2004 vorx oo =] [2004 =

DY IR NI
L Tupws
0§ d)

3wms m31wn Y3p 7% - All Rights Reserved

ﬂ

)
i:iD;KIHHM YE &%

¥y «rz & "na

*#Tll"ll"'il—ih=-@@n @@@@
.J]* oo“

—_—
‘F°MM

nés— s é?hlill 3 5 E:',‘? b@eo() i
Wt Boqon »w—= —
D E@Kﬁ T ‘

5o S, T
v?%% 33}

oval Computers 4

Concepts Covered - TIa*2n *X1) DINN What is Electricity? ?9wn ot an

o Electricity is

D'7'7'7n ‘7w hynn T 7V vn tmwna ¢
Ay generated from

owa N'7'7w IX narn 21O oy nNaT

Introdiction the motion of !D"M079X IX D109
LY tiny charged += Do
atomic particles
called electrons - =DINVFIN -
and protons!
« Protons = + 9701 DAY Ie

Sw T mnd
[agabichinlo]
: Rabiplolrbhy!
*Neutral Atoms
have the same
number of
protons and
electrons.

Electrons = -

;o mown 2 NG - All Rights Reserved
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All matter, however complex, living or
nonliving, is some combination of the
elements.

Currently, 109 elements have been identified.

Atoms are the smallest form of the elements.

Coval Computers

coulomb. :X'n MwN M'Yoh? nT'N'N

7un D'UNT TNXR 2N171R 7 N1'WOY7 &
. 6 billion billion (6.25 x 108 protons)

'] k! N1'WON 1'aYN7 [N 2Nl TN 7nWNn N1'o
[Py TN .NTNYUNT N1 X7 72X 997 TNR DIgNN

L EE%EE The unit of electric charge is the coulomb.
pulla LU H e Sl # Over 6 billion billion (6.25 x 108 protons) to have a
Bh Hs Mr Lun| charge of one coulomb!

- e o Electric charge is conserved. Charge can be
;%Eq %Eﬁ%%%%ﬁ%g transferred from one place to another, but it is

not destroyed.

Coval Computers Coval Computers

< Simple Bar
Magnet Conductors allow electricity to flow
[s__# through very easily. Metals and
humans are both conductors.
sl Electrons in this material can flow

with relative ease

Insulators (dielectric) do not allovg
electricity to flow through easily.
Rubber, glass, and plastic are all

good insulators. Electrons in this
Coval Computers ~ o2 1 e ~ootein wonee Lt o Ti

" A navp

"wnI" 71 NPIP

Opposite ends “Attract” Like ends “Repel”




NI7P2 DNT? MYUN? DYWOKRN D'D'Y7IN
.01V 071N DN DTX 221 NPNN
D'Vl DNVPIRN DN D'NIN
J'on' NIi'wsind

Mwunn NN'T D'NYONRN X7 D'TTIAN
,’012 DN D10 D'TTIAN .NI7PA DNT?

DNN D'NINA .?'00791 NDIDT &
D'71T2 D'NNNA D'P717T DNVFIRN
.DNYIN 1y n'on'
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n"D'7I1 D' TTIAN

Insulators and
Conductors

Coval Computers

.0IVX 1IN DIIVINSN NIND =
.0'7j7'M'> NNRINV DNIX '7Y2 DN 'AIVK 1901 INIX DY DNIVKD 7D &

NIIY 190N DV 72X '"MIVX 190N INIX DY D'NIVX =
.01V v

D'77210 D'?'P'7Nn NIND = IN
.(011NV1 T D1IVND) DIVRN T2IN

= the number of protons in an atom
+ All atoms with the same atomic number have the same chemical
properties.
= atoms with the same atomic number but differing
numbers of neutrons
or = the total number of particles
contained in a nucleus, (protons plus neutrons).

Coval Computers

22un1 1120 7ayn D'RIPIN D'73aVN 210 Y D'
.NINDS

N120 NI'n'7 2''n 7aynn DNt 'Mynnw '

.22unn N0l NN'MS NKX 172N 7'09n 775 T
T 019 :NnaImd

The two types of circuits are called
open circuit and closed circuit.

In order for electric current to flow, the
circuit must be CLOSED!

A switch controls the opening and
closing of a circuit. Example: flashlight

Coval Computers

NNIT "IN N2 NIXR N 07N DN DINLVPRN
SI'N [YON DY [IVOY ,21'TI97

.D'P'77NN N9 7W D101 TNKY7 NNT 0T 77N

Electrons are suspended like
plums in a mixture of
positively charged pudding.

This model was rejected after
experimentation with
diffraction of particles.

Coval Computers

D1NVZ7RN 12 wTn 7T y'¥'n Niels Bohr ,1911 mawa
NN NiIR" owa 0'7ayna 500N 230 0l

.NMIX 7Y NI NIMNd 07710 DY DY72VN2d 0RNLVRIN

In 1911 Niels Bohr proposed
a model in which electrons
orbited the nucleus in
circular orbits called energy
shells.

Electrons in different orbits
contain different amounts of
energy.

Coval Computers




Bohr’s model - 2012 2w 71inn
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Superconductivity - NN’ NID*2IND

¢ Until recently, very low temperatures
were required, < 20° K

+ In 1987, discovery of superconductivity
in yttrium-barium-copper oxide at >100
° Kresulted in liquid nitrogen being
used as a coolant.

¢ Goal is a room temperature
superconductor.

Coval Computers

How do we get Electricity? m D"ﬂ..'ln 1'R

* Energy from one of the
sources is converted by 9273 NPT TANZ ;727N
machines at the power DT DOON ST By T3
plant to Electricity and
DD 93308 DRWTT NATN3
LD%209%77 TV 1997) DT

Electric Power Grid

Superconductivity - NN’ NID*2IN

¢ In certain materials as temperature is
lowered to a critical temperature, R = 00
i.e. zero resistance to current flow.

¢ Zero resistance means no IR heating
losses

¢ applications:
& transmission lines
¢ electrical energy storage
+ magnetic levitation

Coval Computers

‘YN NN RINKEA
Types; of: Soutices; used to, make: Electrigity

Se
ﬁoé-% Geothermal - man-ixna ©
;" AN

Thermal - man »

Wind - nn

22

then put onto the
gh etage

* Electric Power Grid
— Power Plants
— Transmission Lines
— Substations
— Power Lines
— Transformers

— Electrical Wiring and
Circuit Box

(*ovo a1on) 'Mwn N ‘N2 won

« Static Electricity

IR 1927 PWOW IMR?
V0 On 0700

1onwn Jwun SHya

Like charges attract

After rubbing both of
these items, they now
have a CHARGE!

Coval Computers - 24
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+ Static Electricity
7I°Y02 0713 2213y NYIN
Clouds move in...

{ Thunder travels 1 mile
In 4.5 seconds

The air gets
weaker and
Lightning travels |
At 186,000 miles per second heats e +
- g
The ground.... £

Coval Computers

nwn T % D2 N ' o

Salt Water Mix

. Paper clips —

Tap Water

Light Light
Battery Battery

Coval Computers 26|

llntroduction to Electric Circuits = QMYNZN 0*Payn’» X1an W

1RIBWIAT NN TR INDe
Here we are going to remind what are:

Current - 297
Current flow - 29777 nyune

Voltage - nnne
Voltage Sources - nn N1MPRe

TTIR-20 / 1NN TR
Voltmeter (Multi-meter)

Coval Computers 27

llntroduction to Electric Circuits = DMW9NN 0*Yayn X1an W

What is Voltage? - 77107 71T 17e

o'o72 TTM - "“mwnyn?" =V
V = “Electrical pressure” - measured in volts.

High Pressure Low Pressure ‘
" yn'?" "qma yn'?"

[ Coval Computers 28|

lIntroduction to Electric Circuits = DY NN 0*Yayn X1an w

llntroduction to Electric Circuits = DMWY NZN 0*Yayn X1an W

What is Voltage? - 77702 77 e

D'u712 TTM - "“mwn yn?" =V

V = “Electrical pressure” -
measured in volts.
(9 g

b

"n"'wonn n'ysY ron yn"

ATIPA TRNT W TaRWwHN D HYI97 onwn Davn K1 12%ne

A battery in an electrical circuit plays the same role as a
pump in a water system.

Coval Computers 29
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I Introduction to Electric Circuits - AMYNAKN QO*YAynY X1an z Sv

What Produces Voltage? - 71nn 7¥™n fne

V = “Electrical pressure” - "'onwm o'

D*TTIA DO
A few Volts
Nerve Cell DTMa DuUbN-"5n

A few millivolts when
‘activated by a synapse

31

I Introduction to Electric Circuits - D™YNAN 0*Yayn® X1an 2 Sv

What Produces Voltage? - ?1nn 7X»n ane
“More Samples” - '"NIBO1 MRAMT"
Parallel (Printer) Port - 2wnnaw noo7mn nxo¥e
Computer Power Supply - awnni 2w m> pooe

| Coval Computers 32

Ilntroduction to Electric Circuits - DMYNN 0*Yayn® X1an zswl

0°1yuna 12 SHRONIVIDT WD NROXA VT Y NYRAND [Nni NTTe
Dnwn nayn W OPRwn IPNa YW MIRNRaN TR 23w ovhawnn
Volts are measured by finding the potential difference
between the electrical charges on either side of an electrical
device or an elctrical device in an electrical system.

s SrEIEA
~ P +12.62
volts

Coval Computers 33

IIntroduction to Electric Circuits - DMYNPN D*Yayn® X1an N

TINDY PR MTAYA? 0D NNn PR .
.Snwnma o10°1 My vnwh
A Typical Voltage Source Voltage Sources

Lab Power Supply
© i

This supply goes up

010V The voltage is adjustable

via this knob

The red (+) and black (-)
terminals emulate the two
ends of a battery.

The white terminal is
connected to earth ground
via the third prong of the
power cord

Remember: A voltage is measured between two points
Coval Computers 35]

IIntroducﬁon to Electric Circuits = DMYNPN D*YAyn® X1an N

.(5nwn N27wn R) NN MAPR MY wwew? 0797 0110 ©
Symbols Used for Specific Voltage Sources

BE

NS
= ~
722 nnn | n
21 Battery poin Solar Cell
R 77970 Time-varying WA N
k7] source
Generator (power plant) ni> nann
Coval Computers 34|

Ilntroduction to Electric Circuits - D™SNZN 0'Yayn X1an ‘ a’

.Measuring Voltages - N2 D770 ©
STTIR 29 PWsR 2Y MTIPI N P nnn TRk
We can measure voltage between two points with a meter

*Set the meter to read
Voltage

« Connect the V of the
meter to power supply red

* Connect COM (common)
of the meter to power supply
black

* Read the Voltage

Coval Computers




IIntroduction to Electric Circuits - AMYNPN D*Yayn® X1an N

.Exercise - 2370 ¢
257975 OWsRa NPT T — v 3.2 -5 1D PHOI NROXS NN 2NIwn
The power supply is changed to 3.2 V.

‘What does the meter read?

?naIvnn an
What’s the answer?

MIvnn
Answer: -3.2V

Coval Computers

Ilntroduction to Electric Circuits - D"™SNZN 0*Yayn X1an ‘8’

.What is “Ground” - (7P777) TATX AT 77 © |

D'j7T21 D'NNNN 75w oIN' N7 non'nn "nnTn"
.I"7% onfa
“Ground” refers to the reference terminal to
which all other voltages are measured

O O o

| Coval Computers 38|

o' nTm
Point of Reference

IIntroduction to Electric Circuits - AMYNPN D*Yayn® X1an N

| 2173 TR (AP0 ,ARTR) O NTIRA AT PORT NI @
The earth is really just one big ground node.

Most people choose the earth  D'WIXRA 2N
as the reference ground whena nx n'nia
connection to it is available. NTIP ANTRA
AWUND ,oINn!
y¥a7 N1

.NT alIon 1I2'n

A ground connection to earth is often made
via the third prong of a power cord.

yxann anTx? 1a'n 5o 1173
TN Y v it T

Coval Computers

Introduction to Electric Circuits - AWYNPN D*Yayn® X1an

| .Voltage Relative to “Ground” — (77777) 72TR-2 N°0° 10N

The white terminal is connected to earth ground
Connect the black terminal to ground S

NN RN ANITRD AR
nnTX? n'on'
The red terminal is
positive with respect to
“ground”

IIntroducﬁon to Electric Circuits = DMYNPN D*YAyn® X1an N

.Connections to “Ground” — (7777) TATR-2 71277 * |

aNTXN In'o

Ground Symbol
anTX7? n'on' N

Positive relative to ground
v, {Cit) v, Ve

L

v,

Negative relative to ground - 'on' *'#"7¢ nnn

Coval Computers 40|

+ - 0 AN 22N
e J_ halhl/h)]
._-I_ - nnTRY?
Coval Computers Cond 41

Introduction to Electric Circuits = AWDNAYN 0*YAyvnY X1an

(7P7) ANTR-7 Noone NULW nnn .
.Negative Polarity Voltage Relative to “Ground”

The black terminal is
negative with respect to
ground.

Coval Computers — 42




Introduction to Electric Circuits = D"YNZN D*Yayn® m:’mﬂ

What is Current? — 2297 717 171e

TR BW NIRRT 2R (22191p) TR Jun Y nns 817 207

LTIIR SIR DWw T P2

Current is the amount of electric charge (coulombs) flowing past a
specific point in a conductor over an interval of one second.

. 1 ampere = 1 coulomb/second
L7123 DRIZIVID D 15D TN DRINIWID B 771N Y1 PUPUNRe
Electron flow is from a lower potential (voltage) to a higher
potential (voltage).
<—— wnan

e e e e

Coval Computers Wire v 43

Introduction to Electric Circuits = AWYNN D*YAvn manﬂ

(Ampers) pmonxa 7T - "‘mwun ot =A -
I"2% NNNA TN |2 1102 DT TN 12N T 7Y NYYANN DT DTN
D

Amps are measured by placing an ammeter in the flow of
current and measuring that current.

Q2
AN
—
“éo-)

Coval Computers

Introduction to Electric Circuits = D"YNZN D*Yayn® N'IZLN

What is Current?— 2297 717 171e

bW N¥9Ww NTIPA NPT NTIPIR DTS WM DINT NP0 MAD 2Py

Sonwn bavn

For historical reasons, current is conventionally thought to flow from
the positive to the negative potential in a circuit.

Electron flow

is from (-) to (+)
(flow of electrons) J
Conventional flow | ..®

is from (+) to (-)
(hole flow)

LN
‘&E;ecg_qgv -

2
1530 Seléric e Jay Wagor)

Coval Computers 45

Introduction to Electric Circuits = AMYNAPN D*Yayn® X1an N

Electrical Current — !212°0 - 5wt 27

Convention for Current Flow - 5»wni 291 nssr bw 27999

El n ntFlow () to(+]

Electron flow
is from (-) to (+)
(flow of electrons)

Conventional flow

is from (+) to (-) T
(hole flow)

Coval Computers 47

Introduction to Electric Circuits = DMYNN 0*YAyvnY X1an w

Electrical Current — 9%2Q77 297

Sign Convention for Current Flow - ®»wn:7 231 n2o7r bw a%vhs

* N7 n1'yu DINLF'IRY
Electrons carry negative charge

*qI9A 122 X' NAI'NA ANNITA
Positive current flow is in opposite direction

e o 0_.°®
®e“e 0 @ ©
<4— glectron motion

positive current direction =———p
Coval Computers 46|

Introduction to Electric Circuits - A™YNAKN QO*YAynY X1an l \'7

Electrical Current — 121290 - ®AR7 297
1990 $RMIT2) INR MPR TINA DOIVVR DR — DAWT 297

ﬂ/—bg

* Current is the
flow of charge
from a voltage
source.

* 1 Ampere
(HAmp”) -
Flow of 1
Coulomb/sec

Coval Computers - J 48|




Introduction to Electric Circuits - AMYNAKN QO*YaynY X1an

How does Current FLOW — 7129777 DYXaNnRAR TN
275°9m 197 3w PRWRT 2t

Current can only flow through conductors

Metal wires (conductors)

(L
+4+

.
4 Current
flow

Introduction to Electric Circuits - D™YNN D*Yayn® X1an

Coval Computers 49|

How does Current NOT Flow — Q97 77577 317 TR
2777IaR 717 92w XY PRWnT 297

Current can not flow through insulators

Plastic material (insulators)

[
+4++

No current
flow

Coval Computers 50]

I Introduction to Electric Circuits = AMWYNRPN D*Yayn® X1an z S;

How does Current NOT Flow — Q97 77577 N” TR
2°771a% 17 92 KD PR 297

Current can not flow through insulators

TTIAn NI VN AR
Note that Air is an Insulator

[ 1.4
+++
N
Al No current flow
ir
oy mpnnn X7 aY710n ,NNT? 2V
.27 DIYY? nainn XY
That’s why a battery doesn’t
discharge if left on its own.
Coval Computers 51

Introduction to Electric Circuits = DMW9NRN 0*9AyNnY X1an

What is Current? - 2017 nT Nn

™7 T 01 0NV RTR TWRD Tnwn Dvpe
Electricity flows when electrons travel through a conductor.
We call this flow “current.” - "Da7" nx 1 It nysInn®

* Only some materials have free electrons inside.

glass
: YES! Conductors: rubber
sllver e —— oil
copper e n'2'7n NO! asphalt
goIdA ) fiberglass
aluminium porcelain
iron Insulators: ceramic
steel DTN quartz
brass — (dry) cotton
bronze (dry) paper
mercuity - No free electrons = No current (dry) wood
graphite plastic
dity water DOT |'N ,D"'WOIN DANVPIR X7 5
EERER diamond
Coval Computers pure water 52

Introduction to Electric Circuits = A"YNPZN QO*Yayn® X1an

Introduction to Electric Circuits = DW9NRN 0*9AynY X1an

Electricity — 199370 - Dnawns
? Twnanaw 2v0AYRTa TR D22 23T TN

12 volts
1

Coval Computers 53

297 2% nnn P2 o
Relationship Between Voltage and Current

Direct relationship - 9% 9%

B73 SRR 297 IR 9T (0% IR) YHRIRIWIDT WIS ANe
As electrical potential difference (or voltage) increases, electrical
current increases.

LSTI° 2937 TN, 7Y NN ANe
.As voltage decreases, current decreases

LY122 DWW 29X NITAINT 2OPRT AWl
Resistance held constant .

[ Coval Computers 54/




Introduction to Electric Circuits = A"YNPN D*Yayn® X1an w

Resistors (Resistance) — (M731N7) @972

W~ S

LRI AT 2OWPOR DAY TIAIT = MTAINTe

Resistance = opposition to the flow of electrons through a material.
Defined with the following formula 7377927 3T 977

R=p 1/A=[Q]
.resistivity of material - "7 M =p *
Jength — i R =1+
.cross sectional area - I YW TN NOY = A *

Coval Computers
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Introduction to Electric Circuits = AMYNN 0*YAynY X1an

Resistors (Resistance) — (M72N7) @97A2

Can be rated by... - ...9D ¥ 797575 1001 ¢

Resistance (Ohms, £2) - m7ain; »
Tolerance (% of nominal value)- P17 X *

| Coval Computers 56|

Introduction to Electric Circuits = D™2NAKN O*®ayn X1an N

Color CODE — Q%vax57 1912

Introduction to Electric Circuits = D™SAKN 0*2yn® X1an w

QVaXT IDIR2 21O DT

H an: st . - =
Example: 4K7 or 4700 ochms (Carbon) Z“,':E:lzzg'a 1st band: orange - DIND>= 3 33 x 102
st 2nd 3rd 4th Sth th o REd=§ 2nd band Orange - DIND= 3 3300 Q
range = -
Treen= s 31 band: red - D1TX= 2 (i.e. 10%)
- = 3l
Gray = 8 4™ band: gold - 2nr= 5%
RGai=lon B B B
I Band 1: Yellow -
Band 2: Yiolet -
Band 3: Red - 0g
Band 1, first # Band 4, Gold, 5% Tolerance 4700 Ohms
Band 2, secnd #
Tolerance: Brown = 1%  Band 5 & 6 usually for 1%
LT BT IR AL [Bandd] o e ;‘::ttlln?:.“ctnyeﬁisc.iei:.“d ¢
Band 4, tol. in % et 0 3 10° 5%
| Coval Computers 57 Coval Computers (gold) 58]
Introduction to Electric Circuits = D™2NAPN O*Yayn® X1an N Introduction to Electric Circuits = D™SAKN O*2yn® X1an
20D 5 oy avwaxT 19X | TA17 P20 OB by NN
AT LT Resistors — Typical Power Ratings
118 watt
1/4 watt D
1stBand | 2nd Band | 3rdBand | 4th Band 112 watt { )
(1st figure) |(2nd figure) | {3rd figure) | (multiplier) |{tolerance)
Black 0 100 1 watt )
Brown 1 1 1 107
Red 2 H 2 102 2 watts )
[Yellow | 4 | 4 [ 4 [ 107 |
Graen 5 5 5 105 5 watts .=-=
Blue 6 6 108
Violet 7 [4 107 15 watts
White
Coval Computers Gold_| 59| Coval Computers 60|
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Introduction to Electric Circuits = A"YNPN D*Yayn® X1an N

Series Resistors - WA Q%TA1 257

DVTAINTT DIDOY TN NODIDT MITIINTT
The equivalent resistance is equal to the sum of the resistors.

R =R1+R2+R3

Coval Computers

Introduction to Electric Circuits = AMYNN 0*YAynY X1an N

Parallel Resistors - ’7’:77:: Q%721 N2

by 29910%77 DI20Y TN NYDIDT MTIINTT TIDNT

ST
The reciprocal of the equivalent resistance of a set of parallel resistors is equal to
the sum of the reciprocals of the resistances.

1I/R =1/R1 + 1/R2 + 1/R3

Coval Computers 62

Introduction to Electric Circuits = D™2NAKN O*®ayn X1an N

Introduction to Electric Circuits = D™SAKN 0*2yn® X1an N

Property of Resistance - 297337 N0 Property of Resistance - 2573377 n111an
Resistivities of some basic materials- 2°0°02 221217 9582 Y& M73I07 22°MRR DI 277 2D DR b
Why are some materials better conductors than others? -
Material Resistivity (ohm meters) Common Use Consider copper.
esilver 1.6x10-8 conductor e Ce
scopper 1.7x10-8 conductor electron
caluminum 2.8x10-8 conductor
«gold 2.5x10-8 conductor
«carbon 4.1x10-5 semiconductor
sgermanium 47x10-2 semiconductor valence
esilicon 6.4x102 semiconductor ghel
*paper 1x1010 insulator
*mica 5x1011 insulator NI B AIUN
glass 1x1012 fnsulator Copper Atom
«teflon 3x1012 insulator
Coval Computers 63 Coval Computers 64
|| DC: Ohms Law - pnIx pIn /gg || DC: Ohms Law - pnIx j71n /%E

OrdMS LAY
/N
3

DNIX PN

L YVERW
Coomn = (<]
oN'N AX ANPXRAY "TANY N
NN MT2ANM DO, NNNR "a
.0ONMINX 1IN0 "2Nn1AN
Georg Simon Ohm a German
Defined the law that Physicist,
dictates the relationship

between Voltage, Current and
Resistance.

i

[ Voltage

Saul Coval - 66 |
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|| DC: Ohms Law - paIx pIn

A\

12 DRIV OB N YN S nyian N tRNNR
DANOPYXRY DA T (=) 2 () mmpa nw
M T o IR v
Voltage: Electromotive Force, EMF, is a
Difference in Potential { or force } between two

points + & -. That causes electrons to move
or flow in a conductor.

Symbol: E :ino

Unit of measure: Volts or V: nTT1n mmm

EME: /s the electrical work done by a device per unit charge done to maintain
apotential. € =dW/dqg - Unitof | €] = Joule/ Coulomb = volit

)

Ohms Law - pniIx pin

ANM 9N NTMRINA DNVPOZX NYVIIN B

.22ynn S¥ AN narnn Nmpa
CURRENT: Is the MOVEMENT OF ELECTRONS From the most
Negative, to the most Positive point in the circuit.

Symbol: I :11'©
Measured in units of: - MTTA/D2 N MTN°
Amperes, {Amps} A

electron flow

DONWVPYRT N
Electron Flow

electron flow

|| DC: Ohms Law - pniIx pin /

Yayn Sy n"H"5zn nmpan M2 X0 DA 11D ,NNdon 'O by

aYnynn
Conventional current flow assumes positive charges move toward the
negative side of the circuit EMF.

positive charge
flow

copper Y7

wire i
§resistor
o Conventional Z:
EMF — Flow
g

nobvws aTIRIn
negative side

|| DC: Ohms Law - pniIx pin /

DAMNMLPYR BAUD TIAI MTAANN
DMUPHXRN NNEY NNPAN Taan
l i Resistance: Is the opposition to the flow of current.

+ Resistance controls the flow of current.
Vv Symbol: R 110N

Unit of Measure - n'l""l'n/n":.'lw‘nl? nmTn*
Ohms, Q [kaq]

The resistance of the resistor is a function
of temperature. When the resistor is
o ® submerged it is much colder than before

and the resistance drops, increasing the

current flows through it | Calculate
Saul Coval - 69 SaulCoval - 70}
|| DC: Ohms Law - pniIx pin / || DC: Ohms Law - pniIx pin /
71

TIDT OMIRY SHRIZIVIDT WADTY VW SN2 RIT 2AYR TIN2 2N 2
MTANTY

LTI 2P 1577 1R M0 W 730N T MTAINTe
.[ohm (Q)] 2R X7 MTAINT W 77777 DT

*The current flowing through a circuit is directly proportional to the

potential difference and inversely proportional to the resistance.
*Resistance is a property of the type and size of the material
through which the current is flowing. (Compare to R-value in
heat transfer)

*The unit of resistance is the ohm (£2)..

WY OTI2 RIT DAVR TIN2 2N 2T
DTN TIDT O SURIRIVIDT WD

g, vo_
E MA——  v(t)=Ri(t)
R
w Lt)’ = Vo +
MN——  v(t)= - Ri(t)
R

*The voltage across a resistor is directly proportional to
the current moving through the resistor.

12



|| DC: Ohms Law - paIx pIn /

TIDT DII2Y HRIRIVIDT WADT? WS DI RIT 9AYR TIN2 MM 2T

|| DC: Ohms Law - pniIx pin /

X DT ,NNNn S M0 55 05y Xisn 1Nt 0MxX pin T by
.O"NXN DNAN " MN9Y Yapay *Xana ,mMTaann

-M7MNT? With Ohms Law we Can find any unknown, of Voltage, Current, &
Resistance, Provided there are at least two known entities.
E v(t) J “®=Ri(9) NNDI2 AN 21 NN NNIKY .00 MTANN 12 2900 XN :hhn
o o R Voltage: Is a product of Current & Resistance.The
0 0 Mathematical expression to calculate Voltage is;
I ¥R i(t) IXR=E
Current total, Times, Resistance total = Voltage Applied
If: I, =4A, R;=3Q thenE, =12V
+Directly proportional means a straight line relationship. 4A X3 Q =12V
*The resistor is a model and will not produce a straight
line for all conditions of operation. I X [Voltage Drc
Saul Coval - 73| Saul Coval - 74|
|| DC: Ohms Law - pniIx pin / || DC: Ohms Law - pniIx pin

A5%p5 "arnn yan Sy nu'wa D'nneny 0'Ntn X
APnRNaY s 'O by 0Ty *Ynen Yayn 1N sH
We assume conventional current flow (positive charge
movement) although we know this is not the case.
Assuming conventional current flow does not change the
answer(s) to an electric circuit solution.

VOLTAGE DROP - nnn n%'92

As current flows, it enters a
resistor —, and leaves that

same resistor =+ in respect =

to the point of entry. ‘-B
This difference in potential —
felt across the resistor [s]

volt meter is called the Symbol: Egpy :772°0
VOLTAGE DROP [s] .

- e read Sl e own nnn Yen T 9%
(up scale reading) Or Each resistor will have its own

As current flows, the voltage dg)t?eﬁ;jd would be

black lead resistor develops a f
E=V=+IR VOLTAGE DROP. Eri, Eras Egs, Ep-..
| Calculate ER
Saul Coval - 75| Saul Coval - 76|
|| DC: Ohms Law - pniIx pin / || DC: Ohms Law - pniIx pin /

Ey+ Epy 4 Epy = 12v

The sum of the individual voltage
drops of the resistors = E,.

Kirchhoff’s Law for Voltage |:

Saul Coval - 78 |
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DC: Ohms Law - paIx pIn /

NNNRN NY'01 21PN

Ery+ Epy 4 Epy = 12

1EE*X2EE3= 2v
On the Calculator:

|| DC: Ohms Law - pniIx pin /

2v

|

Eri+ Epp s By = 12v

ImAx2

Note:

The Largest Resistor drops
the most voltage & the
Smallest Resistor the least.

ot =3 = (301
Saul Coval - 79| Saul Coval - 80}
|| DC: Ohms Law - pniIx pin / || DC: Ohms Law - pniIx pin /

l Solve for Voltage in following. [NO Rounding] NnNNnN NX agnb e I

Calculating for Current; E+ R = I
1. 2mA  10KQ -
2. 100mA .5KQ -
3. 10mA  10KQ .
4. 3mA  30KQ .
5. 5A 25Q - I
6. 100mA  2.5KQ _ . — ?A R, 3Q
7. 2mA  100KQ _ - —_ 2
8. S0mA  30KQ Ejl2v _’ A R
9. 2mA  15KQ 2EESX15EES=2 | A Raatio
10.2mA  25KQ +50KQ +25KQ
= | Answer:
Saul Coval - 811 Saul Coval - 82
|| DC: Ohms Law - pniIx pin 4%1 || DC: Ohms Law - pniIx pin /
L

L 4 AER I
= 2.4A R,$5Q
Ea[12v — R 60

RELATIONSHIP:
Resistance; R; or R, Inverse or
opposite
Current; Ir‘ Relation

As Resistance Increases,
Current decreased, Voltage
held constant.

Saul Coval - 83|

Voltage Applied; E,\f
Current Total; I, T

Direct Relationship

14



I —TTETEETT—
71 R\

Resistance controls the flow of current.

Symbol:

1. Fixed Value:

2. Variable:

DC: Ohms Law - paIx pin f/\i
.

Calculating For Resistance; E + I = R
»
9l |

o

Bc. Ohms Law oo /A
71 R\

<

DG onmaLaw-aman /8

<ZI R\

-
ryn

R, +R, +R, =
EA:R,=
I; xR, =
I; xR, =

15



|| DC: Ohms Law - paIx pIn /ﬁﬂ

| JOB 4: Solve for required values in following. [NO Rounding] |

[ 100K Q
2. 5mA 75K Q
3. 20A -

4. 50mA 8K Q

5. 3mA .
5 60K Q
7. 4mA .
8. 7mA 910K Q
BRD'5mA
0, - 800K Q

If there is KQ
ill be in mA

Physics 2220

Chapter 28 Direct Current Circuits
1" Lecture:

The pofential drops across a resistor in thee
direction of the current flow. AV =- IR

The potential across an emf source is € in thee
direction of current flow.

In a circuit the charge and current in thee
capacitor are

a(t) = Q(1~ e -7

I(t) = -(Q/RC) e -7~

Physics 2220

Chapter 28 Direct Current Circuits

Resistors in Circuits

AV=-IR
E-IR-Ir=0
/=& /(R#r)
P=/E =/2R+?r

Jeg * 12R=E2[ 1/(R+r) -r/(R+r) 2]

|| DC: Ohms Law - pniIx pin /%E

Lesson Test:

Standard: 10 Questions W/in 20 Minutes.
70% Minimum Accuracy.
80% for EOD.

Reference:  Official OMEMS Training Aids.

M = X108 EE 6
K = X103 EE 3
Whole Unit = X 100

m = X103 @3
p = X106 @6

Physics 2220

Chapter 28 Direct Current Circuits

Resistors in Circuits

Physics 2220

Chapter 28 Direct Current Circuits

Maximum Power delivered by Battery:
12R = E2[ 1/(R+1)-r/(R+r)]
(P R)/dr = E2[ -/(R+r)?*2r/(R+r)°] =0
-(R+r) +2r=0

r = R for maximum power delivered

(I R),pox = €2 1/2R-RI(2R) 2] = 3/4 ER

16



Physics 2220

Chapter 28 Direct Current Circuits

Resistors in Circuits

Series
Resistors

Physics 2220

Chapter 28 Direct Current Circuits

Resistors in Circuits

Parallel
Resistors

Physics 2220

Chapter 28 Direct Current Circuits

Practice and Application.

What is the resistance of the following circuit if

all resistors are 1007

ye; 700
+7092 19

For series resistors

Physics 2220

Chapter 28 Direct Current Circuits

Resistors in Circuits
E=IR, +IR, +IR, =/R,,

Reg= R, + Ry, + R

Series
Resistors

Physics 2220

Chapter 28 Direct Current Circuits

Resistors in Circuits
E/Req= ER,+E/R, +E /R,

1R..= /R, + /R, + 1/R,

Paralle/
Resistors

Physics 2220

Chapter 28 Direct Current Circuits

Practice and Application:

What is the resistance of the following circuit if

all resistors are 1007

For series resistors

Req =100+ 100 =200 R, =10Q+10Q +10Q =30Q
Then for Parallel Resistors

Then Parallel Resistors
Ry =(1/100Q + 1/10Q + 1720 0] [40] R, = 11300 + y100]E750]




Kirchhoff's Rules:

Junction Rule:
Shp=Ehy [ ]

Loop Rule:

o av=0 [ ]

Kirchhoffs Rules:
Junction Rule—

Kirchhoff's Rules:
Loop Rule—
21000 AV=0

R, -IR,

+ -+
+
&

Practice and Application:

What are the currents and potentials in the
following circuit?

R

W—iy

£ _
7 _]:2

Practice and. é4pp//oat/0n.'

=

' ;€
&, m < Loop 1
c = €,~(I-A) R, - QC=0

Loop2:  -(l-1)R;-1,R,—€,=0
Solve for [, and /.
L=(€,-&,-QLC)R,
I, =(€,- QCNTIR, +1/R,)-E,/R>

RC Circuit
Consider the following circuit:

R

1 i +IVV\—
; ;@




R
e= W ¢g_gC-R=0
ct |

&€ — g/C —Rdg/dt= 0

/= dg/dt = (€ —q/C )R
Letlg = Q(7- eRC), with Q =€ C

Then | = dg/df = (/RC) e /5= &/R e VRC
/=E/R e RC =E/R—E/R(T- e VRC v

-g/C ~IR=0
-g/C -Rdg/dt= 0
/= dg/dt = -g/RC

Letqg =Q, e R
Then | = dg/dt = - (Q, /RC) e /3¢ = (q/RC)»"

R
&= WVlg=Q7-eRC) with Q=€ C
C_T_ /= E/R e RC

Summary:

The equivalent resistance of a series of
resistors is equal to the sum of the resistors.

The reciprocal of the equivalent resistance
of a set of parallel resistors is equal fo the
sum of the reciprocals of the resistances.

Kirchhoff's rules are.
The sum of all currents into and out of a (1

Junction is zero.

The sum all potentials around a loop is (2
e10:

Reference Direction

Consider any two-terminal lumped element with
terminals A and B as shown in Figure 1. It may be a
resistor, inductor or diode. To suggest this generally ,
we refer to the two-terminal element as a branch.

Summary:

The pofential drops across a resistor in the

direction of the current flow. AV =- IR The reference direction for the voltage is indicated by

the plus and minus symbols located near terminals A
and B. The reference direction for current is indicated
by the arrow.

The potential across an emf source is € in the
direction of current flow.
B Given the reference direction for the voltage shown in Fig.
by convention the branch voltage v is positive at time t ( that

is, v(t)>0) whenever the electrical potential of A at time t is
larger than the electrical potential of B at time t.

V(1) =V, () - Vg (1) (1.1)

Associated reference direction

In a circuit the charge and current in the
capacitor are

a(t) = Q(1~ e~v%)

I(t) = -(Q/RC) e - 7R

114




The current variable i is defined as positive
into the (+) terminal of the element

“Passive” sign convention
- If the physical current is positive
P= Power flows into the element)

The current variable i is defined as positive
into the (+) terminal of the element

_ Here the physical current is negative
_ Power flows out of the source

115

Lumped circuits

i Lumped circuits are obtained by connecting lumped elements
Typical lumped elements are

eresistors,
ecapacitors,
einductors and
stransformers

The key properties associated with lumped elements is their small size
(compared to the wavelength corresponding to their normal frequency

of operation).
From the more general electromagnetic field point of view, lumped

elements are point singularities; that is they have negligible physical
dimensions.

116

An interconnected set of electrical »
components is called a network.

Each component of a network is called
an element.

Elements are connected by wires.

T
e

117

Nodes and Branches

* The interconnections between wires are
called nodes.

» The wire paths between nodes are called
branches.

branches

it san s

118

Nodes Connected by Wires Only

» Two or more nodes connected just by
“wires can be considered as one single node.

single node One big node
—r
- J
~N
One big node

This network as three nodes

119

« Current can flow through the branches of a network.

* The direction of current flow is indicated by an arrow.

*Note: The voltage sources in the network drive the flow
of current through its branches. (More on this idea later.)

120
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« The direction is defined by the person drawing the network.

« The value is determined by the properties of the circuit.

| I |

Example:

The arrow above defines “positive” current flow i; as downward in branch A.
Suppose that 4 mA of current flows physically downward in branch A. Then i; =4 mA.

Converse:
Suppose that 4 mA of current flows physically upward in branch A. Then i; = —4 mA.
121

Kirchhoff’s Current Law

» The sum of currents flowing into a node
must be balanced by the sum of currents
flowing out of the node.

nods

i i .

2 2 Gustav Kirchoff
was an 18th
century German
mathematician

i, flows into the node

i, flows out of the node /

15 flows out of the node

>i=0

(1.2)
122

Kirchhoff’s Current Law:
i\=iy

* This equation can also be written in the following form:

iy—ip—iy =0

[ node

A formal statement of Kirchhoff’s Current Law:

The sum of all the currents entering a node is zero. ‘

(i and iy leave the node, hence currents —i, and —i; enter the node.l)BJ

Example 1: Kirchhoff’'s Current Law:

How much is the current | ?

A i;=25mA+4mA=65mA

* Note that a “node” need not be a discrete point

« The dotted circle is a node with 2.5 mA entering
* Hence i, = 2.5 mA exits the “node”.

Similarly, I3 =4 mA.
e FromKCL, iy =i, +i3=6.5mA, and |, =,

124

Example 2: Kirchhoff's Current Law:
How much are the currents iy and i, ?

ipb=10 A -3 mA=7mA
iy =10 mA +4 mA =14 mA

10mA
| — ~_~node
B s pne B s e )
iy 4 mA 3mA I

4mA+3mA+7mA=14mA

125

Sometimes Kirchhoff’'s Current Law is
abbreviated just by

KCL

Review: Different ways to state KCL:

¥ The sum of all currents entering a node must be zero.
v The net current entering a node must be zero.

v Whatever flows into a node must come out.

more to follow... 126
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A network is an interconnection of elements via nodes and branches

There are many kinds of networks:

Elements Network Connection Paths
*Electrical components Circuit Wires
«Computers Internet Fiber Optics
+Organs g;rgt‘g::c’ry Blood Vessels

Kirchoff's Current Law applies to all these kinds of networks!

127

Kirchhoff’'s Current Law applies to all types of networks

Fiber optic network (/ is light intensity)

“KCL” for light:

L=5L+* I,

I

128

Kirchhoff's Current Law applies to all types of networks

Human Blood Vessels (fis blood flow rate)

“KCL” for blood flow:

fi=fh+ f;

129

Voltage

s are measured across the branches of a network,
from one node to another.

* The direction of a voltage is indicated by + and — signs.

1
L 1
v, —
+ + +
v, V3 vy

* Remember: The voltage sources in the network drive
the flow of current through the branches.

130

Every Voltage has a Value and a Polarity

* The polarity is defined by the person drawing the network.

« The value is determined by the properties of the circuit.

Example:

N e

The plus and minus signs above define the polarity of V5 as “positive” from node 1 to node 2.
Suppose that +5 V appears physically from node 1 to node 2. Then V3=5V.
Converse:

Suppose that +5 V appears physically from node 2 to node 1. Then V;=-5V.
131

The voltage measured between any two nodes
does not depend of the path taken.

voltage

|

L b

+ v, = voltage
+ + +
" voltage v v,

Example of KVL: v=v, tvs
Similarly: vi=v, tyy
and: V3=V,

132
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Kirchhoff’s Voltage Law:
vi=v, ty (1.3)

can also be written in the following form:

“vtv,+tr=0

o |
| S|
+ v, -
+ + +
Vil Y3 Y4
[

A formal statement of Kirchhoff’s Voltage Law:

The sum of voltages around a closed loop is zero.

133

Definition of KVL

rrow direction around a closed loop.

» Sum the voltages as the are encountered in going around the loop.

« If the arrow first encounters a plus sign, enter that voltage with a
(+) into the KVL equation.

« If the arrow first encounters a minus sign, enter that voltage with a
(—) into the KVL equation.

For the arrow shown above:

—-Vy+ Vv, +v; =0
“V4—V,t v, =0 134

For the outer arrow:

Example 1: Kirchhoff’s Voltage Law:

Q: How much is the voltage V,?

V,=31V+68V

|
| S
+3.1V-
+ +
v 6.8V Vv,

Q:

How much is the voltage v, ?

>

v,=6.8V

135

Example 2: Kirchhoff’s Voltage Law:

Q: Ifv,=10Vandvy; =2V, whatarev,,v,, and v,?

A: »=10V
vy =10V-2V=8V
v,=2V
+V;
| I
+ + + +
vi=10V v, v, V=2V

136

Wavelength and Dimension of the Circuit

" What happens when the dimensions of a circuit become comparable
to or even larger than the wavelength associated with the highest
frequencies of interest?

Let d be the largest dimension of the circuit, ¢ the velocity of
propagation of electromagnetic waves, A the wavelength of the
highest frequency of interest, and f the frequency. The condition

states that

dis of the order of a larger than 4 (1.4)

Now 7 =d/c Is the time required for electromagnetic waves to
propagate from one end of the circuit to the other. Since fA=c,
A/c=1/f =T where Tis the period of the highest frequency of interest

7 is of the order of a larger than T (1.5)

137

Thus, recalling the remarks concerning the applicability of KCL and
KVL at high frequencies, we may say that KCL and KVL hold for any
lumped circuit as long as the propagation time of electromagnetic
waves through the medium surrounding the circuit is negligible small
“compared with the period of the highest frequency of interest.

Example

Let us consider a dipole antenna of an FM broadcast receiver and the
300 Q transmission line that connects it to the receiver.

The transmission line consists
of two parallel copper wires
that are held at a constant
distance from one another by
simple insulating plastic.

The transmission line is infinitely long to the right.

138
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1. Kirchhoff’s laws and the lumped-element model of a circuit are
valid provided that the largest physical dimension of a circuit is
small compared with the wavelength corresponding to the highest
frequency under consideration

2. KCL states that for any lumped electric circuit, for any of its
nodes, and at any time, the algebraic sum of all the branch
currents leaving the node is zero

3. KVL states that for any lumped electric circuit, for any of its loops,
and at any time, the algebraic sum of all the branch voltages
around the loop is zero Zvi =0

loop

4. Kirchhoff’s laws are linear constraints on the branch voltages and
branch currents. Furthermore, they are independent of the

nature of the elements i3

Ohm’s Law

“Current (I) is proportional to Voltage (V)
and inversely proportional to Resistance (R)”

=Y voIxR R=Y
R |

141

R R AR RN NN RN RN N RO

Ohm’s
Formulas

P = Power

o

Power

1= Current

v = Voltage

R = Resistance @

Reproduced by permission of Tony van Roon, 2002 http://www.uoguelph.ca/~antoon 449
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Kirchhoff’

i

s Voltage Law

Used in series circuits &

“The sum of the voltage drops equals %
the applied voltage”, or...

“The sum of the voltage drops around a %
closed loop equals zero”

% AAAY
6V 4V

*
v ———
!

143

i Three Main Invisible Quantities

Voltage, V, Volts =
Provides the “push”
Current, I, Amperes (Amps) =
Flow of Electrons =

Amount of Current is dependent on =
Voltage and Resistance

Resistance, R, Ohms (é) =
Limits the amount of current =

144
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i Kirchhoff’'s Law’s

Kirchhoff’s Voltage Law =

“The sum of the voltage drops equals the =
applied voltage”, or...

“The sum of the voltage drops around a =
closed loop equals zero”

Used in series circuits =
Kirchhoff's Current Law =

“The current entering a junction must =
equal the current leaving the junction”

Use in parallel circuits. =

145

Series Circuits

One current path, therefore the current =
is the same everywhere

L NN M
= Total resistance is the sum of the

individual resistances
Rr=Ri+R2+...

146

Parallel Circuits

More than one current path =

(|
|
AN
AN

= Total current is the sum of the
individual currents

Ir=li+12+...

147

i Parallel Circuits (2)

]

R =17
—F—+—+...
Ri R Rs

_ Rlx RZ

1+ N2

(if 2 only)

= B(if the same value
n

148

Measures of Electricity

Table 4-1  Measures of electricity (continued)

Ohms Abbreviated with the Current can flow in typical computer cables
(measures symbol Q (for example, and wires with a resistance of near zero Q.
resistance) 20 Q). Devices are rated
according to how much
resistance to electrical current
they offer. The ohm rating

of a resistor or other electrical
device is often written
somewhere on the device.
The resistance of a device

is measured when the

device is not connected to

an electrical system

Watts Abbreviated W (for A computer power supply is rated at 200 to
(measures example, 20 W). Watts are 600 W.
power) calculated by multiplying

volts by amps.

ocee
[ 1]

Relationships Among Voltage,
Current, and Resistance

Voltage and current have a direct e
relationship
When voltage increases, current increases o
Resistance has an inverse relationship e
with voltage and current

As resistance increases, either current or voltage o
decreases

As resistance decreases, either current or voltage o
increases (Ohm’s Law)

continued... 15
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