wo. i /n.a

Vert. asymptote ot x=0 o I | A S %
|::Pons'sesﬁkug\(1,a)aslni=o.]ﬁ>r e s b gy el E;'

A=0
P> This type. of model is farelyy used by itself in exams, and buy iks naure, you would never be expecked to cove
Up with a naburl, log model. from a. worded explanation of the situakion. You would therefore be given the
odel, and asked folow-up questions. Tt is wore. Likely trat ypud see s when you have linear” model for
datn on 0. y vs. Inz graph > more. on this (22107, Examples may include eorthauake intensihy, box office. goss, .

MORE SLNUSOIDALM)DELSI-’Agam,we\}ustPn\!eosmalle)(lfnsionon{h&-brHne. HL seckion. (here before we
Just saw fer=0sinbay+d, now we have fRO=0sin(bla-C)+d. Looking ok the previous section, the. extra. ‘¢!

is equivalent t0 the. transformation listed. 05 y=f(-0), whidh was & shift to e ght. Tn sinusoidal
functione, well call. it o. phase shift, which is shil simply o shift Left/right by a. certain angle. Here & becomes
extra. important to know how the. base sinfcos funckions ‘start’ - ie.: sin(0)=0 [and fising] & cos(0)=1.

REGRESSION/> As with the. mojorit of hese tupes of functions, you may have. estimate: o model using non-linear
egression. In this case. - the. siusoidal. regression option on your GIC.



continued hLM)
£G.2The following goph shows be eight (@) |
of the. woker ok Skegness Pier over a day. Find ]
Q. funckion for tis in e fom hE)=asinble-cjrd: 2

|—>Amp|ihm: a=31=3 Period=2(835-25)=125 3 b B o %ﬁ%
b:g‘ﬁ%{% ==l With 00 phase shift, the first maxiswum would bR ak x="%2 =315, as it’s
quarter of a peniod. So ik has been shifted 0.625 left. - hi)=3sin4f5 (x+0619) +1t

LOGISTIC MODELSIF> This willk usually be a completely new tupe. of function for most students. To get to
the poist, these are functions inthe fom: | Lx)=—L | where k>0

It will, produce a grph in the fom of an S-Curve, or sjgmoid curve: T
So anything ot grows quickly initially, then flattens of, for exavple,
population, or awount of backeria,, can be. modelled witia. logiskic cunve.

Horizontal. asuymptote. (‘imiting value') ot y=d , and tecanically ok y=0 to the left

U-intescept s plug i =0, which alioays gives (0, k)

Rototional. symmetry around. the point (4 %), which is an inflection point, see. topic /5107

E.G. 3> Agter millions of years without any news mammal. species in New Zealond, a couple. tnousand rats armived
Unknowingly on Tasmoan's ship in 3642 Trey realised i was a. problem 20 years later, 50 they surveued: they
eskimated ther wer 100 tousand rats in N2. After 10 more yeass, Brere were Si8k. 1t is time in s affer 1662,
ond. P s pop? of ot in tousands, and. i is known tak rak pop®s follow a. logistc curve o : PB)=Tce=
(@) Fird CL - Le have (0,100) % (10,518). Plug both in to get: @ 100=-11L—C—g=ﬁ3 —L=100+00C [@ 51%=%w
— | =513+5%-C fSub: 00+100C =51$+3%-C — C=1398 [Sub into ®: 100= g — L~1498 [ mox fats=1498165]

() Lomen did the pop® surposs 1 Million? PB)=15 5 z==1000 > £ =167 - in 678 : mf;
|

PIECEWISE MODELSE ACross a. wide voriebj of real-world situakions,

ik mawy be ore appropriabe. t0 use one. model. for some. of the time, but then
have o different model, for a section of the. domain. For example., i a bird flies nonvally, then dives in fo water to
Cokch 0.fish, then the. model might be inear for some. time, then quadratic : | )

EGLI | $2,000 eams 27 simple. interest ger yr. for 6 yfs, Ben 337 compound ink: after that:, (@) give the model:
LS(thle: F=244000 (1+0.020). for compound, we. need Syr value, 2000(j+002n), OsN<5

24000+ (11)=26,400. S0, F=26400(1.038f ", overalL, giving us: th:{%wo'(tﬂ%f". 5<n

EGSP Linh is unning a 10k. Tt takes her a minute. to even cross the start line. Tren she. starts very fosk, buk can't keep
it up, and, stats 0 (0L down. After 20mins she. decides o Jusk g ot a constant pace WL g end. So- s(t)=[§}3§3‘§?§
s i disonce. in km, t is tive in mins,

OYFind C: 24015(20)=5km.» 5=Cln(20)— C=jrp=~16A

(b)Does She. gk under an hour? 10=2+045t — 8=0.15t — =533 min < {hr. .- Yes
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L0G GRIPHS > Trese. e, certain situabions Where. the scole. of e nuvbers simply e tricky 4o obsene
properly on @ rRgular g, becausewchmum\dlorgemmbersmboﬁ\m\dved
EG.1PA piece.of pager (5 0075w e fold if NV s |
repeotedly (bevpnd e usial limit 06 7). s a0 -‘
ofaph to find whien i becomes fom Brick, then
how wany folds urti, it reaches e moon? I

e graph h(n)=0.075(2)": Moon =2 foids 5 % % W BT o
[PBut we never found He dom n-value.. That becouse. 10mm is so ridiculously small ona scale of 100’ of billions
Of s, T e 200med 10 0. em, We Wouldrt see. the. ‘moon-height. Houw do we fix this issue? WelL, the issue is that
doubling is powerful. S0 we revese $af with logs. Specifiaally, we. graph lnfy)w. x usheadofwemguargwx,

(n(r)
EG.1b /> Gragh te height of the paper against
:

10.0f folds on a ln(n) against n graph:
We need. to tate each h,and. do bn(w)-*

>

e

B 0 EY) %0 N

[~ Here, we dearlyy se one of the most helpful features of these “Semi-L0g” graph, trat e con easily see e fom
scale. with the moon scale.. Tnfack, 05 fem= 0mm, i we do N({0)=220 and. draw o line across -, we can
finollyy ansuoer Q. via gaphing: we see it posses low belaoeen 7 L 8 folds.
EXPONENTIALS> This process can be applied to any exponential. funckion in the fom: y=a(o)*. Why is bis?
(el if you do Ly, you ge: tny=n(abF) - by=lna+ b, and s bna k lnb 0f sk constants, then this

0 version of mx+c. (£ @ lineor funckion, buk only on the. semi-Log gaph.

REGRESSION/> Given upu. knoty howy 1 find. Linear regression Lines by now, you apply that: to one of these graphs,
0 gt whok (s effectively an exponential regression curve. Just use the 1y kX as your 'y & O Lisks on your GC:
EG2p-Forbe floumgdin, iy ()0 | 2 3 4 56 8 10

i e M(qm)|27 33 42 50 64 5 83 2 23

that: i should fik an exponertial. model, /00 GIC, e U0 O WM ctlum:
gping e W for M in teavs of £ U\MIo_qqg|1_1%11_%5]160‘1]1_%5&|Z,015|Z.1%6|2§>53|3.07?

1‘73 3 . - Very close to linear, so oniginal. datn. is exponential. Using GDC. linveg(x+b)
WA !. f‘Aﬂ(ﬁmuﬁﬂ‘\x&htlgUsb:U\M. rt=0999 which confinvs exp. comelobion

T v 68Dt
GDC ds0 Shows M=0.2065 & b=09%k, Which means InM =02065t +0996k - M= ™ ™
M= ™ — M=1.708("™f — M=2.31 (123}
bhh&\m&mnbemodellzdwtﬂf\mw.mda,%mmbg~237,PU~W



continued

POWER MODELS As discussed. in 257, we. mayy have work wikh odels in e fomn £x)= 0", However, 00w we
Kknow about swikching to axes for exponentiols, ule. investiate something similar for these. power models :

Toke y= 0", find. log of both sides: L=l () — by =lna+lc® — by =na+ n{lnn), which again, s olsost
a linear function. Although this time, not only do e swaikch Y for Uy, buk olso susbch 2 out for e as wel.

In practice, tuis actuallyy means we can graph i with o log axes, to inearise the dota.

E.G: 312 A group of students b to miodel. he. makion of a football. being dropped off their S roof termuce:

DATA time (5)|dict.follen(m)  nomal. Scalter: 5 nf not. linar, therefore nf ~linar, therefore
PECORDED: 015 153 £ not exponenial pouser senes v
15 1 C byl c by ) 5 g
E = =
2 n = » _TS——'EQ_; 1 y vs. In(g) 2
15 VAl . plok . plot
3 W3 x " ‘ . ; R
35| 615 I 1 2z 3 % I I 2 I o5 1 |ut

50 we. ek our™ Inff) & Inf) columns onour GDC, and find. the. linveg(voct) line for those. e gek m=1966 & b=1608
thiis m% veans : W=i.%6(u¢)+1.60%—-’ f=€m(m'”°g—>f=€m(w-)€m T E=‘*Sﬂlm @ WW]

LOGARITHMIC mnEISI—:Thesewemsemm@,butmm'useemwlogwtescanbeusedww\&ishfeoi
function, and how it can be. lineanised . S0 uye saw how exponentials can be. written in the. form by=nrx+b,
and how power models can be written n the fom lny=mllnx)+b. You con imogine ot tere & one
obher version of this — where. we jusk have (X, which subsequently means thok we can dhange the X-axis
to 0on b axis 1n order o lineanise 1. T we toke. o look oF the. general fom of the. nausal Log funchion
muodncedbefoue:3=<1+bu\x,mseemmmtsmdedtommwissmfmﬁmwemed.

EG b Give o faburol W — s e have o straignt Line, we can stort by finding e
logaritiwiic funckion that 3 slope: m=3=2=3¢ , W- mlmeptuss therefore

fiks the following graph:  ~ At lnt we have (W=3+%F Wl
EG.5 Find an appropriate. function to model. easthquake. magnikude. vs. enery relensed. (Joules), given tis datar:

m&m Sw\an (1906) Manccomeo) waafau (zoou)‘ :Saptan(z)u) mpw.(zols) Turlceg (2023)
ITUDE
ENERGY REL. souo)" zo(m)" LA(0y* 29010 3q(1o)‘ 50(10)“
LTnda " o, iy osee, but defintely ™
scater Y1 close&kbtirelogﬂn'ﬂm'c : 3
PlDt3 3 L ’
Shage <0 we find E, "
i s{0)' 10" E Oldpbt M. InE : g % * 4 *“ 50 [qE

(e have a linear relakionship behseen M & AE. [=09k]. GDC gives m=0.30285 & b=-35067, 50
M=-351+0303INE — which shows Brat 5 You vove | up the Rickter scale, enemy increases 27x

> S0 agact from using 10g gophs bo find the model,, You con Jusk use. the. graphs to show large & small numbers.



