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History & Applications — Sliubhilg disy )b dxal (|

Event — Sa=ll di|
Volta invented the electric battery

g ol Wes e 1"
André-Marie Ampere founded the interaction between electric
currents and magnetism 1820s

dpublisally oo peS) )Wl o @Vall pol il
Thomas Edison invented the lamps

1884
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Power systems

3ally &2j9illy il sl T

Signal-processing systems
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Circuit Theory — yilgaJl 45 lAj

An electric circuit is a mathematical model that approximates the behavior of an actual electrical
system. (Nilsson)

«Nilsson QlS» (848> (305 oA ol yla] (ndl) g0 o duyygSdl )51l
An electric circuit is an interconnection of electrical elements. (Alexander)
«Alexander QlS» .du,gS jolic g boaly o duyeSIl 85141
Basic Assumptions — dw LVl Iluoyall
« Electrical effects happen instantaneously throughout a system, called a lumped-parameter system.
.(lumped-parameter system) dxazall jolisdl plai s g (Uil elail JS (b bz Erazi dy sl Olyuilid]
« The net charge on every component in the system is always zero.
Lails Tao sglud pUaill (b paic JS oo duolall disid] »

« There is no magnetic coupling between the components in a system.
oWl jolic Hu (magnetic coupling) guublise zlgajl a>gs Ve
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SI Units — Slasgll (Jgal plail .2

SI Base Units — duwlwll Olasgll

Quantity desJl unit sasgll Symbol 3oyl
1. Length Jgbll meter yio m
2. Mass aisll kilogram ely>gliS kg
3. Time ol second ali s
4. curvent ilyeS)l Ll ampere yuol A
5. Temperature b)y=| d>)> kelvin als K
6. Charge duLygSIl dizill coulomb pglgS c
7.. Luminous intensity scbo)l s | Candela Wail8 cd
S| Derived Units — dainall Ola>gll
Quantity desJI unit 81>gll Symbol jepll

1. Frequency >>)il Hertz jiyn Hz

2. Force bq3Jl Newton (yigui N

3. Pressure bsuall Pascal JSuwl Pa

4. Energy dslall Joule Jg=> J

4. Power §).all Watt blg W

5. Electric potential (n)g3]l 2g2J1 Volt clgé Vv

6. Electric resistance doglioll Ohm sl Q

7. Celsius temperature & gio d>)> Celsius yw gl C

S| Prefixes — SU>WI

Prefix Jolsall oyl
tera |y 1012 T
giga x> 10° G
mega Lo 10° M
kilo gliS 103 K
milli Lo 1073 m
micro g)Sue 10°¢ 11
nano il 107° n
pico oSu 10712 |y

Olasgll Jy 9= — Example 1.1 (Nilsson) :(1) Jle

If a signal can travel in a cable at 80% of the speed of light, what length of cable, in inches, represents 1 ns?
Sauiligili | Jiay sl &gl JiSIl Jgb Las gl depuw o ZA® dcpun LIS o Jaiis 8,Ladl <ulS 13)



Charge & Current — jLillg dizidl (3

Charge is an electrical property of the atomic particles of which matter consists, measured in coulombs (C).
(C) pedsSIL yuldiy B3lal) digSall )il Ologmzl) duygS duols dizll

Electric current is the time rate of change of charge, measured in amperes (A).
A(A) ol Gulilg (dizidl yisi) (riojll Jasall g (o eSIl )Ll

t
q=fidt
t

Sl Jol85 dizeailg (o 3l) Ay dizei| ddiidie )Ll
HWil JI dizid] (o — Example 1.2 (Alexander) :(T) JUo

The total charge entering a terminal is given by q = 5t sindrit mC. Calculate the current at t = 0.5 s.
Al uaj aie )Ll cuwsl 18)gS el &ML slose bo byl dslall ddsIl disidl
MC/s 3>g9 ool Llgil JS .dyilio dls (b t wpd Juols dixaid] oV (product rule) Jlgal wipd 8acls ol aziwl sy
Byile MA osi

dicuidl J| Hlidl o — Example 1.3 (Alexander) :(I’) JUo

Determine the total charge entering a terminal between t = 1 s and t = 2 s if the current passing the terminal is
i=3t?-tA

28530 g LS Wyl Hladl Uil S 13] inilig il G Wyl dslal dizdd] (WJles] a>gl

ilgil poillg oVl Ll oV polgSIL @il .euisVl 3=l 2 4bl af eVl 3l yose (ouandl Gu 39z JolS iz widl

DC versus AC — J))iallg yoluwall jLil
DC is in one direction, while AC changes directions.

Lo aalxil yizy (AC) s3yiadl )Ll laiy «culi a5lg oLzl b sy (DC) paissall Ll

yie jui — AC oo yWi — DC dj)liall a>g
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Voltage (or potential difference) is the energy required t
point (+), measured in volts (V).
(V) Cdgdlly yuldig «(+) sysl dbdi W (=) dus>

33yie yli — AC yoduss )i — DC 4)liall azg

yaall Jg> (sinusoidal) duu> d>ge ol 2o il asl 3| (oeall JSuill

Jaill bghsg clygStl &uil OligusIyl 838219 Sl Ul liol
Voltage — 2gx

0 move a unit charge from a reference point (-) to another

1o dbii (o dizuib 8a>g ey y=il) dojWI d5Lal g (32l )6 gl) g2l

Voltage is the energy per unit charge created by the separation.

Olizil Juab oo dxilill dizd 8a>g JSI dlall g 2g2l

dw

Vap =

. v = voltage in volts (V)
e w = energy in joules (3J)
e g = charge in coulombs (C)

| .4

1gxll bgd ulws> — Example 1.4 (Alexander) :(¢) JUo

An energy source forces a constant current of 2 A for 10 s to flow through a light bulb. If 2.3 kJ is given off in
the form of light and heat energy, calculate the voltage drop across the bulb.

sl 18)h>g c5u0 8ygu0 wle Jg2aliS TP Casuil 1306 izluce JU5 glei 1+ 810) jusel T oy8 Tl [ gosy d8lb yaunne
] 2luoall e 392l b

Passive Sign Convention — Jlul 3)Li)l 2llouol

by @Ve i (6 duzgo byl paziu e (2> pell 1g2l b ooV laslge paisdl (b Wil sz yall sVl 1S 13]
b )Ll paiaws g Ll 2gl

Vap = ~Vpa = Vg — Vp

Negative Value — dJlw dayd
voltage rise from terminal 1 to terminal 2 (or voltage

Positive Value — di>g0 dous
voltage drop from terminal 1 to terminal 2 (or voltage

0

| oo @l &b o) | WIT coyhall o 5t duzgo i
ol

T oo @l dimis o) T Il) B30l go syl iz dinid
(PN

drop from 2 to 1) risefrom2to 1) Vv
(0T o b o) T o) oyl (o sgz gladyll (I T (o gz glas)l o)) T I oyl o gz boid
positive charge flowing from terminal 2 to terminal 1| positive charge flowing from terminal 1 to terminal 2
(or negative charge from 1 to 2) (or negative charge from 2 to 1) i




Power & Energy — aslbllg )28l (5

Power is the time rate of expending or absorbing energy, measured in watts (W).

W) blgll yulily .a8Uall yolaiol o Jiy) iejll Jamall a 526l

Energy is the capacity to do work, measured in joules (J).

.0) Jsb ywlady «Jsui b (e )38l o dlall

_dw(:) —ft dt
p_dt w—tp

0

p=vi

w2gall Wbl o 2)B )Ll

wzgall Oybll jo Jo1s )Ll

P = —vi P = +vi
L 1

+ +

v v

If p > 0, power is being delivered to the circuit inside the box (absorbed).

3)aall 8Ll

raisdl lgpaiay ¢l Ggaiall U5 8,511 o] plud (gd duzge 8yadll CulS 13)

If p < 0, power is being extracted from the circuit inside the box (supplied).

saisdl .33 ol 550l o 33w (s dlw cuils 3]y

(P < 0) dlw 3)a8)l doyd CwilS 131

(P > 0) dizg0 8yl CwilS 131

Power is supplied

Power is absorbed

Bl by paisl Bl cllgiuwg paisl

The Law of Conservation of Energy — aslnJl bhas> )4ils

+ Power absorbed = - Power supplied - XZp=0
Lo sgluy 8,51l jolic JS aljadl spzll g gaxall ol i tduwsSlee 5Ll 8355all 8)28)1 $olwsi &niesll 518l
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el bl duill ;i by

p=+vi (+) wogell oyl o Joay )Ll 1
p=-vi (=) bl copbll o J>ag Ll 2
p=-vi (=) Hldl oyl o Jzay Ll 3
p=+vi (+) wzgell oyl o Joay )il 4

o>
p=-visJldl bl ge dssylblgp = +v 15 wizgall gzl Wb o Ll Uz 13]

Case2:i=4Aandv=-10V - p=-vi=—-(-10)(4) =40 W — absorbing 40 W.

blg ¢+ Laiai Ggaall Jsls sylal ol ¢l dolg &+ duzgo 8)28)l oeSis «wilgd 1o cullw 2g=dlg yuol & Ll :dulil Al
Case3:i=-4Aandv=10V - p=-vi=—(10)(-4) =40 W — absorbing 40 W.

Lgil3 doidl (osy ez y0 ol i blg & jolois! :lguai dxiilly «go 1+ agzly el & Wl il @I Al

duioj da=] aic 3)aall — Example 1.5 (Alexander) :() JUo
Find the power delivered to an element at t = 3 ms if the current entering its positive terminal is i = 5 cos 60rmt
A and the voltage is: (@) v = 3i, (b) v = 3 di/dt.
(W)g () il b g2l 9530 98 oS wuzgall asyhal Jslul )Ll oIS 13] 4l wlo ¥ sic jaisl) daluwell 8)38)l a2l

Solui ol 0.18 pi ol 345 .5)18 355 naisdl ol ol dlw )38l (U) by duzgo 838 paiay paisdl (1) (6 2 il
Sygpo dwll AVl gog busg d>)y 32.4

dsUbJl ulw> — Example 1.6 (Alexander) :(V) JUo
How much energy does a 100-W electric bulb consume in two hours?
Sosicln JUs blg lee a5)18 zluae cllgiug &b oS

85lb 1> (sgh W dclu-blgll 81> Lol Pev (18 Ll glsT o] Sleludl dysxd o 11V Jsll wle Jswanl) iz il

oilgdll sazde

ol 3a>gll ol dwesl
q = INT( i dt ) C q Charge — dizuil
i = dq/dt A i Current — , il
v = dw/dq \Y v Voltage — gzl
p =dw/dt = v i W p Power — &,
w = INT( p dt ) J W Energy — dslall
SUM( p ) = W p Bl ha>




