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1.1 Introduction: Electric Circuits ARMS

ACADEMY
An electric circuit is an interconnection of electrical
elements designed to communicate or transfer energy
from one point to another. In circuit analysis, schematic
diagrams are used. These diagrams use standard
symbols to represent electrical components, rather than
showing how they look physically. \
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1.2 System of Units ARMS

ACADEMY

Electrical measurements require a standard international
language for professionals to communicate accurately.
The International System of Units (Sl), adopted in 1960,
is the standard. SI prefixes use powers of 10 to relate
large and small values more easily.
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Six basic S| units and one derived unit relevant to this text. The Sl prefixes. )

Quantity B BELI(‘ unit .‘_w:'mhnl Multiplier Prefix Symbol
Length meler m . ' ]
Mass kilogram kg I{IH Gha E
Time second 5 10 ) peta P
Electric current ampere A 10" lera T
Thermodynamic temperature kelvin K 10’ aiga G
Luminous inlensity candela cd 10" mega M
Charge coulomb c 10 kilo k
10° hecto h
10 deka da
10" deci d
10 - centi C
0 * milli m
" micro I
1 nano n }
10" pico P
0 ' femlo f \
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1.3 Charge and Current ARMS

ACADEMY

Charge (Q): An electrical property of the atomic particles
of which matter consists. Measured in Coulombs (C).
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e Law of Conservation of Charge: Charge cannot be \
created or destroyed, only transferred.

e The charge of a proton is positive and equal to
1.602 x 10"° C.

e The charge of an electron is negative and equal to
-1.602 x 10" C.

e One Coulomb is quite large, equivalent to 6.24 x 10"
electrons
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1.3 Charge and Current ARMS

ACADEMY

Current (I): The time rate of change (flow) of charge.
Measured in Amperes (A).
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e Direction Convention: Introduced by Benjamin
Franklin, the conventional current direction follows
the movement of positive charges, which is opposite
to the flow of negative electrons.

e Direct Current (DC): A current that remains constant
with time (represented by uppercase I).

e Alternating Current (AC): A current that varies
sinusoidally with time (represented by lowercase i).
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Figure 1.4 /\
Two common types of current: (a) direct —>
current (dc), (b) alternating current (ac). 0 \/ !
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1.4 Voltage ARMS

ACADEMY

Voltage (V): Also known as potential difference, the
energy required to move a unit charge through an
element. Measured in Volts (V).
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e Key Rule: Electric voltage is always measured across
a circuit element, whereas electric current is
measured through it.

e Voltage Drop & Rise: V,, =-V,.. A voltage drop from
a to b is equivalent to a voltage rise from b to a.
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Figure 1.7

Two equivalent representations of the
same voltage v,,: (a) Point a is 9 V above
point b; (b) point b is —9 V above point a.
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1.4 Voltage ARMS
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e Types of Voltage:
o DC (Direct Current): Constant voltage,
represented by V (typically from a battery).
o AC (Alternating Current): Sinusoidally time-
varying voltage, represented by v (typically from
a generator). \
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1.5 Power and Energy ARMS
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Power (P): The time rate of expending or absorbing
energy.
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Passive Sign Convention:
o Absorbing: Current enters the positive (+)
terminal (p = +vi).
o Supplying: Current enters the negative (-)
terminal (p = -vi).
e Law of Conservation of Energy: The sum of all
powers in a circuit equals zero (X p = 0)
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1.5 Power and Energy ARMS
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Energy (W): The capacity to do work.
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1.6 Circuit Elements ARMS
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There are 5 ideal basic elements categorized into Active
and Passive.
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o Active Elements (Sources):

o Independent Sources: Provide a specified
voltage or current that is completely \
independent of the rest of the circuit.

o Dependent Sources: Sources whose values
depend on a voltage or current elsewhere in the
circuit.
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1.6 Circuit Elements ARMS
e Passive Elements:
o Resistor (R): Opposes the flow of current.
Conductance is the opposite of resistance. Its
value can be determined by colored stripes (4-
band or 5-band code).
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o Capacitor (C): Stores energy in an electric field.
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o Inductor (L): Stores energy in a magnetic field.
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L = ,V
di/dt
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1.6 Circuit Elements ARMS
e Passive Elements:
o Resistor (R): Opposes the flow of current.
Conductance is the opposite of resistance. Its
value can be determined by colored stripes (4-
band or 5-band code).
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o Capacitor (C): Stores energy in an electric field.
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1.6 Circuit Elements ARMS
ACADEMY
e Combining Sources:

o Voltage sources connected in series can be
algebraically combined into a single equivalent
voltage source.

o Current sources connected in parallel can be
algebraically combined into a single equivalent \
current source.
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V= AX+Q x= - < [~ A bt (a

[ Practic-e ] g
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ACADEMY
1.1 One millivolt is one millionth of a volt.
(@) True (b) False

1.2 The prefix micro stands for:
(@)10° (b)10° (c)10° (d)10°

1.3 The voltage 2,000,000 V can be expressed in powers \
of 10 as:
(@2mV (b)2kv  (c)2MV  (d) 2GV

1.4 A charge of 2 C flowing past a given point each
second is a current of 2 A.
(@) True (b) False

1.5 The unit of current is:
(@) coulomb  (b)volt (c)ampere (d)joule

1.6 A 4-A current charging a dielectric material will
accumulate a charge of 24 C after 6 s. \
(@) True (b) False



V= AX+Q x= - < [~ A bt (a

| Examplés] L
L ARMS
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1. How much charge is represented by 4,600
electrons?

Solution:
Oneis =-1.602 x 10 C |
Hence, 4,600 electrons: \
-1.602 x 107" C x 4,600 electrons =-7.369 x 107° C

2. The total charge entering a terminal is given by
g = 5t sin 4rtt mC. Calculate the current att =0.5s.

Solution:
N d (5tsindntmC) StsindntmC
1 = — = —(9otsindmtm —
T <

= (5Sin47rt + 207thos47rt)mA Use the calculator to
find the derivative

At t=0.5s \

1 = 5s1n2m + 10mcos2m Substitute

=04+ 10r = 31.42mA
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| Examplés L
L ARMS

ACADEMY

3. Determine the total charge entering a terminal
between t=1s and t =2 s if the current passing the
terminal isi = (3t*- t) A.

Solution: \

2 2
Q:/ idt:/(3t2—t)dt i =3t? —t
t=1 1

Use the calculator to
find the integral

Substitute



V= AX+Q x= - < [~ A b (a

| Examplés] i
L ARMS

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

Solution: \

Ag = 1At =2 x 10 = 20C The total charge

Aw 2.3 x10°
Ag 20

The voltage drop

V= = 115V




TV V=X Tiax+a . e [~ A b*(a

| Examplés] L
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5. Find the power delivered to an element at t =3 ms
if the current entering its positive terminal is
i=5cos60mttA, and the voltage is: (a) v = 3(l),

(b) v =3 di/dt.

Solution: (a) \

V = 31 Replace (I) with the
current

V = 15cos(60nt) V The volt
P = VI= (15cos(607t))(5 cos(607t)) Replace the values in

the law

P = T5cos*(607t) =~ 53.49W Change the answer with
the calculator

Solution: (b)

.t
d1 . |
% = —300 sm(607rt) A/S Use the calculator to u

fide the derivative of (I) l

V = 3(—3007 sin(607t)) V = 3 di/dt
V = —9007 sin(607t) V The volt

P = —45007sin(0.187) cos(0.187) P=V|

WY A\
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[Examplés]

6. How much energy does a 100-W electric bulb
consume in two hours?

ARMS

ACADEMY

Solution:

W = Pt The wat law \

= 100(W) x 2(h) x 60(min/h) x 60(s/min)

W = 720,000J = 720kJ The energy in joule
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| Examplés] L
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7. A homeowner consumes 700 kWh in January.
Determine the electricity bill for the month using the
following residential rate schedule:

Base monthly charge of $12.00.

First 100 kWh per month at 16 cents/kWh.

Next 200 kWh per month at 10 cents/kWh. \
Over 300 kWh per month at 6 cents/kWh.

Solution:

We calculate the electricity bill as follows:
Base monthly charge = $12.00
First 100 kWh: $0.16/kWh = $16.00
Next 200 kWh: $0.10/kWh = $20.00
Remaining 400 kWh: $0.06/kWh = $24.00
Total charge = $72.00
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8. Find the voltage V, in the circuit below.

Solution:

Vi =5V, Parallel
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9. Calculate the power supplied or absorbed by each
element in the following circuit.

Solution:

P=V] Power law

P, = 20(-5) = -100W (Supplied)

P, =12(5) = +60W absorbed

P5; = 8(6) = +48W absorbed

P, = 8(-0.2(1)) = 8(-0.2x5) = -8W (Supplied)
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1. Calculate the amount of charge represented by six
million protons.

Answer: 19612 x 10" 3C

2. If in Example 2, g = (10 - 10e’*) mC. find the current \
att=1.0s.

Answer: 19612 x 10" 3C

3. The current flowing through an element is

i(t) = 4A, 0<t<l1
|42 A, t>1

Calculate the charge entering the element fromt=0
tot=2s.

Answer: 13.333C \

4. To move charge g from point a to point b requires
-30 J. Find the voltage drop V., if: (@) q=6C, (b)g=-3 C.

Answer: (a)-5V. (b) 10 V.



V= AX+Q x= - < [~ A b (a

[Homewo-rk L
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5. A stove element draws 15 A when connected to a
240V line. How long does it take to consume 180 kJ?

Answer: 50 s

6. Compute the power absorbed or supplied by each \

component of the circuit.
0A 2V I=3A

J}_ l +A

+ - 00L.6] Py

Answer: p = —45W,p2 = 18W,p3 = 12W,p4 = 15W.
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	1.1 Introduction: Electric Circuits
	An electric circuit is an interconnection of electrical elements designed to communicate or transfer energy from one point to another. In circuit analysis, schematic diagrams are used. These diagrams use standard symbols to represent electrical components, rather than showing how they look physically.

	1.2 System of Units
	Electrical measurements require a standard international language for professionals to communicate accurately. The International System of Units (SI), adopted in 1960, is the standard. SI prefixes use powers of 10 to relate large and small values more easily.

	1.3 Charge and Current
	Charge (Q): An electrical property of the atomic particles of which matter consists. Measured in Coulombs (C).
	Law of Conservation of Charge: Charge cannot be created or destroyed, only transferred.
	The charge of a proton is positive and equal to
	1.602 × 10-19 C.
	The charge of an electron is negative and equal to -1.602 × 10-19 C.
	One Coulomb is quite large, equivalent to 6.24 × 1018 electrons


	1.3 Charge and Current
	Current (I): The time rate of change (flow) of charge. Measured in Amperes (A).
	Direction Convention: Introduced by Benjamin Franklin, the conventional current direction follows the movement of positive charges, which is opposite to the flow of negative electrons.
	Direct Current (DC): A current that remains constant with time (represented by uppercase I).
	Alternating Current (AC): A current that varies sinusoidally with time (represented by lowercase i).

	1.4 Voltage
	Voltage (V): Also known as potential difference, the energy required to move a unit charge through an element. Measured in Volts (V).
	Key Rule: Electric voltage is always measured across a circuit element, whereas electric current is measured through it.
	Voltage Drop & Rise: Vab = -Vba. A voltage drop from a to b is equivalent to a voltage rise from b to a.

	1.4 Voltage
	Types of Voltage:
	DC (Direct Current): Constant voltage, represented by V (typically from a battery).
	AC (Alternating Current): Sinusoidally time-varying voltage, represented by v (typically from a generator).

	1.5 Power and Energy
	Power (P): The time rate of expending or absorbing energy.
	Passive Sign Convention:
	Absorbing: Current enters the positive (+) terminal (p = +vi).
	Supplying: Current enters the negative (-) terminal (p = -vi).
	Law of Conservation of Energy: The sum of all powers in a circuit equals zero (Σ p = 0)

	1.5 Power and Energy
	Energy (W): The capacity to do work.

	1.6 Circuit Elements
	There are 5 ideal basic elements categorized into Active and Passive.
	Active Elements (Sources):
	Independent Sources: Provide a specified voltage or current that is completely independent of the rest of the circuit.
	Dependent Sources: Sources whose values depend on a voltage or current elsewhere in the circuit.
	Passive Elements:
	Passive Elements:


	1.6 Circuit Elements
	Combining Sources:
	Voltage sources connected in series can be algebraically combined into a single equivalent voltage source.
	Current sources connected in parallel can be algebraically combined into a single equivalent current source.

	Practice
	Examples
	1. How much charge is represented by 4,600 electrons?
	Solution: One is = -1.602 x 10-19 C Hence, 4,600 electrons:
	-1.602 x 10-19 C x 4,600 electrons = -7.369 x 10-16 C
	2. The total charge entering a terminal is given by  q = 5t sin 4πt mC. Calculate the current at t = 0.5 s.
	Solution:
	At t = 0.5s

	Examples
	3. Determine the total charge entering a terminal between t = 1 s and t = 2 s if the current passing the terminal is i = (3t2 - t) A.
	Solution:

	Examples
	4. 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.
	Solution:

	Examples
	5. Find the power delivered to an element at t = 3 ms if the current entering its positive terminal is  i = 5 cos 60π t A, and the voltage is: (a) v = 3(I),  (b) v = 3 di/dt.
	Solution: (a)
	Solution: (b)
	P = V I


	Examples
	6. How much energy does a 100-W electric bulb consume in two hours?
	Solution:

	Examples
	Solution:

	Examples
	8. Find the voltage VL in the circuit below.
	Solution:

	Examples
	9. Calculate the power supplied or absorbed by each element in the following circuit.
	Solution:
	P1 = 20(-5) = -100W (Supplied) P2 = 12(5) = +60W absorbed P3 = 8(6) = +48W absorbed
	P4 = 8(-0.2(I)) = 8(-0.2x5) = -8W (Supplied)


	Homework
	Answer:
	Answer:
	Calculate the charge entering the element from t = 0 to t = 2 s.
	Answer:

	Homework
	Answer:


