Moburg 4 ¢ Iarrovuction

- This course 1§ about dfﬁ(\"ﬁ\ gfgw«\s and £ Heyin

— we will taulk W re Ff‘@a‘iéy Abgut wWhat
latey

9
a S"fgmqf i $

— Foc now, You have an ntui Yive icl’*’-‘ir

DTj_H‘cJ 5bhal§
Ave gyround you every where,

- The wmusic thalT comes put of vour AMP3 May%
i fadl) o diqal radio |

- The pictures +hat come sut of Yo TV aud
VouTube . The movies vou see at +he Feste
— The signals Hat contre) how Past gas g‘e"i's

injecked into the cylindess of the wippe
N yeur  eqv

- F\'H’EW"\‘J means Processing o modifying signals,

- Kewwv}nﬁ noise. from sensor Aaka

_CprrEc—Hrj transmission e vrers n Your wAuSic amo(
Youy v1deos

- Monitoring vour enyine. pevformince and ﬂb:;ﬂxug-“ﬂj
the &lou o€ qassline.

_The 05T v\'\n‘w\j we need 1 do ¥ tule some abetd o
eV\S\V\e@fS mode\ gfﬁvxn‘s and '?f\*’e‘l";ﬁ'.

- Movre 63eutem\\y) cL “+\/\N\3“ 4hat apats a S.‘ﬁm\
dv\d OVL‘)('QW'\'S a 5(3%&[ S ca.\\ec* Y 5\;‘5"\'&‘3%’\ .

—-Fitters are o specific class of S Ysrewms.

— The oukpuT gignal o€ a £iver g Usuelly
produced by o difying the 1wpat  sigual

M a a\esif‘,weoﬁ} Prea{“\cﬂka“e way



- Elecrrical %o Cam?w"re(r“' ehgimeers MA@ money. .. and
help people... &y Usng models ,¢ signals and systems.
- The moc\@\s are RSased o maHAeMa‘HCS,
~BY using the models apd pu- mathe meki
can Aé‘jfg""\ a Sys%em o g £

on\s) nclud 'nG 5

— Ouvr braing
—ouv penc\s, Paper; qud calculators
— OV computers

= When e medels gre wsed cor ‘“ét"H}/} +the VV\H‘H\@\MA‘HC,‘)

w |\ accum’r@\}: predict ww fue AQSFjV\ed SyYsieumn
will behave sut in the real wWeorld .

S, we

= This & a powerdul approach .

- Yow can wse %a_‘ﬂg_ 5 Aeﬁ(gn A 5\/14’6’%& vawe
have confidene Hant when +ie Sfstem g
ﬁo—\ua\ly buivtr 404 Aee\@j@?d/ [REEWA\ beWaue_
The Wat g supposed ko .

=YW can wse our wath models analyze qun
WAENOWN sy ctapm g Mw&emw{-émﬁ how i+ wprles.
# Caveat: all models have assuwmptiong

- T6 the asSumptions 4re violated, the mode| wi\l

denerally Lail 4, Accurately descpibe the behayrio—
ot the real System,
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Example .

N Lah T Yo will hook UP Some elervrica |
covmmponents called capac tors

— Thig COUTSE 1S wWoT abouY &V\a\ofj AVSITR

T W, hur
' exawmple i aboutr +hp WWROTYauce o iy
made aSS umptions

A ey

——Cﬂ‘?qc{‘%org ‘ASM'JL‘\y lrok ke a |itte E:GLVIH
R

ey
BHtle ““hutton oith twe wivres Coming ast,

— Capacitorss Q o~

—Here iS5 the elec*riea\ symbol Lo a Capa ey ;

¢ —> | (t)
+ v (t)~
~ V) s the voltuge acres +he capac it
- ) 1t the curreat Theagh the capac
- V) and (1) are beth Siquals

— The capae ~tor
thovgrt of a4¢

S A systewm. Tt o be
4 simple €{ltepr

~ The capacior is Aesevibed bY A constent nu e
N~

C called +he capaatance |

— We haqve a wmeatlh wodel +Haat relates the
Signals {4 and (1),

PAsE (.3



- The watl, medel Te 5“\18% L’Y :

= C%&:V&)

-In other words, +he c urvent -t'kmuj"\ The
capacitor 15 proporieal to the

derivative

of +He Vﬂl'h‘f)e Qﬂg_g_j__“’hé capPecitor

~Now Kere 1s the point ¢ the model has AsSUmptiong |

~For mosd commen Ca(ﬁadi‘mﬁj [ Y QJSMM@.&( tHhat
the POWEr™  givem by He
Lt A

Preduct ot 4,0 C et
Hmeg ‘the vat‘i'ajel S legs Hhan "4- Watt (C’"‘S),

- Ns \ovxj as the assuwpticn g satisBied, ., reza\
Capacitor L)\ bekave Qééﬁv"dt‘ﬂj ‘o e W&e\

= I you hook up an electirical cord 4o +he capacitor and

f’k‘*ﬂ vt a2 wall Sock et s

b @

- The power | about  \20%15 > Loy watk >7 4 walt

PhoE (4



- T e casey/m wwde( assuwmprians gre wola%e(ﬂ )

—The CaTac{‘\.’or" w -\ V\/o_:\'
waa YA W\Ode/\' '

behave accardmy 4o ouwy

- Imi—eadl, +ee capac tor will explode 4.4
blow out Live .

ﬁ/‘f\ara\ of +he story 4

- Ever7/ ev\ﬂ nee V‘M] medel has a (s Uump-ticns,

- TP The ASsumptins gre Sod'isC\‘ed, +hen The

model i accuvately deseqibe the beluyior
ot the res! sy shewm,

- T¢ the asgu\w\p—hmg are v\‘()[q,‘\'ed, -H«\en e

wode| il %‘.L\_ +o @rre_ch\y Aescrite +ue

behavior pe o rea\ systeu,

——

Seme TuouarTS AgputT MATW

- Math i important 4p @V&Q\‘V\?C&FS[
— Math s at +he heav ¥ of Hae meadele

we use to
deSfﬁvx and ama\\/%e f(sk\/fx‘ca\ <\ Stewms

= Consumer elertvmics
— Medim| deviceq

— Autowmptive syetems
— Military syglems
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— Sometimes math can ceem Contusing and haprd !

— Sometimes 1+ may @UOn seeun | ke wiacta W44 Mvel/d'aa(
mainly 4o Yortwye stoudent |

— But it% iwportant 4y (a‘\‘ \ea st "rry '\’O) emembh -2
That al\ +he math  we

Wie wag M{'MU)! Mve»d‘a:f
o male (ice easier ||

— So why does it Sometimes Seew so herd 7

- Towerful SO'PM\S4iCcL*@€Q et teol ¢ are bui
by SJrafr'HV’ﬂ from Qipet prine

ot suall simple steps,

up
Ples and Jmk»‘nj lots

- If Vou Tr\y ‘o CC\?’MW\E i the waidd \é)

—Oov it you Try +o move Lorwerd withaut

Feally uvxclerfm\diugj the previous steps
Very well,

= Thena i+ will seem haprd H
f—-> AV\A COV\'GU»S\'V\jI‘"

B Moral of the skorys it4 (mportant b jnyect the “rime

YOU Undessand eacw step belure MOVINg  on ‘o

Pace 16



Mat Review

~Now it5 +ime 40 ghack bulding up sowme math hols

—The Girst Jr\m‘v\f] we need are some et oE Numbers,

DEF » —the hot e )
(¢

Nuw e avre

Som et ivne I Ca l\ed

COUV\*'\\ﬂj Y\u\w\b@rg_‘:

kaey are the Same g¢ ",“if.;_@_ pGS"’HVQ-
iV\Jrejers_

- IN is te Symbol bz the patural Nowbey ¢

['4
{‘/2) 3)4’)""5

= They jnclude réal

nuwmbers > A L wepre
the decimal

pavt ( frection ?ar+) (S -Z:em

erg I
,V AZN| Mciué[ﬂ
fgf‘l"\ /I

PEE; the I_V_\_J_fgj_cf_f_ﬁ_ are twe real numbers )+ have
Ve no

,@m(*m Pav% oy’ Aeama( P[W’f‘

~ The wtegers nclude all tue natuval nuwbers qud
Yhewr additive WeVses, 4s well as zersn.

‘::_X_‘ 2 ¢ a warvval nuwmber in INL
= The additive nverse of 2 (s -7,

Eec«usc 0 x (’7-) - O

PAGE |7



= The symbol fur the inteqers is Z:

Z = { -3,-% -, 0,1, 2, 3, "’5

P_Ef_'- the ratrional

Wg, are The set ot all ree |
humbers Fhat can be yreitrea as

4 rqtio o
two inteyers .

— Tn other w()réts, every rational humber” can be

weitten as g Lraction FAb Where P a nd ¥4

are integers,

FACT: i€ you write g4 Fational nuwmber iy deciwa

Lorm 4+ '
) en ) ‘
o reF +s :W\Q QF«C‘\‘\M Pdw"" e\’t‘)/\&(’ ‘%e_rw\ima&ei

EX:

|, 26 C+€f"mima‘+€$)

= 1.2333333,.. (repea*'s)

5
%
EXs %

=

— This 1S Sometimes wri en as .3

— The Symbol Lo the rationa Awbers (¢ (]

Prae 1.8



DEE © 4 irrations |

hombers  app the get of all wm(

nuwbers that cqan et be wiriten 48 4 ratio o
+wo integers .

Exawmples: /2 T

FACT © when yor writt an jreational

Aeciwmal mﬁm'W\,; the Fract
+ermivwh4’s oy repea+§

~ The Lruckion part goes on foreye,
withput repeating .

ANuwmber | h
M PaArt peithe,~

EX: TC = 3.141592¢453 . .-..

Unlike +he other sets we lhave Consdered <,
vecational numbers dont have any

NotE

‘e, the
S‘)/ W\ba ‘f

DEF & if yeu put The rationgl Nuw herg Ay +,

evattonal numbers,
huwbers

gether with Hue
Then Yyeu et the set of real

~The real nymbers are the set of 4 Number g et

P27t (wmore on Tuis later)
" be tnpught of as re

have no oneginary
~The eal nowmhers g,
the points on 4

g e 6{~a‘w\‘-@im‘\“€ l%j“\’)/\) Meqjure@(
From  gme tzero point? o ‘origm™,
~This line 1S calleg e “real [ine™

- Tb\e SyWJwi 'VW' ‘\’ke_ real v\\)w\\oeﬁ \S 'FRJ

PAGE 1.9



I\\O‘\‘e R S~ c{V\A -9 avre F\L\W\‘De(‘s N A Sen

ave not fPar'\* o+ the reau\ v\uwﬁaerg.
—Tln

¢, but they

'S means +hat They are glspo not
. a
ot +he haturals, o

ot ~
MY PACK of the o ok veaen

Fationals, an

Aot
ot the e onal s = Pt

“ﬁ 1‘9:7""50[5 teo and —ea gpe otten wsed 4o Mmeqn
“TSOme guant s unb '
v g ty | "“bounded or fails +5

— Some, moye S\/Mb()k

T ; ‘
wp;-}—m@j : L\ad’ are Some‘("‘\m@g bm@l ‘J:Q Saye

e

" t
€& ¢ g an Clemeant of or i

EX
=X xelR TE’OJI‘ “'Z IS a eyl V\UM}:G,V“”

¢
OF Yo i in R
: (b B . «
= ( ackwerds I;) y There 8){(‘5"‘(’5”

v . Cu\as\‘c\e down &p" )5 « for al H-

PAaE Lo



4

EX: YXEQ, FpqeZ suchh tiut 7 - .%

Thi ¢ fead \n EVﬁ\\:if\ ag .

are in e Fationdls, tuepre ex; s+
SUCL\ m-{— ~ = ‘F/%Iw 4 €

¢
tor all numbers x Hat

M'l'é’ﬁefj P and 0

::> Th, a [
B .‘S— Nj(—y See pw G 'I'er B(‘f’ UC&w\p!{(q‘}ed“ ﬂ+ P(rg»f
B N \ N ‘ " .-
S v a4 way t <cave writing ,

- I+ you practice OMe; then + Luill ﬁu"ck‘l/

Seem easy and *
YoUr will stert o
fact Hhat & saves Wi tia e e

.

SO me T!’fﬂ_o ﬂOW\e‘i’ry QQ‘J PO

P st

— Su\ﬂjrﬁe we hqve, a r\'glr\’f “t'r\‘ﬂv\jfe as Shown E&lo\"/
With  sides of lerath A, B,

Avxd aNne 1
A CI radians ; e

P\
K
©
C
:;de A Called fThe Kypo‘hewse,
(de B ig called +ho +e
_ PPosite <.
Side C gAe

'$ called Twe adjacont side

PAGE 1]



N Cosg = adjacent  C
/ B hyrotenuse A

& Sing = cftsite B
hypotenuse A
—\'CmB . oppesite. B s
aAJ'c«.cerA‘f - C @3B
C - -
arccos p T CoS "(%)=9©
&rci‘n %—-’-‘-’- Sln“(%); 9
orctan %— = (E)= B
0
% yU\ S'/\ouL\A \ame{"ly Cevieny o 01‘"‘\64" Ko
‘@Mf\c'h‘mg-, e T 3
— S€cant : cecp = EZ:Is_é
T Coseants csep = gy
-—Co+anj@,/d‘; cot@= _"F'\"B,
o

PAGE |12



Re laﬁ'“\‘cm sh i‘

e P Between +ie Rasic Tm:j Funetons
and e Uanit Clrele s T

\ C'\e- )

~ Ths cirele
S called 1,0 “anit cirele

radiug = 4

(')C('a) = CiTé)
X,

OV‘\3 %\

(x ‘d) =(0,0)

——S(c(c_k poinT an the circle hag 4 « hovizental ™ toovdinate
and a U vecrtical" cooredinate 3.»

— You can think o€ +he PONY as a Vectar [7%1

This defines @ right”

triangle i hypoteaps
oy ot le\l\g“’”\ i

a

PAGE 1.3




3-—’6 | ZJ)ZS,
L
%

(03B = horizenta) coordinale ot point = %

SW\ 9’ = V.er“f‘"\ca\ COOrd necte of Fa\m‘i’ = j
s _

; )
“l’m@ s X

- This “Lnt cirele"

way ot ‘!’b\{nka‘ﬂj
Gad un wmalkeg 1+ easer +p

’H'\éy mean Lo larﬂw" anﬂi

a bout s, ¢os,
understand gt

es :
2T
6= 0 6= =% =%

D

SeRsD

PAGE 1-14



P
Mg

- In each cuse, the !

.
X" or horizante : 3
Equal to  cos@ srizmtal ccordinate ts

- 1
The '%” or vertical coordinate |g egmqi to SsIng.
Note i +his also works Lo negative angleg :
i
o=-7
‘\ — Has the sqme <ine
o 9 and  cogne as @ = pany

—~This “unit cfrcle“ way o€ ‘f"/\"n[m'wj alwwf’ Sine ﬁvw(
COSMR IS very jmportuat . Spend Some Fime
k W\\'g’%\ i‘% ‘f[

Parc [.IS



— 16 you move the Point once arovad The Circle
IS one revolution g Veyele !

= 2T rediang
= 360°

— So 2T rad = 340 d93

— 1+

— 5o Zlred o 360 deg
fodes Lz - L

Converson EXG E:»\ es

T . o 360 deg  _ 360
$_ y3 rad /ﬂp Q/AX/T\{FQ.’A 8 &QC %d@j‘/
v
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NOTE : Hhore 1S a list o€ Trigonometeic idenkHes

ovy Pade 4 o4 the @wmm\a Sheet availa ble

on ¢« .
the “f ndoyts M of the curse Lueb

Sec++
site.

— Ss?emk Some tiwme \”evieww\ﬂ -t o(g

Rures FeR ExronenTs

—Let a, b ¢ be nuwm beyg

- These rules worle S real
humbers, and Lractiong) nu
- IV'\ Oﬂ\gr WNA§/

B A Memprizp Hoe e rues |l

¢ ¢ @9

numbers | complex
mbeyrs, |,

[) ab+c — ab&c

3+4

Example: 27 = 2°2%= g6 = 28 v/
2) (ab) = at ¥ /
u = «8| =
Example: (2:3) = 2%3%= (L8112 1,2%
c
3) CQE) - &bc
3 2+3 _ A - 4/096 /
EXawmple s (‘4’2) =4 = “
L\e
4) a*t=(a) = = s L
Exawmple 2"3:: (‘!i): 287 8 PAGE (7



CompLEX NUMBERS

~ The complex humbers z

e “the set of gl Wl bers of
the £Hwn a+ib where:

- a,be® (a anag b dre Fea\g)

- j \$ a spec«“al Nuwmbe

. o
et Maginary wait?

= § s defined \3)/ the € quation

' Cédlegl t+he

- i other (ol ke mat), and physics, +,
n'f\/\aﬁ\‘mwy un -t < wri Hen as .

I elechrical 8nﬁ;w€@ri"j) the  symbpl Y
Wag \,LS‘@A L\TS¥0Vf€ﬁééy S,g“f‘h&"{- C([” C'QM.{Q(

be  receryel for electrie Currept

Some properties of j ’

2
: “0G) = GG = )
— 3?’; 5-J = G“\)( \)C\))(g)
—> So \/:F has M ’SC)’M_HMYJ
' " :_j':’
N B - N et
&Howev&tf} this dpes not vean
that =y M

2 3

E LIp
—> They are not éﬁ“"i G



- J ¢
2 T = = -

\
- i
J - J

N
]

L J
J J

(
= S a J downsairs ' can be +traed
“@&( P ,\S ((MP?%’W‘V"?.”

T

ExX: S _ :
3T de

— Por the complex nuwmber z= a+jb, where
a el and \36‘”2)

s a s called the real part of z.

we write Rel(zl =a .

> b s called tne Tmaginary pavt of 2.
We wvi+te Q.,Q.W\['ﬂj =5 .

-5 Note that the real part and
iwmagiaary part are both yeal,

EX: Z= 2+ 3

Qelf%] = 7
L2} = 3

PAGE 1.19



Additon of Complex  pumbers

—let 2 = a4ib

and 2, = c«kje‘ oot complex
V\\)ME@V‘S, where

a,b¢,d eR.

= (a+e) + j (btd)

- So the real part of the Stama
o the reql pav ‘g

— And the iw\as(nmfy Part of Hao Sum g
btd = «

(SMW\ o€ ‘\vvmf)\‘uwy P4T+?:‘

XS a+c = (,S'AW’\

/\/\M\f\?\{cx'rf‘m ok Caw\?\é\,(, V\MM§>9‘F§5

\ \
- Use The gy rule: Lieod youtside, nside, lass -

Z1t2 = (a4 jb)(cryd)

= a¢ 4+ jad + jbe 4 j*

Pirst  outside

{i/\Ss‘Ae ‘“5”&
_ - bd) + {(ad + be)
= (ac=bd) + |( ,
" IW\O\Q“\“W)’ PAVY
V?:\ v(i:;:cf of produc
(o] P LA - QA *Ecﬁ
zact-

PAGE |.20



-% one way t think about 3 B et ik i
a SPECM‘ namber 'H\/d' controls wl/\ey\ 4m,;z(
how +here can be MIXMj B@Q‘f’méév‘\ e
ré@‘ ﬁ'ﬂ\gl imaﬁiwary Par+§f
*§Ad&kﬁﬂ17
@+ib) + (c+i4) = (avc) ¢ (bed)

= NO mMiXiNGE ALLoweD

— MultiplicgHon -
(CH'J' b)(c + ] c{) = Ca,c-— \bgl) +j(a.d -+ 'Ec,)

= CERTAIN KINDS oF MIXING AllowisD

EX Z = \+2 Z, = 334

Zivz, = (425) + (3634) = 46

—
22,2 (2)(3)4) = 3+j4+bj +8}2
= 3 +5\D"3
= =5+)D
I

PAGE \.2]



Eulers Nymber

- Leonhgrel Euler Was a Swisg mathawmgticien who 1ived fromn
707 4o (783, -

= He made Many  TmportyaT c\ismvaries tha

TL qre 5"?;’(
1A Por tgu+ today.

= The “£gu" i hie list nawe ic provounced |ilke
" .

+he “ot" i the werd Tl - wot [ilea

¢
Tkef (EM“ A Qéuw"‘a?e "

. |
— So \”Cfﬁ‘ 'DTOWDUVILQJ (‘o,l—er .-t
{

te
not You—\ey '

— RAlthovgh W was a(%uaféy first disqpuend by Jacob

Bervwvd\'\/ the nuwmber ‘e 16 called “Cules's
Auwber A \f\avw\r' ot ECules
— j:+ S an il/‘ffﬁt'!_!‘ﬁ'm&tj ea p nMMgQ,f‘

—_> e‘: ‘2:-7)%2$ a ™~ a

PPGE .21



R Fact Ampur N vmp Epg

~ Any nuunbe~ can le wrrten Tw

Mmore  +lgia
one ey,
—~ Feor examgfﬂ)
10 = 4+¢
0= 8+2
\6 = 2.5

Some Basic.  Resoldy Oon Ser»’eS

- At Some point  in g matiy
taken o Wil "\'ake,
or will  learn aboy

cless that you haye

yeu  hive  legrped
S §

- Tn EC(CE 1 5'3/

we  dren't V‘em/l’y' intere;fosl
' Tawa\lh/l? any th

vy aboyt e ChVergev e
o+ f@V‘?f‘—’S} bt we gl need tp Use some
Cesu |ty afmu'ﬁ‘ ’f”@\&w\.

“Here s gne
R I

PALE [.23



Taylor Speies and Maclaurin Seyies
et — " V'*2

" A Taylr sries g Certain keind of ppuer
Sevieg (you have or il

ctudy them  sume
VAL, Ct@fﬁ),

— A Mae lawiw Séﬁ@g

4 Certain knd 4t

Taylpe series (e that g Cewtered ,prpunl zem]'

“HEV‘”@ aye ’H/\e, M laveia Seie ¢ *(Lb,a‘f Gre bps-f
imP(,r’}’anT —i—D

us ECE 2713 -

A

Complex  pyuu he, x,
(in other words ,

Yre € )
2 3 4
Q": | +%X + 25,- + —— l + -
Sy
_ x* x* 6 x 8
o - e -t— — e e . .-
Cesx = | -2 Y = + a
' 3 g |
- — _7.5.,_.. _Z&__, - X 'Xp .o
Sin X X 7+ Y = + i
=> In -@C«C*‘, ’H\ESQ qufmu\ag are CLC+Md[fy ‘H/\e
Cormal deLinitranc ot e""l COSK, and
SMX when % i cpmplex .
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Capial 57:‘7‘44& ”c‘o ioo?f:”

—§uﬁ70$Q You ir\mle an ab"i"*}/

“a(a‘h’l” wi Tl
\00 m,i“e;ﬁef“ @!emew%*f»

= SUPPLSe  wpuy have g weite g

?{D'f“‘ﬁﬁi‘am “5‘2;1
COvapate  Hho

Suwa

= You  epuig Ao ke ﬂw“f;

Sum= data Leld ;
Sum= Suwm + data 017
Sum = fetm + dqta C22 5

?

Staua = St A&'f‘fq [9@3}'

[/
- what a pain !

/

- 60 ‘/lﬂw J@ yau real l‘/ Cgﬂ i'-é 7

- Y use 4 “, 5’0’&’?} b . éf‘ ({ﬁ-r fﬁa’f’mi}
Sum=0 ;
for (iz0) (<00 i) L
Sumt= date [}
7
s
PAGE (.25



— Easy, right 7 And \/\e\/\?{u\l ! ‘j

— Mathewaticions

actually —Q(ﬁmred out \/\aw'{'b Clo
+tlhig

(ey\%uw"ff be«far‘e *”V\e«rf We e

Mmalce |fe

(cm?u+9r§
feve wrfﬁﬁﬁ Qnd
€ a “-,{'\‘E’f',

— When You are ww“FMj Ma“\/

o lbor by usmg e

ypu can Mdk-é’ q

CQ()"“?"&; Gvee l@ He v

(c R
p2 99
Sum = Z-Cl“{"‘l:ij
=)
= This Saves Apng el
‘ ons ot priting Lo 4 :
Qo loked _p ’ e senes we
20 |
ez 2
hz=p
® & .
€= 2
h=0p ‘
Guwd & auy
("')n ’in
COSK = =" 3 el ot comply
n=0 2n)!
- numker‘ X

A e &
PAGE Wl



— How  sby,ud you thiak albpgt+ Thic 7
- Inoeech of t

last Lovr efuation g
2N PaE 26,

= The lef+ Slde and

sf\(jlﬁ' S‘e\ale
are  yust two di tterent
Weys ¢ Wr?‘f‘r‘wj the  cupe
huwher
=¥ T€  this

Seems C&Vlﬁ'ﬂ("‘j) look
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