MATH 1520C Uvrwe_rs‘rha Mathewatics o \Afvfhcahows DTSV~

’-Qe\ﬂivé :

|) Mslu‘hov\s :
Set:  collection GF o‘ﬂeds (elemests )
S : Qubset
e : belov‘gs +o
e.ﬁ. S = {l,l,S?s
That means S ® a set Cow\'ajvﬁvxg RS ele.vv\evvts,mMel«g 1,2 and 2.
oR: 1,2,2eS

ij_ T={l,1,?>,4"i . then we %axa S 1. a Sukset cf T .or SeT.
That means  all clemendzs n S and also W T .

Netahions of(an used W s course :

R : set o-F all veal numbers

La.b]l : set w]e all real numbers . such that asc<b

Cab) : <set wf al real nuvbars % sueh dthat a<sx<b

Ca,+): set wF al real rumbars . such dhat asc
set

Ry{al: D'F al veal rumbers excel:(: e number a

2) Fwnchons :
Funcbion « A —ﬁm on s a vule b assljvxs +to eadh o\caecb n a set A

exnd’% one. olcjecb w oa set RB.
Set ll‘\ : dowain Clw‘awt)
set R : ‘(‘anje_ (ov(bl:wb)




A fucton £ Fom B to B

eg T R=R  defred by Foo-Les

i i
‘m‘rm—t cw&.?lxb
OR write : lé} = 44
/ A\
Qlepsy\:lewt qu:_ny\deﬁt
Vaviable vaiable

e. 3 Tind “he  domain sf 'l'\/\e_ -ﬁmd'lows :
) —foo -

Aps a) A can be ang real number Qxcqst 3

—'3>
l.e.  doman = TRN{3}
b ge e ‘ib b) 2320 = +s3
ie. doman = (-oo, '%‘.]
es_ What s ‘H/\Q. &Tﬁ’ex@\c‘& bettocan 'f(’?Q = :—:ll— av\é gbo =2+ 2

Ans : domain o-f + = R\ID
domaivx é'f % = R



e.ﬁ- "Piecewsse - QLE]Q‘«V\QQI ‘fb\vxcﬁbnr\

e.S. Lt :f:TR\{l'S — R defined l"é -j’cvo = f:(‘ T
We can rewite -ja as —the —fbllouﬂv%=

2 o g iR
f@o={x+l n]cvc

2
wdefined 1—} ey /V

e.%. C’Omrn's]'l"\om b‘f "'ﬁAV\C'HDV\S
5, g R—-R Jefined by
:F(v.) = Rt g@o = x4+l

TThink. : :F(A) = AR -:\ A 7v(‘[>UT\'
Then  F(ge0) = Geel) + 3Gt + 1

= x4+ 52+5
What 1= gcfeo) ?

(Now - lipask =A=%®O=x+\>

Ans : g(feo) = LB+

Sometimes , we. write (—fogxx) wvetead c'f j'?(gcz)) o) QMT‘/\GS?ZQ TH lez‘zv.v\ds on .




Functional Meodels :
’-Re.a( World  Problem -
« : Numboer e'f ‘ch\v«cks 'Fwduced Cin thovsands )

FPG:O : 'F"‘“'F"b ("IV\ "H‘r\ovSamds OJQ do”av's) ( QSSMMFﬁMt leLPeVQhV\S o % cv\(g )
bﬂw\ . Makimize  the 'Fvufrbz

S L Ot % (C.18o)
x Peo -
4 . « (1, 1B5)
<
6 (8o &, o)
L 155 \
<
S—l-z? P Mode(hvr\g
Svs‘:.nzt “thhe 'j?ww\ula baind +n be Peo = ol +bx+c
Ex: Use -he data gbove ‘A’ /SMSF'Q‘Q{’
ts sohe o, b ad < F (6.1&)
Ans : a=-5  b=8 , c=-no 1, 85)
&, o)

\
/
Ay

S‘th 2 : Prediction
Masiwx&rzm% -Fvn—?rjt © . Peo = -8+ 8:1 - 20
= =5(x-8) +doo
Maximiam ?m:ﬁr«-, =des  can be athhmed when x-§

E\’Qé‘\k - &Newn ¢ '-P('x) = O
S+ Qox -(20 = o
« = 8 +2]fic

-S'l'eF4=—re§Flv\g he  modal
ACC@FE, Moch‘ﬁ} or 'R&le::t'?



Q(AQS'EIDV\ . How —+o fivd Mmax / i ’for a a?.wan:k‘ ‘Je\Avxc:b'lbm ?
Brswer : Caleulus L\el-l?s Calse  sther QFTI‘\QC&‘WAS)

L]M‘{& D:F F(N\chov\s :

I-—"’V‘Tb Sf a ‘f‘AV\C’aoV\ .

I-f :?60 3{%5 Closor and deser *o a vea nuwber | as x 3&5 closer
-(- >

and closer = to c 'fmm bsthh sides | then L 5 called 4he linrt c-f fftzo

ab C . We wiite _il_:\ 'F(u) = L

l
/ Ce— X

t Note : a (ﬂ\'\e_ bt Mts\ao\cl"mg bu
‘F(Q) W\cua NST e%ma‘ + |, even TG w\aa ha (/\V\QLCﬁV\Qd g

Q.g. ‘jg ‘f(‘:t) = 4| ] "ﬁﬂel _Jé_v:} ‘féx) ‘ﬁ g-:fcx)
51
L 0.9 0934 0.949% ( ool (.ol (.| \ /
_fﬁt) l-q (.99 lqc‘ci 2 2. ool Q.o 2.1 // | >

be"l‘evds—l-bl as « “dends +o | .
We wvike liw—'f(—;o='>_.
x>\

fReymrLS :
D + The dnble ov\(a Swes an intuitive idea , but NOT a Y‘i%ovous 'Fma‘f 2
2) Do N&T reeavd as "Fucl'ﬁvxg =1 wo -feo and 6@& T(D =2 .p




2

eg. et f:TR\{l'S — TR dcﬁmeo\ bé- jP(x) = ;:ll . £ L.
We can vewite F a5 Ahe —fol\cwmag

re 0.9 o4 o0.94% I l.oo!l (.ot (.
—f@_) 1.9 (49 (1339 W\cleﬁngd 2 ool 2ol 2.1

be‘l‘evds—l-b’)_ as % “tends +o |

(Rt , we do NST care  what L\AFF.a.vxs when =1 2)
We wike _lwm feo = 2.
<=1

ComFave. Wity the ‘PTE\N/S QM‘WF(Q Z

- g:-f(vo
eq. l‘f f@o:{o ,]E x#o )

l }f ~ =0 \
od o0 ==

A =9O. | —O.0| — 0.0\ (o) S.00\ S.01 o

‘fbo o} © o) ( NS © )

Do N&T cave 8

liwx

oo ‘F(’;O = O w\/\‘ucl\ does  N&T ezml <o —f(o)al )




_x’l.

e—%- et f:k\{o}—fﬂi Clcﬁvxeq\ loé_ -f(vo = ., AX#0O %}P

(3:5’@0

»Y

L -9 —0.9| —0O.00\ ©.00)\ Q.0\ A=

Al o
-feo (o ot T umclzfmed S o o

-feo tends to +oo (NST a red number) as x tends +o o
b o0 does NST ot

*—>0

(tht . Some shll wate  fim -)ebo = +00.)
K=o

'Rl%l«b Hand Liwt axd szz(: Hand  Liwmrt :
|'f f@o 3{%3 Alesar and dsser €o a veal nuwmber L as x gzts closer
and closer to ¢ “ﬁom ﬁ%kt (r@F. left) hand sde ,then | s called Ahe

ﬁ%bd: (\'@F. lef(:) had  lint c-f jeco a .
We  Lvits. i‘_\;f\éfeo =L (s _’((\_\;AC-Fbo = L)

e.g. =z + (]C x>0 Y grfm
('f 32(70 = o ‘lf ~* =0 V
——7'5; ‘rf «< © q
S
Jr\;-fho =7|2z\°+ >+ = |

l'iM "f('x) = lim_ #’_ (does N&T ewst)
xX—>c L EY &

§(0)= O



(RQW\O.YE H

’R‘lé\’\'\' hand  linik  andl le%b hand  linrk o‘F a ﬁahdibh at a ’FQ'M‘E is
necessary 4o be the same !

FACT -
l\M —f&:o =L ':f ad M“a ?:f ’1!.‘—‘;2.-?"0 ‘Jirc-'f"o =L

(Le. lostin né\/«, and léfc hanwd el exst and e%ua\ 4 L)

FACT (Wrhest 'FW‘TF)
@b lj)kISacovxs\-awb,hM L -L

L>SC 7\

® [\W\ x =C
xX>C

A‘ge‘o\m\ic vao'FeY‘he.S (Sf l_]w\TES :
& or—
lf 7[2_"‘;’& 'fo) and Jg& 3@0 edst (Vevxa 'lw‘Fbv'(:QWt 2y e

> (oo + geo)

SEING ge)

SEING geo) = I feo -jggcgcvo

s feo + jg_u)/\cacx)

A>T

Jfeo = fu geo

INECTINE. R
x—»c_ a(x) Jk“cg(") A %x e

@

ve%cvcled as Cconstast -jeuncbkov\ ‘Feoak

NeST



e.é. -Ftvxe\ hwx Ex’“—s

) (iw\ 2 =2 , So [“(W\ -x_z = [im (o) Iuw\x lim
P &% > AU A2 S >N
=2.2 = 4
%‘g )
d
) lim -3 [iwr < =4 , S I?vv\ 3 = hwa lia”
> o A2 r & >N AL >
= .4 =12
:B‘a )
) b 38 = 12 . m 5 =5 . So w25 = [zt _lim &
EEN A %52 FEOw a2
= 22-5 =3
Buk  what we wyike -
PN
lm 20-5 - 3(lm=x)-5 =73
A2 AU
eg Fivxé (.\VV\ 3L -3
. U
oy 3-8 3w -8 3n-8
ESad r SR 7[3_\/:(1) - [ -2
eg —n/\'mk
N _ I .
igo_'— B 7‘(@01 Ea 7llLM°x : L‘L‘gb'f' %O
H %)
o

Bat we know 7((._',:; L does NeoT  exst.
What's Wyvoing 2

Ans - (TM %- oes NOT edst, So we cannct use ) abt k).

Ao




U
eg. Rnd lim L=l
A=l H=-3=x+2

the ig:: ’78—3’1+‘2= O , S0 we cannst use @) .
'Ba &)
liW\ ‘16'—! - [‘"M (2=1) (1) - hvv\ X+l g-"{‘. X+l 2 =
Al A =342 x> (-1 ) (-2) x>0 -2 im x> -
=31

eg Lt j?:TR\{fi — TR cleﬁmed L’é f(x): Fe-t s
Find J(‘l_v;"f(x).

NcEe : For X #N (x-l#o, denominator s Y\ov(z_evo.)
N I e I ' 3 I

-

L-1 -1 J=x+l =+l
ban 3=t b L (W onha concery those . near | bt NST egual 4o 1)
A X=\ x>t B+l %

=L (Sl Hhe same . o NST vegael as pusting x=1)




Limt  at Ivrf’w\“rha :
I'f :‘?GO 36\‘5‘ closor and deser €o a vea| number | as x gets b‘,@%@r
and big%er Cas x Goes ‘o +o0), then L s called he limrt cf j?co ok 400,

We e _fon feo - L

( Similar cle:ftv\'rhov\ -fw J;"“_’\Q’F&J) An

(3= (33}
J_\’u:;—-ﬁ-,_) = L I____/_\_____ :

/ x
o feo - M =
J_\’u*f;‘feo and J_\’V‘_’\“ ave NGT necessany +> be +he Some !
But 'If J;“;—Feo =x(_\)u_/\°°'€(-;o = L , Sowme S’lM'Fl(a_ wyite x(—‘:;\c—f(’) =L
eg. f(vo = % 9.
bofeo - bt - o 4¥

R seply fn feo - o \

FACT Covest ];mff')
|f|<>°,'ﬂr\ev~ (’\W\ #=0

AHo



JM@%mm q%ﬂmﬂms Gf Lwwrts  at bﬁﬁ%,

AD+o0 L+o0

) fwm (—fbo + 6@0)

A+o0

fwn Feo> + w geo

@ fw (foo - geo) -

@l (Feogea) -

i 'F('*) = [im g(x)
AD4c0

Ad+4c0

mAf@)-hAgﬁb

Ad+4o0 Ad+o0

e Jun fees .
Ny T ngerws
A~+o0

Sjiwilar vesuts  hold j%r liwits at -oo.

lf hm'f@) and MAQCO exdst (WMeiMFW@MtQ) . Hren

R

W
€.3. F‘Mé ('\W\ ?1
Ad4oo LA A |
2
e ina
Ao L+ | 7\ T
A4+
[ RS
e | |
< e
e+ x>
-3
|+ O0+0
=3
F\V\A ('\w\ L

Qg.

Ao o0 =+

mA Q?ﬂ
Ao o - et

. >
T L
iy & 22 - — pr— —
% 3 + xl
_ O +o0
3 -0+0

&Bgﬂ’\ li»\Tb
oo NST edst )



Cowrl)qwe_ +\'/\Q ‘Pfe\flov\S “tuo QXQW\F[@S
Fof‘ 'l'\/\Q. S_Q.CQV\& Qxaw(|>\€ ’

Dx 4+l ord  B3X—2x 4 | ‘Eevel-ba +00 0S8 A tends +to +o.

RBut 23— 'Z.-x-fl gmos -fasber +Hran 'Zch\.

deﬂ‘). Qlegl

“Think : l’f "Fﬁvo and geo are 'Folgmwﬁals

'F(x) = a,,\x'“+au.l-x'“"+---+a.x+ao wrth 2w >0 (e.

%&x_) = bnvc."' + Cny A lo.-:c <«be with. ba.>0 (e

‘hen jelml lim -—%(Lvo 'f"" ~the -'-fbllo»smg coses :

D) de@ 'F(x) > deg %(—x) ie. m>n
2) de@ fFu) dea %eo . m=n
) dea ~l>eo < de@ %(-x) ie. m<n

Ans - +oo de@ Peo > dea qe0

I BS - B T P - g

o
o

de@ ”F(-x) < dea 90

dea "F(x) am)
de@ %eoam)



