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71 Ohm’s law
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Unit 1. DC CIRCUITS
BASICS OF DC CIRCUITS

Direct Current
[1Current flows in a constant direction

[JVoltage has constant polarity. +
SOURCE = LOAD

@ ©

electron
» electron flow
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http://www.pbs.org/wgbh/amex/edison/sfeature/acdc.html

Unit 1. DC CIRCUITS
BASICS OF DC CIRCUITS

Brief history of Direct Current

0In 1880, Thomas Edison developed the first commercial electric power
transmission using direct current (DC).

) Simultaneously, Nikola Tesla developed electric power transmission using
alternating current (AC).

1 Edison promoted the use of DC for electric power distribution, while George
Westinghouse promoted the use of AC. Westinghouse and Edison became
adversaries.

Unlike DC, AC could be stepped up to very high voltages with transformers, sent
over thinner and cheaper wires, and stepped down again at the destination for
distribution to users. These are the main reasons for the prevalent use of AC
instead of DC transmission systems.

71 In the mid 1950s, HVDC transmission was developed. The advantage of HVDC is
the ability to transmit large amounts of power over long distances with lower
capital costs and with lower losses than AC.

1 HVDC is used in undersea cables.
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Unit 1. DC CIRCUITS
DC APPLICATIONS
= Low-voltage DC applications:
Batteries
Electronic circuits

Solar photovoltaic cells
Automotive applications

= Electrolytic processes industry
Production of aluminum, Cl,, etc.

= High Voltage DC (HVDC) applications:
Overhead power lines (high power, long dist.)
Undersea cables (run under the sea) "
Offshore wind-driven generators

Unit 1. DC CIRCUITS
ELECTRICAL CURRENT
Electrical current
[1 Electrical current consists on a flow of electric charge.
[ The flowing electric charge is carried by:
Moving electrons in a conductor such as wire
Moving ions in an electrolyte
Moving electrons and moving ions in plasma
[1 The Sl unit for measuring the rate of flow of electric charge is the ampere (A).

01 Electric current is measured using an ammeter.

[1 A solid conductive metal contains mobile or free electrons (conduction electrons).
[1 These electrons are bound to the metal lattice, but no longer to any individual
atom.

[1 Even with no external electric field applied, these electrons move about randomly
due to thermal energy. However, on average, there is zero net current within the

metal.
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Unit 1. DC CIRCUITS
ELECTRICAL CURRENT
The electrical current (flow of

electricity) is similar in many ways
to water flowing through a pipe.

The electrical current direction is
chosen as the motion direction of the
positive charges.
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Unit 1. DC CIRCUITS
ELECTRICAL CURRENT

When a metal wire is connected across the two terminals of a DC voltage source,
the free electrons of the conductor are forced to drift toward the positive terminal.
The free electrons are therefore the current carrier in a typical solid conductor.

Flow of positive charge

Flow of electrons

According to Ampére's law, an electric current
produces a magnetic field.
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Unit 1. DC CIRCUITS
ELECTRICAL RESISTANCE

Electrical resistance

[] The electrical resistance of an object is a measure of its opposition to the
passage of a steady electric current.

[ It was discovered by George Ohm in 1827
[ The Sl unit of electrical resistance is the ohm (Q).

[] The resistance R of a conductor of uniform cross section can be computed as:
|

I
E
s

| is the length of the conductor, measured in meters [m]

S is the cross-sectional area of the current flow, measured in square meters [m?]

p (Greek: rho) is the electrical resistivity of the material, measured in ohm-metres
(Q m). Resistivity is a measure of the material's ability to oppose electric current.
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ELECTRICAL RESISTANCE: temperature dependence

Electrical resistance: temperature dependence
[1 The electric resistance of a typical metal increases linearly with rising

temperature as:
R=Ry[L+a(T~T,)]

Where Material Resistivity (Q-m)at 20 °C e 1
IT: metal’s temperature Silver 159%10 8 0.0038
IT,;: the reference temperature |Cawer 188x1078 100039 ]
(usually room temperature) Gold R 0.0034
URy: resistance at T = T
. ‘ uminium 1 282x10~% 0.0039 ]
Oa: Temperature  coefficient.
Percentage change in resistivity Tungsten 5.60x10 0.0045
per unit temperature. It depends zinc 5.90x10 8 0.0037
only on the material being 8
. Nickel x10~ 0.006
considered S
Iron 1.0%10~7 0.005
Platinum 1.068%10 =1 0.00392
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Unit 1. DC CIRCUITS
SERIES/PARALLEL CONNECTED LOADS

SERIES PARALLEL
2 n1
2 z =N
3 equwalent Z R Requwalent i= R
i Ri-R,
R1//R22 Requivalent = Ry + Ry
2 n
S 1 1
S equwalent Z L Li = f
E equivalent i=1 i
4
g jpaaeasie) n
8 casEssew C . Bt -
% Cequivalent i=1 Ci Cequwalent 21: C|
(@] =

Unit 1. DC CIRCUITS
VOLTAGE AND CURRENT DIVIDERS

The voltage divider

[l It is a simple linear circuit that produces an output voltage that is a fraction of its
I

input voltage. L
[ Voltage is partitioned among the components of the divider. .
. Vi R1
General case: . v +
2R, el
i Ny R,
In the example shown: VR2 W R, +R,

The current divider

[1 A current divider is a simple linear circuit that produces an output current that is a
fraction of its input current. 0

U Current is split between the branches of the divider. I i,

RR. R.R R o oh
>R
I . B

In the example shown: . R, +R, é o

General case: 1=




Unit 1. DC CIRCUITS
OHM’S LAW
Ohm's law

The current through a conductor between two points is directly proportional to the
potential difference - or voltage across the two points - and inversely proportional to

the resistance between them. I
—»

+
'} R

fn

I=VIR or V=IR

01 The electrical resistance of an object is a measure of its opposition to the
passage of a steady electric current.

1 The electrical resistance was discovered by George Ohm in 1827
1 The Sl unit of electrical resistance is the ohm (Q).

The resistance R of a conductor of uniform cross section can be computed as:

R:p-g 65

Unit 1. DC CIRCUITS
KIRCHHOFF’S CIRCUIT LAWS
Kirchhoff's current law (KCL)

At any node (junction) in an electrical circuit, the sum of currents flowing into that
node is equal to the sum of currents flowing out of that node.

Z li=0 or Z linput :Z | outpu
i

Kirchhoff's voltage law (KVL)

The direct sum of the electrical potential differences (voltage) around any closed
circuit must be zero. ; R,

Unit 1. DC CIRCUITS
ELECTRIC POWER
Electric power (W)

[] This is the rate at which electrical energy is transferred by an electric circuit
or consumed by an electric load.

[] The Sl unit of power is the watt.
[ The power consumed by a load is considered positive
] The power delivered by a source is considered negative

\Y
|
— m P =+V:l Absorbed power
I \Y
O P =-V:l Delivered power

P =-V:l Delivered power

_/
|
) i
- — - P =+ V:l Absorbed power
Z/ P
|
(<)
\_/

Unit 1. DC CIRCUITS
ENERGY
Energy (J, W-h)

t
[ Energy results form the integral: W = I P(t)-dt
0

[1 If power is constant, it results: W =P-t=V-:It

[l Energy is usually measured in kWh (kilowatt hours). Energy in watt hours is the
multiplication of power in watts and time in hours.

11 kWh = 3.6 MJoules

[l Electric power meters:

joule watt hour electronvolt calorie

1J=1kgm2s2=1 2778 x 107 6.241 x 1018 0.239

1Wh= 3600 1 2.247 x 10?2 |859.8
1eV= 1.602x10719/4.45x 10723 1 3.827 x 10720
1cal= 4.1868 1.163x 10 % 2.613x 1019 |1

6
Don’t confuse power and energy ! @




Unit 1. DC CIRCUITS

POWER AND ENERGY
In domestic and industrial supplies the kilowatt hour (kWh) is usually used. One
kWh is the energy used when a power of 1kW is supplied for one hour (3600s).

Notice that power = energy/time, therefore energy = power x time and. Since 1kWh
is a power multiplied by a time, it is in fact a unit of energy (not power).

Example. How much energy is supplied to a 100Q resistor that is connected to a
150V supply for 1 hour?
Power: P =U?%R =150%100 =225 W
Energy: W =P+t =225W-1h =225 Wh = 0.225 kWh
W = P-t =225W-1:60-60s = 810000 J = 810 kJ

The number of joules or kWh supplied is a measure of the amount of electrical
energy supplied.

Example. A DC motor takes 15 A from a 200 V supply. It is used for 40 mins. What
will it cost to run if the tariff is 0.13 €/kWh?

Power: P =U-1=200.15=3000 W = 3 kW

Energy in kWh: W = P-t = 3:(40/60) = 2 kWh

Costin €: C=20.13=0.26 € é

Unit 1. DC CIRCUITS

CIRCUIT ANALYSIS TECHNIQUES: the mesh current method

The mesh current method
[1 Also known as the loop current method.

[11t uses simultaneous equations, Kirchhoff's voltage law, and Ohm's law to
determine unknown currents in a network.

[ It is a method used to solve planar circuits for the voltage and currents at any
place in the circuit.

1 EXAMPLE 0V Mesh current equations:

A {Ioop1: ,=2A
loop 2: 10 =-10:1; + 301,

ltresults: 1, =2A,l,=1A

200

—

Pioy=-1-10=-10W (delivers power)
Poa=-2:10=-20 W (delivers power)
Pig=*1210=+10 W (absorbs power)
Pogq =+ 1220 =+ 20 W (absorbs power)

ZPi=0 é

S v flan |
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Unit 1. DC CIRCUITS

CIRCUIT ANALYSIS TECHNIQUES: the mesh current method

[ EXAMPLE
10Q 292
Iy PO BTN
ZQ[] Y 2 }[]40 YA Mesh current equations:
o ‘ v :<+>50v
o
S loop 1: -25 = +1,-(2+5 ) - 1,(5 ) - 15+( 0 )
loop 2: +25 = -1,-(5) + 1,-(5+10+4 ) - 1,-(4 )
loop 3: +50 = -1,-(0 ) - L:(4 )+ I,-( 4+2)
-25 -5 0 7 -25 0 7 -5 -25
25 19 -4 -5 25 -4 -5 19 25
50 -4 0 50 6 0 -4 50
= =-1 l,=—+———=3172A |, = =10'448A
h=T7% 1306A - L= 5 717 -5 0
5 19 -4 5 19 -4 5 19 -4
0 -4 6 0 -4 6 0 -4 6

&

CIRCUIT ANALYSIS TECHNIQUES: the mesh current method

- EXAMF;EE Mesh current equations:
— loop 1: 10-5=2301; -10-1,
. o loop2: I,=-2A
Ny Ry ltresults: I, =-0.5A, l,=-2A
10v<_> 3 C/I\ 2A results: |, B5A, I, .
Piov=+0%:10=+5W (absorbs power)
200  Nb3A 2A Psy =+ 1'56:5 =+ 7'5 W (absorbs power)
0.5 AJ“ -V ISA\L Pya=-2-20=-40 W (delivers power)
+
Byv[jroe - * Pioq = +10-1'52 = +22'5 W (dissipat )
LoV <+> R ZOVCP)ZA 100 (dissipates power)
. Pooo = +20-12 = + 5 W (dissipates power)
5V
> P =0
i

é_..
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Unit 1. DC CIRCUITS
TECHNIQUES OF CIRCUIT ANALYSIS: Mesh-current method

CIRCUIT ANALYSIS TECHNIQUES: the mesh current method

" EXAMPLE Mesh current equations:

loop 1: 9 = 4000-1, - 30001,
loop 2: 0 = -3000-1, + 7000-1,

Itresults: 1;=3.32mA, |,=1.42mA.

Pgy =-3.32:9 mW = -29.88 mW (delivers power)
P.ogoa = +(3.32)2:1 mW = 11.02 mW (dissipates power)

P3o0oqn = +(3.32-1.42)2:3 mW = +10.83 m W (dissipates power)

Paooon = 1(1.42)22 mW = 4.03 mW (dissipates power)
Pagoon = +(1.42)>2 mW = 4.03 mW (dissipates power)

2.P=0

[ EXAMPLE
Determine currents in each loop and perform a power balance.

10Q 2Q
[ —

‘ . 50V

Answer: a) |, = -5'037 A, I, = -2'052 A, I, = -9'701 Ab) 5P oo = & Proqiet = 559'65 W

Unit 1. DC CIRCUITS
CIRCUIT ANALYSIS TECHNIQUES: the mesh current method

Unit 1. DC CIRCUITS
CIRCUIT ANALYSIS TECHNIQUES: the mesh current method

[0 EXAMPLE
Determine currents in each loop and perform a power balance.
100Q 20
1 |
L —— sy
20 H
2A
IT.-" se -
- I,

Answera) |, =-5A, I, = -2Ab) P, 0 = % Proge = 143 W

[ EXAMPLE
Determine currsegts in eaczzrgzloop and perform a power balance.

Answer a) |, =-5A, I,=-2Ab) SP_ o = % Proge = 119 W
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Unit 1. DC CIRCUITS
CIRCUIT ANALYSIS TECHNIQUES: the mesh current method

CIRCUIT ANALYSIS TECHNIQUES: the mesh current method

[0 EXAMPLE
Determine currents in each loop and perform a power balance.
30€2 The mesh current equations are:
31iy — bip — 26i3 = 80

50 ‘algoo —Biy+ 125y —90is = 0
—26i; — 90ip + 124i3 = 0

125 -90
- -2 - 2.
31 5 6 G %0 14__,
A=|-5 125 =90 A
- 26 =90 124
31 80 -26
-5 0 =90
(@) psov = —(80)iy = —(80)(5) = —400 W |26 0 24 4
iy= =2,
Therefore the 80 V source is delivering 400 W to the circuit. # A

(b) pg = (8)i2 = 8(2.5)> = 50 W, so the 812 resistor dissipates 50 W.

[0 EXAMPLE
Given the following mesh current directions, solve for the charging current through

battery #1.

Fuse Fuse Fuse
R=020Q R=020Q R=020Q

Eoc=23.5V Eoc=241V
Rigerma = 1.5 Q Rigsernat = 1.0 Q2

{29 -235=05l,+0.2l, +0.2(I, = L) + 1.5(I, = I,)
23.5-24.1=15(,~1,)+ 0.2(l, ~ ;) + 0.2l, + 1, + 0

The resultis I,y = 1.7248 A

©:
3
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CIRCUIT ANALYSIS TECHNIQUES: the mesh current method

Unit 1. DC CIRCUITS
CIRCUIT ANALYSIS TECHNIQUES: the mesh current method

1 EXAMPLE
Given the following mesh current directions, solve for the mesh currents.

Loop 1: 10 = 1701, + 501, = 120l,
Loop 2: 0 =50, + 3001, + 1001,
Loop 3: 0 =-1201, + 100, + 4201,

S
3

] EXAMPLE R=12140

R=1k2 R=

3

g

B
E

A very interesting style of voltage
divider which uses three series-
connected strings of resistors
and connection clips to provide
1000 steps of voltage division
with only 31 resistors, andf only
3 different resistance values.
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Unit 1. DC CIRCUITS
CIRCUIT ANALYSIS TECHNIQUES: the mesh current method

R=1ki2 E=11k0
each each 0.12
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Unit 1. DC CIRCUITS
CIRCUIT ANALYSIS TECHNIQUES: the node voltage method

The node-voltage method

1 Also known as the nodal analysis or branch current method.

[11t uses simultaneous equations, Kirchhoff's voltage law, and Ohm's law to
determine unknown currents in a network.

0 It is a method used to solve planar circuits for the voltage and currents at any
place in the circuit.

O

Unit 1. DC CIRCUITS
THEVENIN'S THEOREM
Thévenin's theorem

[l Any two-terminal circuit composed of a combination of voltage sources, current
sources and resistors is electrically equivalent to a single voltage source V in
series with a single resistor R.

Steps for calculating the Thévenin’s equivalent circuit:
[ Calculate the output voltage, Vas, in open circuit condition. This is V1n.

[1 Replace the voltage sources with short circuits and the current sources with open
circuits. Measure the total resistance, Ryg. This is Rth

[ EXAMPLE
2kn 1kQ A VTH:
15=1-(2000+1000+1000) — I=0.00375A

Vj = 11000+1000) — Vg =Vy, =75V

RTH: #g -
\"eqr i
RTh = (2000//2000) +1000 = 200022 =

O

15V
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NORTON'S THEOREM
Norton's theorem

1 Any two-terminals circuit composed of a combination of voltage sources, current
sources and resistors is electrically equivalent to a single current source in
parallel with a single resistor R.

Steps for calculating the Norton’s equivalent circuit:
[ Calculate the output current, las, with a short circuit as the load. This is INo.

[1 Replace the voltage sources with short circuits and the current sources with open
circuits. Measure the total resistance, R,g. This is Rno

" EXAMPLE
2ka_ 1kQ A 15

I =
“*" 2000 + 2000//1000
2000

Currentdivider: |, =1, ———= 0.00375A
3000 1 .
RNo: i
3.75 mA
Ry, = Ry, =(2000//2000) +1000 = 2000

=0.005625A
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THEVENIN-NORTON RELATIONSHIP THEVENIN-NORTON RELATIONSHIP

Equivalence between Thévenin and Norton - EXAMPLE 1) VTh:
[1 Rth=RNo 1
[]  V1h = RNo’INo $ Rim2m Sra=am
7 Ino = VIR b Gidie | . -
No = VTh/Rth s SRI=3K) = _.“ |
1 EXAMPLE i Mighy A E B £ e ot
1) VTH: el Wy T T
R, R, b Wy
‘W MA 44 i 14 i L P
4Q LQ . Load resisfor b < R2=410 SRi=1kQ 1000
1 1 T e m T e 3 Voo =12290 gy v, =120 - 3v
B, — 28V R, < (Load) B, — 7V T 1 | 6000 4000
20 28-7=1(4+1) - 1=42A Vi = Vg = Ve — Ve =8-3=5V
Vi =28-14 - V,; =V, =11.2V 2) RTH, Rno
R, R, L | i R, =R, =
2) RTH, RNo AL | Al 3) INo: g mene gmeoe meaag graena i No _
Iy = Vi /R, =11.2/0.8 =14A \ . e : =2//4+3//1kQ = 2.083kQ
0.8Q — — = »—ot .
1

. ) i L 3) INo:
Veq Req 1 Req . E A2 = akQ Sre=1ua et Tram1ka | V /R 2 AmA "
0.8Q P = =2.4m e
R, = Ry, =4//1=0.8Q nav : 1A EE @ ( Mo T @
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THEVENIN-NORTON RELATIONSHIP THEVENIN-NORTON RELATIONSHIP

[ EXAMPLE [l EXAMPLE
. o2 AN A
Z625A. R, =2.. 30hm e
e I, =6.25A., Ry, =2.4 Ohm R Ry =2Q, Vy, =61
Cl) 8A 2 6ohm — 6ohm g %/;
L_7v ov
T * ob b
[ EXAMPLE
2o0hm Online resources:
R.; =680, Vi, =48V
CT 4ohm http://utwired.engr.utexas.edu/rgd1/lesson07.cfm




Unit 1. DC CIRCUITS
ELECTRICAL MEASUREMENTS
Voltmeters

U] Instruments used for measuring the electrical potential difference between two
points in an electric circuit.

1 They have an internal impedance of several MQ
(infinite).

1 They are connected in parallel.

Voltmeter usage

| _!E Digital

* | multimeter ‘ ’<\
/7\ | Analog Analog L

meter | multimeter ¥ <
i

/ Resistor [V ——

Test leads

A 7
Test probes Test probes @

Unit 1. DC CIRCUITS
ELECTRICAL MEASUREMENTS

Ammeters
[1 Instruments used for measuring the electric current in a circuit.
[1 They have an internal impedance close to zero. —— -
[1 They are connected in series. * >
(e r 1
Ammeter usage [ | (| |
N, - N

SHORT CIRCUIT !

Battery

current ™~
surge

DANGER!!!! é

WELL DONE

Unit 1. DC CIRCUITS
ELECTRICAL MEASUREMENTS

Multimeters

{1 Electronic measuring instruments that combines several

measurement functions in one unit: voltage, current and
resistance.

Clamp multimeters

[1 Current clamp: electrical device that has two jaws which open to clamp around
an electrical conductor. Thus, the electric current in the conductor can be

measured without having to make physical contact with it or disconnect it to insert
it through the probe.

] Can also be used to measure voltage, current and resistance.

clamp %

Unit 1. DC CIRCUITS
ELECTRICAL MEASUREMENTS
Wattmeters

[ Instruments for measuring the electric power in watts of any given circuit.
[1 They have 4 terminals (2 for voltage and 2 for current measurement)

)

Analog Digital




Unit 1. AC SINGLE-PHASE CIRCUITS
ELECTRICAL MEASUREMENTS

Wattmeter connection
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