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PrincipLES oF ELECTRIC CiIRcUITS CONVENTIONAL

ELECTRIC CIRCUITS ARE FUNDAMENTAL TO THE OPERATION OF MODERN ELECTRONIC DEVICES, FROM SIMPLE TOYS TO COMPLEX
COMPUTERS. UNDERSTANDING THE PRINCIPLES OF ELECTRIC CIRCUITS IS ESSENTIAL FOR ANYONE INTERESTED IN ELECTRONICS,
ENGINEERING, OR PHYSICS. THIS ARTICLE WILL EXPLORE THE BASIC CONCEPTS, COMPONENTS, LAWS, AND CALCULATIONS THAT
GOVERN CONVENTIONAL ELECTRIC CIRCUITS.

UNDERSTANDING ELECTRIC CIRCUITS

AN ELECTRIC CIRCUIT IS A CLOSED LOOP THAT ALLOWS ELECTRIC CURRENT TO FLOW FROM A POWER SOURCE TO A LOAD AND
BACK AGAIN. THE FLOW OF CURRENT IS DRIVEN BY A VOLTAGE DIFFERENCE CREATED BY THE POWER SOURCE, WHICH CAN BE A
BATTERY, GENERATOR, OR ANY OTHER ELECTRICAL SOURCE.

Key CoMPONENTS oF ELECcTRIC CIRCUITS

ELECTRIC CIRCUITS CONSIST OF SEVERAL ESSENTIAL COMPONENTS, EACH PLAYING A UNIQUE ROLE IN THE CIRCUIT'S OPERATION:

1. PowER SOURCE: THIS COMPONENT PROVIDES THE ELECTRICAL ENERGY NEEDED FOR THE OPERATION OF THE CIRCUIT. COMMON
POWER SOURCES INCLUDE BATTERIES, SOLAR PANELS, AND POWER SUPPLIES.

2. CONDUCTORS: THESE ARE MATERIALS, TYPICALLY COPPER OR ALUMINUM WIRES, THAT ALLOW ELECTRIC CURRENT TO FLOW
THROUGH THE CIRCUIT. CONDUCTORS ARE CHARACTERIZED BY LOW RESISTANCE.

3. LoAD: THE LOAD IS ANY COMPONENT THAT CONSUMES ELECTRICAL ENERGY, SUCH AS LIGHT BULBS, RESISTORS, MOTORS, OR
ANY DEVICE THAT CONVERTS ELECTRICAL ENERGY INTO OTHER FORMS OF ENERGY (LIGHT, HEAT, MECHANICAL WORK, ETC.).

4. SWITCH: A SWITCH IS A DEVICE THAT CAN OPEN OR CLOSE THE CIRCUIT, CONTROLLING THE FLOW OF ELECTRICITY. W/ HEN
THE SWITCH IS CLOSED, THE CIRCUIT IS COMPLETE, AND CURRENT FLOWS; WHEN OPEN, THE CIRCUIT IS BROKEN, AND CURRENT
STOPS.

5. RESISTORS: RESISTORS ARE COMPONENTS THAT RESIST THE FLOW OF CURRENT, CONVERTING ELECTRICAL ENERGY INTO HEAT.
THEY ARE USED TO CONTROL THE CURRENT IN A CIRCUIT.



6. CAPACITORS: THESE COMPONENTS STORE ELECTRICAL ENERGY TEMPORARILY AND RELEASE IT WHEN REQUIRED. CAPACITORS
ARE USED IN VARIOUS APPLICATIONS, INCLUDING FILTERING AND TIMING CIRCUITS.

7. INDUCTORS: INDUCTORS STORE ENERGY IN A MAGNETIC FIELD WHEN CURRENT FLOWS THROUGH THEM. THEY ARE COMMONLY
USED IN POWER SUPPLIES AND RADIO FREQUENCY APPLICATIONS.

BAsic CoNcerTs ofF ELecTrIC CIRCUITS

T O UNDERSTAND ELECTRIC CIRCUITS BETTER, IT IS ESSENTIAL TO GRASP SOME FUNDAMENTAL CONCEPTS!

VOLTAGE

\/OLTAGE/ MEASURED IN VOLTS (\/)/ IS THE ELECTRICAL POTENTIAL DIFFERENCE BETWEEN TWO POINTS IN A CIRCUIT. |T SERVES
AS THE DRIVING FORCE THAT PUSHES ELECTRIC CHARGE THROUGH THE CIRCUIT.

CURRENT

CURRENT, MEASURED IN AMPERES (A), IS THE FLOW OF ELECTRIC CHARGE IN A CIRCUIT. |T INDICATES HOW MUCH CHARGE IS
MOVING THROUGH THE CIRCUIT PER UNIT OF TIME. CURRENT CAN BE CLASSIFIED AS:

- DIRecT CURRENT (DC) CURRENT THAT FLOWS IN ONE DIRECTION, COMMONLY FOUND IN BATTERIES.

- ALTERNATING CURRENT (AC) CURRENT THAT PERIODICALLY REVERSES DIRECTION, COMMONLY USED IN HOUSEHOLD POWER
SUPPLIES.

RESISTANCE

RESISTANCE, MEASURED IN OHMS (), IS THE OPPOSITION TO THE FLOW OF CURRENT IN A CIRCUIT. |T IS DETERMINED BY THE
MATERIAL, LENGTH, AND CROSS-SECTIONAL AREA OF THE CONDUCTOR. OHM's LAW, WHICH STATES THAT \( V = | \TiMes R
\), reLaTES voLTAGE (V), cURRENT (1), AND ReSISTANCE (R).

OuM’'s LAw

OHM's LAW IS A FUNDAMENTAL PRINCIPLE IN ELECTRIC CIRCUITS AND CAN BE STATED AS:
\[V=1\TiMes R \]

\¥/HERE:

-\(V \) 1s THe voLTAGE (IN VOLTS),

-\(1'\) 1s THE CURRENT (IN AMPERES),

-\(R \) 1s THE resISTANCE (IN OHMS).

THIS RELATIONSHIP ALLOWS US TO CALCULATE ONE OF THE THREE QUANTITIES IF THE OTHER TWO ARE KNOWN.

APPLICATIONS OF OHM'S LAW

1. CALCULATING CURRENT: IF THE VOLTAGE AND RESISTANCE OF A CIRCUIT ARE KNOWN, THE CURRENT CAN BE CALCULATED AS:



\[1=\rrAc{V}H{R} ]

2. CALCULATING VOLTAGE: IF THE CURRENT AND RESISTANCE ARE KNOWN, VOLTAGE CAN BE DETERMINED AS:
\[V=1\TiMes R \]

3. CALCULATING RESISTANCE: IF THE VOLTAGE AND CURRENT ARE KNOWN, RESISTANCE CAN BE CALCULATED AS:

\[R = \rrac{V}{I} \]

KIRCHHOFF's LAWS

IN ADDITION TO OHM's LAW, KIRCHHOFF'S LAWS ARE CRUCIAL FOR ANALYZING COMPLEX CIRCUITS. THERE ARE TWO PRIMARY
LAWS:

KircHHoFF's CURReNT Law (KCL)

KCL STATES THAT THE TOTAL CURRENT ENTERING A JUNCTION IN AN ELECTRIC CIRCUIT EQUALS THE TOTAL CURRENT LEAVING
THE JUNCTION. THIS LAW IS BASED ON THE PRINCIPLE OF CONSERVATION OF CHARGE.

- EXAMPLE: IF THREE CURRENTS ENTER A JUNCTION (11,12, 13) AND ONE CURRENT LEAVES (14), KCL CAN BE EXPRESSED AS:
\[1T+12+13=14\]

KIRcHHOFF'Ss VoLTAGE Law (KVL)

KVL STATES THAT THE SUM OF THE ELECTRICAL POTENTIAL DIFFERENCES (VOLTAGE) AROUND ANY CLOSED LOOP IN A CIRCUIT
IS EQUAL TO ZERO. THIS LAW IS BASED ON THE PRINCIPLE OF CONSERVATION OF ENERGY.

- EXAMPLE: IN A LOOP WITH A BATTERY AND RESISTORS, IF THE VOLTAGE RISE FROM THE BATTERY (\/) EQUALS THE SUM OF

VOLTAGE DROPS ACROSS THE RESISTORS (V' 1, V2), THEN:
\[V-V1-Vv2=0\]

SerIeEs AND PARALLEL CIRCUITS

ELECTRIC CIRCUITS CAN BE CONFIGURED IN SERIES OR PARALLEL ARRANGEMENTS, EACH WITH DISTINCT CHARACTERISTICS.

Series CIRCUITS

IN A SERIES CIRCUIT, COMPONENTS ARE CONNECTED END-TO-END, AND THE SAME CURRENT FLOWS THROUGH EACH COMPONENT.
KEy FEATURES INCLUDE:

- TOTAL RESISTANCE: THE TOTAL RESISTANCE IN A SERIES CIRCUIT IS THE SUM OF INDIVIDUAL RESISTANCES:
\[R {ToTAL}=RT1+R2+R3+..\]

- VOLTAGE DISTRIBUTION: THE TOTAL VOLTAGE IS DIVIDED AMONG THE COMPONENTS:
\[V_{toTAl}=V1+V2+V3+..\]

- CURRENT: THE CURRENT IS THE SAME THROUGH ALL COMPONENTS:
\[I_{toTtaL}=11=12=13\]



PARALLEL CIRCUITS

IN A PARALLEL CIRCUIT, COMPONENTS ARE CONNECTED ACROSS THE SAME VOLTAGE SOURCE, AND THE CURRENT CAN FLOW
THROUGH MULTIPLE PATHS. KEY FEATURES INCLUDE:

- TOTAL RESISTANCE: THE TOTAL RESISTANCE IN A PARALLEL CIRCUIT IS CALCULATED USING:
\[ \rrAc{THR {T1oTAL}} = \rRAC{1}{R 1} + \rrac{ 1}{R2} + \rrac{1}{R3} + .. \]

- VOLTAGE: THE VOLTAGE ACROSS EACH COMPONENT IS THE SAME:
\[V_{toTtaL}=V1=VvV2=V3\]

- CURRENT DISTRIBUTION: THE TOTAL CURRENT IS THE SUM OF THE CURRENTS THROUGH EACH COMPONENT:
\[1_{ToTal}=11+12+13 +..\]

CoNcLUSION

(UNDERSTANDING THE PRINCIPLES OF ELECTRIC CIRCUITS IS CRUCIAL FOR EFFECTIVELY DESIGNING AND ANALYZING ELECTRONIC
SYSTEMS. BY MASTERING CONCEPTS SUCH AS VOLTAGE, CURRENT, RESISTANCE, OHM's LA\)V, AND KIRCHHOFF'S LA\X/S,
INDIVIDUALS CAN GAIN A SOLID FOUNDATION IN ELECTRICAL ENGINEERING. ADDITIONALLY, RECOGNIZING THE DIFFERENCES BETWEEN
SERIES AND PARALLEL CIRCUITS ALLOWS FOR MORE SOPHISTICATED CIRCUIT DESIGN. W/ ITH THESE PRINCIPLES, ANYONE CAN
START EXPLORING THE EXCITING WORLD OF ELECTRONICS AND APPLY THIS KNOWLEDGE TO REAL-WORLD APPLICATIONS.

FREQUENTLY AskeD QUESTIONS

\WHAT ARE THE BASIC COMPONENTS OF AN ELECTRIC CIRCUIT?

THE BASIC COMPONENTS OF AN ELECTRIC CIRCUIT INCLUDE A POWER SOURCE (LIKE A BATTERY), CONDUCTORS (\X/IRES), A LOAD
(LIKE A RESISTOR OR BULB), AND A SWITCH.

WHAT IS OHM'S LAW AND HOW DOES IT RELATE TO ELECTRIC CIRCUITS?

OHM's LAW STATES THAT THE CURRENT (|) THROUGH A CONDUCTOR BETWEEN TWO POINTS IS DIRECTLY PROPORTIONAL TO
THE VOLTAGE (V) ACROSS THE TWO POINTS AND INVERSELY PROPORTIONAL TO THE RESISTANCE (R), EXPRESSED AS V = IR.

\WHAT IS THE DIFFERENCE BETWEEN SERIES AND PARALLEL CIRCUITS?

IN A SERIES CIRCUIT, COMPONENTS ARE CONNECTED END-TO-END, SO THE SAME CURRENT FLOWS THROUGH ALL COMPONENTS. IN
A PARALLEL CIRCUIT, COMPONENTS ARE CONNECTED ACROSS COMMON POINTS, SO THE VOLTAGE ACROSS EACH COMPONENT IS
THE SAME.

\WHAT DOES THE TERM ‘CONVENTIONAL CURRENT' MEAN?

CONVENTIONAL CURRENT REFERS TO THE FLOW OF POSITIVE CHARGE FROM THE POSITIVE TERMINAL TO THE NEGATIVE TERMINAL
OF A POWER SOURCE, WHICH IS OPPOSITE TO THE ACTUAL FLOW OF ELECTRONS.

How DOES RESISTANCE AFFECT CURRENT IN A CIRCUIT?

RESISTANCE IMPEDES THE FLOW OF CURRENT IN A CIRCUIT, ACCORDING TO OHM's LA\X/, AN INCREASE IN RESISTANCE WILL
RESULT IN A DECREASE IN CURRENT IF THE VOLTAGE REMAINS CONSTANT.



\W/HAT ROLE DO RESISTORS PLAY IN ELECTRIC CIRCUITS?

RESISTORS ARE USED TO CONTROL THE FLOW OF CURRENT, DIVIDE VOLTAGES, AND PROTECT SENSITIVE COMPONENTS BY
LIMITING THE AMOUNT OF CURRENT THAT CAN PASS THROUGH THEM.

WHAT IS KIRCHHOFF'S VoOLTAGE LAW?

KIRCHHOFF'S VOLTAGE LAW STATES THAT THE SUM OF THE ELECTRICAL POTENTIAL DIFFERENCES (VOLTAGE) AROUND ANY
CLOSED CIRCUIT LOOP MUST EQUAL ZERO, MEANING THAT ENERGY SUPPLIED IS EQUAL TO ENERGY CONSUMED.

NWHY IS IT IMPORTANT TO UNDERSTAND THE PRINCIPLES OF ELECTRIC CIRCUITS?

UNDERSTANDING THE PRINCIPLES OF ELECTRIC CIRCUITS IS CRUCIAL FOR DESIGNING, ANALYZING, AND TROUBLESHOOTING
ELECTRICAL SYSTEMS, ENSURING SAFETY, EFFICIENCY, AND FUNCTIONALITY.
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