Session A:

Elementary Electricity and
Magnetism:

Presented by
Vu3YOC
Prem Jeevan

@)



Topics:

1. Elementary theory of electricity- Passive Devices (Resistors; Inductors, Transformers,
Capacitors) and Active Devices (Diodes; Transistors).

2. Kirchoff’s current and voltage laws- Simple applications of the law.

3. Conductors and Insulators — Properties; units of circuit elements, Ohm’s Law.

4. Conductance — Definition of self and mutual inductance;

5. Power and energy- Definition, Units and simple applications.

6. Permanent magnets and electromagnets — Definition, properties and their use.
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Elementary theory of electricity

Electricity deals with flow of charge (free flowing electrons)

Most people give credit to Benjamin Franklin for NI P r—
discovering electricity (electric fluid). € \ @ "’ . TR SN TR G
Some of the electrical terms which Franklin coined ﬁ ﬂ /N y "@ﬁ AL fyf’
during his experiments include: . il o i @
battery, charge, condensor, conductor, plus,
minus, positively, negatively,

1. Static electricity: - electrons doesn’t flow through insulator, instead they form an electron cloud.
2. Dynamic (Current) electricity:- constant flow of electrons is possible in conductor

a. Direct current (DC)

b. Alternating current (AC)
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Electromagnetism

1. Flowing electrons produce a magnetic field
2. Spinning magnets cause an electric current to flow.
Electromagnetism is the interaction of these two important forces.




Devices used to control the flow of electrons and magnatism

1. Passive Devices

Resistors

Capacitors 2. Active Devices

Inductors Diodes 3. Electro mechanical
Transformers Transistors Piezoelectric crystal
Antennas Integrated Circuits Switches

Circuit breaker
4. Electro magnetic
Relays
Solenoid
Electric bell
Loudspeaker




Resistor Resistive
Types element
Carbon Slug of carbon
composition

Carbon film  Thin layer of
carbon film

Metal film film of
metal/alloy/oxid
e

Wirewound wire wound a
insulating core

Resistors
* Resistors are used to resist the flow of electricity

Resistance
range

2.7Q to 22M Q

1Q to 100M Q

0.0025 Q to
500G Q

0.1Q to 200KQ

Tolerance

+5%, +10%,
+20%

+1%, +2%,
+5%

+0.05 to 5%

General &
precision

Use

ability to withstand high energy pulses.
Used in high freq ckt and it has low
temperature coefficient

in high voltage and temperature
applications

in circuits where tight tolerance, low
temperature coefficient and low noise
properties are important

Higher order of stability and reliability.
Not suitable for high freq ckts
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WAL MESISTONgUIQE. Com

n Signficant figures Muttiphy Tolerance Temp. Cooff. Fail Rate |
(%) {ppmiK) %)
Resistors Cont o
H B B B B
Bec 1 1 1 % 10 1(F) 100 (5) 1
Rt 2 2 2 % 100 2 (G) 50 (R) 0.1
Fe=zi=ztors in =serie=s. just add them up. sl 3 2 3 % 1K 15 (P il
You 4 4 4 x 10K 25 (Q) 0.001
Gu 5 5 5 x 100K 0.5 (D) 20 [(2)
Fl1 EZ2 ER3 B But B 3 [ x 1M 0.25(C)| 10(2)
Eg=R1+R2+k3 Vo 7 1 7 | % 10M 0.1(B) | 5(M)
Goe B B 8 x 100M 0.05 [A) 1K)
Wy 9 g 9 ®* 16
Fezi=ztors in parallel. Get ahdigie| x 0.1 5())
Son il =x0.m 10 (K)
Mo bans 20 (M}

o Bo= 1

El% EE% %Rg P 1,1 1 \ '/ /
. Rl RZ  R3 e

& band —(- 3.21kQ 1% 50ppm/K

Examnple T

R? RA
5 band —( 5210 1%
R=R1+ 1
m 1, L
w R2+R3 T R4 4 band 82k 5%
— Ij—sauﬂ 20%

-
gap between band 3 and 4
indicates reading direction

3 band
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CapnCitor

Capatitor, Wasiakde
polarised Capacitor

Capacitors

* Capacitors are used to store energy in the form of electric field.
* Capacitor usually opposes the change in voltage

Trimenee
Capacitor

B
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Types of Capacitor

Preferred Applications

Not Suitable For

Paper Capacitors

Motor Starting

Mica Capacitors

RF Circuits, High
Frequency Filters

Polycarbonate (PC) Film

Replaced by PP

Types of Capacitor Preferred Applications | Not Suitable For
Foil Capacitors Size Constraint -
Applications
Glass Capacitors Military Grade -
Applications
Class-1 Ceramic High Frequency -
Capacitors Applications
Class-2 Ceramic Coupling, Decoupling Precision
Capacitors and Bypass Applications
Aluminium Electrolyte Power Supply Filters, Coupling,
Audio Circuits Decoupling,
Attenuation
Tantalum Electrolyte Military Audio and DC Coupling,
Circuits Decoupling,
Attenuation
Niobium Electrolyte High Capacitance DC Coupling,
Applications Decoupling,
Attenuation

Variable Capacitors

Audio and RF Tuning
Circuits, Variable
capacitance in electrical
devices

Capacitors Capacitors
Polyester (PET) Film DC, Low Power, Low -
Capacitors Frequency AC
Applications
Polypropylene (PP) Film DC and AC Power -
Capacitors Applications
Polystyrene (PS) Film Replaced by PET -
Capacitors Capacitors
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Capacitor Cont.

Capacitors in series.

1

[
e L L

1
C:
=11

c1' ez

1
C3

Capacitors in parallel . just add them

Cp=C1+C2+C3

Reading Capacitor Values

Coaramic b oyl

H e M VOOgE -
104 - B —= Copocionce )
v .1 -

i B Tokirars @ ;:
1010 ==
= 100,000 pF D
=, 1 uF E
Symbal Syminol G
[Mon-Poloripad) [Podorizad] P
Capacitance Conversion Values _
Microfarads (pF) Manofarads [(nF) Picofarads [pF) = ©od®
0000001 yF  += D001NF  -= 1pF -
000001 yF == 0.01n0F = 10 pF o
0,0001 pF == 0,1nF = 100 pF F
0,001 pF — . 1,000 pF o
001 pF == 10 Al = 10,000 pF H
0.1 yF w0 AF - 100,000 pF J
1 F == 7 000 nF - 1,000,000 pF K
10 wF == 10,000 nF == 10,000,000 pF M
1040 wF == 00,000 AF = 100,000, () pF Z

Metalised Polyester Capacitor

- " — f.lﬂl
E - )
D T To
) W =k age
10aF, 20% 47nF, 10%
100 2500
Disc & Ceramic Capacitor
Thicker Band
W
J/"_*\.__.—ﬁ.__}ﬁ\
B
"

Colour Bands
And Tolerance

Srmall Disc Lasgi Disc
Capacior Capacior

Color Code Table

Digit

ultiplier
[ &]

Tolerance
T = 10pl

Tolarance
T} < 10pl

Temperatire
Coalfficiant

{TC)

Voltage Color Codes

Eard ]

Voltage Rating (V]

Colour

Type |

Type K
100
200

Type L

Type M

Type N

Wirnlit
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Capacitor Cont... . Capacitance (C)
e The capacitance of a capacitor is defined as
=4 el | the charge stored per unit potential diference
T 1o0ur V! sl c=gQ
Now we will calculate the voltage distribution to 10V + v
the capacitors 10uF and 22uF Ve 4
which are given in the above figure which have N unit of capacitance: farad (F)
10V supply voltage with40HZ frequency. — 22uF V&2
4 also: @Q=CV and V=0Q/C
Reactance of 10uF capacitor, XC1 = 1/2ntfC1 = 1/(2*3.142*40*10*10-6) = 400Q
; — — — Electric Field i i
Reactance _o_f 22uUF capacitor, X_CZ = _1/2nfC2 = 1/(2*3.142*40*22*10-6) = 180Q B mmﬂ’ﬂm‘p P Zﬂﬁ;‘ 5::;13?::
Total capacitive reactance of a circuit is, XC = XC1 + XC2 = 400Q + 180Q = 580Q d
oy 0
E=—=->%, AV=Ed=>*
CT = C1C2/(C1+C2) = (10*22*10-12)/(32*10-6) = 6.88uF Bk A B, A

XCT = 1/2nfCT = 1/(2*3.142*40*6.88*10-6) = 580Q
The current in the circuit is, 1 = V/XC = 10V/580Q = 17.2mA

Now, the voltage drop across each capacitor is,
VC1 = I*XC1 = 17.2mA*400Q = 6.9V
VC2 = I*XC2 =17.2mA*180Q = 3.1V

If the frequency is either 40HZ or 40KHZ, the voltage drops across capacitors will remain
the same. The current flowing through the circuit changes depending on the frequency.
The current will increases with increasing the frequency, it is 17.2mA for 40HZ frequency
but it is 1.72A for the frequency 4KHZ.

Q0 gA
AV Qdle A d

Capacitance depends on the Area of the plates
and the distance between the plates




Inductors

* Inductors are used to store energy in the form of Magnetic field.
* Inductor usually opposes the change in Current

Schematic symbols: High frequency

[~ applications

l Y Y Y I Fixed | General circuit
Fixed L= m\ 0 - applications

| Decoupling circuit

{ Circuit diagram symibol applications

T
i

-]
Variable o o

| Power supply
circuit applications

|

Air core LY = Variable inductors High frequency
L circuits etc.

Iron core o W o { Circuit diadgprarm Symibol ¥

-
A

Fermte core o—§i——
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Five Band Military Standard Inductor Colour Code

— W
Inductor Cont..... it el

=

Band | 3 5
Inductors in series, just add them up. Four Band Standard EIA Colour Code For Inductors. Meaning | wui soec | Digiter | Digiter . hraman %
| S0 Mobes) - P | Bge. point | Dec. point Lot
L1 Lz L3 Lg=L1+L2+L3 oA =
AR =
Red Viclet Brown Black
Labya
Inductors in parallel i e i B ]
) ' Black
Band 1 : | 3 | F S
Measning | 1™ Digit | 2™ Digit | Multiplier (Mo, of zeros) | Tolsranos %
Gold +I5% Red
S a
sack [ i
govr (I Yelow +l-4
o = :
Crange 3 3 w1000 ) Green
Yisliowy 4 4 OO (10, x0T} Bie
Gewan | 5 | Wil
Foe I G Grey
Wizl T T ilhie
crey  [INENENEEEN
Vihibe ] E]
Motes:
Mizbe: If re Band 4 i3 csed, ilemnce & ale =-20% The military standard for cylindncal mductors specifies 5 coloured bands
For values less than 10uH: The same colours are used as in the EIA 4 band cede, bul

Bands 2. 3 and 4 indicale the value of inductance in uH For band 1, a double width sliver band is used to signify Military Standard

A gold band might be used in either band 2 of band 3

In either of these twao bands, gobd indicates a decimal poand .

and band 4 is used as a digi instead of a multipier band

¥When no gold band is present in bands 2 or 3, band 4 is a mullipier band

For axample:
If bands 2.3 and 4 are red, gobd, red the valoe would be 2.2 uH
If bands 2.3 and 4 are gold, yellone, viglet the value would be 047 pH (470nH)

Hand 5 indicates the olerance batween 1% and 20% (( ))
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Inductor Cont..... X

'
— Ir ¥
= f ____J
Power inductor —
Switch ON
C.IJmt...... e ———————— e £ ....-.
Vin + i - W—.—G + Vou 5 : . : & | Where,
. [ When the switching element iz ON, the =
T lg_ Switch OFF power inductor accumulates energy, and L= Inductance of coll in Henrys
T when it turns OFF the energy is N = Number of tumns in wire coil (straight wire = 1)
(power r €4C.) A |Commutation ~—— Output discharged and the current is transmitted. il _ i
Control IC digde —— capacitor The voltage can be decreased to the p = Permeability of core material (absolute, not relative)
|"‘ required value by setting the duty ratio = : e ks
_ e (ratio of ON time to switching cycle). M, = Relative permeability. dimensionless ( p, = 1 for air)
-0 1 e Mo = 1.26x10°° T-m/At permeability of free space

Vout = Vin = Duty

A = Area of coll in square meters = or®

| = Average length of coil in meters

exercise
| ! 10 mm | AT (ped L i o Tor
_'L ! | inductance of the coild
d =4 mntT i
| . Npd
{. = |

[ furns

Find the inductance of the air-core coil

B= gt = (1) = po
xd® (=N % 1077 m)

; 257 % 107 m*
1 2 r 12.5 10" m
B Npd (100 0°@x % 1077 WhAm)(12.57 X 107 m’)
= !/ 1 m
L= 1.58 pH
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Inductor Cont.....

Function of inductors Comparison of Components

resistor capacitor inductor
Molse |s eliminated,
Colls can control slgnals n:nfrfl.,rstﬁq d::;fr:u slgnals are allowed 1o pass. bol 3
Function of cols depands on skgnal frequencles. Inductons can be used In combination with capacitors, which SYmoo R { L
This b bacause tha highaer the Trequancy, Pass® complement the function of I;rdurtun,tafﬂmv: filtars that an 0 m
thi leds eandly the signal fiows, :_;::Eh“ﬂ:“l Hpil'mmll'tﬂﬂl'lﬂ signats I'l.‘.ml.l-l'l'd'ith. ad gnas, . equaﬁnn r.ﬁ = J'E.R . ={.._r f_ ¥, =L i,
Wmm * Low-pass filter High-pass filter L i flr
= "Braking™ &5 EE _l l-
Thevalagn ofthe camng : s y
TR W - =1 _ =l =1 f
é gl seres Re=R+R|CF =0+ | L=+ L,
-
: parallel  |R'=R'+R'| C,=C,+C, | G =L+ L]
= L =
da
w HSignaI StDFI FIEdF L -pnin filern ey
T 'hﬂlm ot dealer low freq R apren circiit | short circit
Pty (Ropid tha dgrall. TR flt:"l-ll-lqtl.lﬂ'f' 3
! i Iugh ﬁ“eq R short circuit | open circuit

Voltage |5 stablllzed,

rogpulating oofverters ane STaIlIzed when used In combBination
with Inductors That can SDore Magnelic ndrgy,
capaciton that cn o6 oo enengy, a wtch.

OC-DC comerter (voltage step-down type)

Codls can stofe eleanical anergy In J fonm of
propaty that an elediric curent Thewdng th
magnatic e, which in turn produces an sectric cufrent. In olher

wonds, Ols OFfer a means of Stoeing &nangy on Thi badk of Indudidty

ol EnagY Using thi
a coll preduces a

Weariching toenir ol Lo

(Faatiied e Pt ic T, i Fotirg & e ! S B cartpart weltags B change
H T H i e & e O mﬂmﬂmumu [t prinviphe of
Basic principle of choke-coils e OFF ata high peed [ the Ere .

.W-

b gyt 1 thecod becuse :.ng:n’g:f:mmm
e Sarges in stscwic carrere aered The R
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Transformer

* Transfers electrical energy from one circuit to another through the process of electromagnetic induction.
* Itis most commonly used to increase ('step up') or decrease (‘'step down') voltage levels between circuits

F.IE.I.I !.I / Transformer Core : Secgnﬁﬂ.!z Magnetic
Voltage =V, = Voltage =V,  IF N, 15 more than M, , we have — == prirmary cj‘ﬂ secondary |y,
‘P_]' _a E 5 E@ﬂ a "Step-Up" transformer ——
nimary eedl 2= ECon c Ve Ve Vg or 8l
ﬂmﬂhar (}.:E:.jl Mumber of IE I, is less than My, we have i
. = L [
21';1?] E D{nffn ol a "Step-Down” transformer i ;;;;;1I'lll"iii|
= Mg
""" Tr m
™y - Symbols
; . Transformer Construction
{A.I] of these questions can be doneusng Vi, _ 1N =
vll.l‘l Hg




Diode

* semiconductor device which conducts in one direction only o H =
{a) --- (%)} :_ Generc Diode cener Dhode Schottky Dhode
Q A Generic Schottky Shockley  Constant current
1" -#H%ii'ﬂ-— iﬁﬁﬁ" A s« a—— « S
LED Tunnel Diode Photo Diode
Zener Light-emitting Photo- Slep recovery

A 'D A
I""'I'lf:l"l.l'l' '-—H-—'- *—&h J—&h :—.-'_—h
\/ @ ; Tunnel Varactor PIM Vacuum tube

"_H_‘“ o == & &= K i

L AAN——s
LOAD
D

A = Anode
Vour K. = Cathode

U/\@ EI W/aVaVa\
3 S(I(({A:D)QS

L=
c

b
-l'|-'|‘|'| i
LOaD




Transistor

* miniature electronic component that can do two different jobs. It can work either as an amplifier or a switch:

When it works as an amplifier, it takes in a tiny electric current at one end (an input current) and produces a
much bigger electric current (an output current) at the other

PP Trarsisice MPN Trarsistor
Transistors are basically classified into two types; they are . T -
Bipolar Junction Transistors (BJT) and Field Effect Transistors F* i ? : F 4 L .? N ?ﬁ
(FET). The BJTs are again classified into NPN and PNP e e N
transistors. The FET transistors are classified into JFET and .
MOSFET _»—@—H -4—@—4—
B B

Will be continued




Conductors and Insulators

Conductor —

Any material that allows electric
current to pass through it

[I'I'I:I:M-lbur._ ||mndu|:l-ur]

*aluminum g

“e) e

1‘-.
®
ol

Insulator -

Any material that does not allow

electric current to pass through it
*like the protective coaling an wires B

*plastic—yy, *cloth

*rubberh':\ wnnd\.

=

AT

/S
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Conductance

Conductance is an expression of the ease with which electric current flows through a substance.

The standard unit of conductance is the siemens (abbreviated S)per meter (S/m),
formerly known as the mho

The mho is the reciprocal (also known as inverse) of the ohm.

To calculate the conductance of any circuit or component (including a single resistor), you just divide
the resistance of the circuit or component (in ohms) into 1.

Thus, a 100 Q resistor has 1/100 mho of conductance




Inductance

A current generated in a conductor by a changing magnetic field is proportional to the rate of change
of the magnetic field. This effect is called INDUCTANCE and is given the symbol L. It is measured in
units called the henry (H)

Self-induction: |..

Inductors do this by generating a self-induced emf
within itself as a result of their changing magnetic field. In an
electrical circuit, when the emf is induced in the same circuit .

in which the current is changing this effect is called Self-
induction, ( L) but it is sometimes commonly called back-emf
as its polarity is in the opposite direction to the applied

voltage.
g Where: 5 -
|
L is in Henries W % L '@.Jl.;
. =N D M is the Number of Turns |

I

@ is the Magnetic Flux

R,

Si



Inductance

| S00 turns |
b o
A hollow air cored inductor coil consists of 500 turns of copper
wire which produces a magnetic flux of 10mWb when passing
a DC current of 10 amps
104
Bl 17 NP 1 i § | - the value of the self-induced emf produced
L N [ SUU 10 S00mH in the same coil after a time of 10mS

emf =LH = 0510 =500v
dt (.01




Inductance

Mutual Induction:
When the emf is induced into an adjacent coil situated

'| I Cross Sectional
|

within the same magnetic field, the emf is said to be induced b BN,
magnetically, inductively or by Mutual induction, symbol ( M ). :

Then when two or more coils are magnetically linked together SHLCTJ S

by a common magnetic flux they are said to have the

property of Mutual Inductance

Mg Hy :\‘_1 N’.ﬂ A

The mutual mductance term in the prmary The mutusl Inductance term in the N

circuit represents the load of the secondary. secondary represents the coupling from - Jr’l

1t has the negative dign because it belps the the prirnary and st ad the voltage .

SoicE 10 produics mode curmenl in fedponie source that dreives the secondary cirou,

o increasing baad im the secondany ciroult. \'Il Where;

LAl \ll[ Al Al Al Hg is the permeability of free space (4m 107
Ve=I,R + —L - M M_r:;xm"'_j‘z . . . 1l |
Ar Ar Ar - Ar i5 the relative permeability of the soft iron core
M | ¥
B s in the number of coil turns
Secondary
) A iz in the cross-sectional area in m?
Vg R; [ is the coils length in meters




Permanent Magnet

M ag n etl S m Temporary Mag.ilet |

= .
Permanent magnet: .
ecirmagnet Bar magnet
It is a ferromagnetic material that possesses

permanent magneic properties, even when i is no

property of certain substances which pull closer or repel other objects

located within a magnetic field. One end of the magnet IS It is a temporary magnet It is a permanent magnet
called the north pole, the other the south pole
They are usually made of soft materials They are usually made of hard
materials
It can produce very strong magnetic force It produces comparatively weak
ElECtromagnet: magnetic force
It IS_ atype of magnet in which the magnetlp field I_S producec_l by It"s magnetic strength can be changed It's magnetic strength can not be
an electric current. Electromagnets usually consist of wire wound into changed
a coil. A current through the wire creates a magnetic field which is
concentrated in the hole, denoting the centre of the coil. It's polarity can be changed. It's polarity can not be changed.
Example - Solenoid - A wire wound across a nail Example - Bar Magnet
connected to a battery

A/
A%



Magnetism

Coil rotated by
.. mechanical means

Sy "
o o
g
e
-

%

®
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Units of electrical elements

' S| DERIVED BASIC ELECTRICAL UNITS‘

power, radiant flux

electric charge,
quantity of electricity

electric potential
difference,
electromotive force

capacitance

electric resistance
electric conductance
magnetic flux
magnetic flux density

inductance

watl

coulomb

volt

farad
ohm
siemens
weber
tesla

henry

W

C

()
S
Wb

J/s

W/A

C/V
V/A
AV
Vs
Whb/m?
Wb/A

2

)

K

R

=



Ohm's law

Ohm's law states that the electrical current (I) flowing in an circuit is proportional to
the voltage (V) and inversely proportional to the resistance (R). Therefore, if the
voltage is increased, the current will increase provided the resistance of the circuit

does not change.

| = FF7

N /N A% e f(E%— Ly
[1[rR\ /O[rR\ /x[RN ' J.

When E = 18V ; then current | = 6A
When E = 9V; then current | = 3A

W,



Kirchhoff's circuit laws

Ry= 600
Iz
Ry =240 —="\N\N\——D
First law / Nodal rule: -for current B —N\A/\— R
For any node (junction) in an electrical circuit, the sum of currents flowing LI I ANN— E
. . . Rz =170 It
into that node is equal to the sum of currents flowing out of that node. P
Y A Y ¥ Re= 30
EREE T TR T  GRHEE |Ehan TN SRSy Pl I LBEAAA ¢
Ry Ry Ra 24 1.7 Rep Rs R4 Rg 60 20 30
i 1 g R AL (|
L L R - ‘]i; - "RCF} 1':'.[.1 - l‘ I
W 120 " 4
: I CF 2Amps
it i Ver _ 120 6 Amps
W ’ R 20
It vV _132_ 12 Amps I2 = g« 11‘? 7Amps Al
RT 11 ' 1. = JeE _ 120 4 Amps
T
Ruc = 1.002 N Ree = 1007 At node C

A—AM——AAA—F

Var = IT2Rae = 12x1 = 12Volts 11 F I

T e : Vep = I+ %xRep = 12210 = 120 Volts
5 ||‘“|I
{E})




Kirchhoff's circuit laws

Second law / Mesh rule: -for voltage

The directed sum of the potential differences (voltages) . L
around any closed loop is zero. " e -
PR Sy |
12v[ j Vs v Z‘E;
RT=R1+R2+R3 = 10Q + 20Q + 30Q = 60Q T §

Ry = 300 s
—- l' +
I :5. -%% 0.2A —*\ﬁ,va
T

5

VR1=IxR1=0.2x10 = 2 volts
VR2=1xR2=0.2x20 = 4 volts
VR3=IxR3=0.2x30 = 6 volts

Vs-VR1-VR2-VR3 = 12-2-4-6 = 0

W,



LIVE

220Vrms, 50Hz MAINS
NEUTRAL

Simple Circuit

220VAC, 50Hz to 18VDC Power Supply

FUSE
SPST gji“g_-

MAIN AC GROUND

R

Step

Drown

Transformer

-
Primary
Voltage 220V

9

Secondary

E

=1

Voltage 24V

Bridge
Rectifier
MBG6S-E3/80

D1l D3

Voltage

Regulator

LM7818CT

Input Qutput DC
Ling Regulated
Valtage Vaoltage

COMMOM

Y s

GROUND

Voltmeter
across LED

-+

- _

1 8200

¢
|

Valtmeter
L ACross
Resistor

)
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Thank You
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