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W/HEN ANALYZING ELECTRICAL CIRCUITS INVOLVING INDUCTORS, ONE OF THE FUNDAMENTAL QUESTIONS THAT OFTEN ARISES IS:
W/HAT IS THE VOLTAGE ACROSS THE INDUCTOR IMMEDIATELY AFTER THE SWITCH IS CLOSED? THIS MOMENT, OFTEN REFERRED TO
AS THE INITIAL INSTANT, PLAYS A CRUCIAL ROLE IN UNDERSTANDING THE TRANSIENT BEHAVIOR OF CIRCUITS CONTAINING
INDUCTORS. INDUCTORS ARE PASSIVE COMPONENTS THAT OPPOSE CHANGES IN CURRENT FLOW, MAKING THEIR INITIAL VOLTAGE
RESPONSE A KEY FACTOR IN CIRCUIT DESIGN, ANALYSIS, AND TROUBLESHOOTING.

IN THIS COMPREHENSIVE ARTICLE, WE WILL EXPLORE THE BEHAVIOR OF INDUCTORS AT THE INSTANT A SWITCH IS CLOSED,
COVERING THEORETICAL PRINCIPLES, MATHEMATICAL ANALYSIS, PRACTICAL EXAMPLES, AND COMMON MISCONCEPTIONS.
W/HETHER YOU ARE A STUDENT, ENGINEER, OR ENTHUSIAST, THIS GUIDE AIMS TO CLARIFY THE CONCEPTS SURROUNDING
INDUCTOR VOLTAGE RESPONSE IN TRANSIENT STATES.

UNDERSTANDING INDUCTORS AND THEIR FUNDAMENTAL PROPERTIES

BEFORE DIVING INTO THE SPECIFICS OF THE INITIAL VOLTAGE ACROSS AN INDUCTOR, IT IS ESSENTIAL TO REVIEW THE BASIC
PROPERTIES OF INDUCTORS AND HOW THEY BEHAVE IN CIRCUITS.

WHAT Is AN INDUCTOR?

AN INDUCTOR IS A PASSIVE ELECTRICAL COMPONENT THAT STORES ENERGY IN A MAGNETIC FIELD WHEN CURRENT FLOWS
THROUGH IT. |TS PRIMARY CHARACTERISTIC IS INDUCTANCE, DENOTED BY |_/ MEASURED IN HENRYS (H)

KEY FEATURES OF AN INDUCTOR:

- RESISTANCE TO CHANGES IN CURRENT
- OPPOSES SUDDEN VARIATIONS OF CURRENT
- STORES ENERGY IN A MAGNETIC FIELD PROPORTIONAL TO THE CURRENT

THE VoLTAGE-CURRENT RELATIONSHIP OF AN INDUCTOR

THE FUNDAMENTAL EQUATION GOVERNING AN INDUCTOR’S BEHAVIOR IS:

\[
V_L(T) =L \rrac{pol(T)XoT}
\]

\X/HERE:

-\(V_L(T) \) Is THE VOLTAGE ACROSS THE INDUCTOR AT TIME \( T \),
- \(L \) IS THE INDUCTANCE,

= \CI(T) \) Is THE CURRENT THROUGH THE INDUCTOR AT TiME \( T \).

THIS RELATIONSHIP INDICATES THAT THE VOLTAGE ACROSS AN INDUCTOR IS PROPORTIONAL TO THE RATE OF CHANGE OF



CURRENT THROUGH IT.

BEHAVIOR OF INDUCTORS AT THE INSTANT OF SWITCHING

THE TRANSITION FROM ONE CIRCUIT STATE TO ANOTHER WHEN A SWITCH IS CLOSED INTRODUCES TRANSIENT PHENOMENA. THE
INITIAL INSTANT—THE MOMENT JUST AFTER THE SWITCH IS CLOSED—IS OF PARTICULAR INTEREST BECAUSE IT REVEALS THE
INDUCTOR'S RESPONSE TO SUDDEN CHANGES.

THE CONCEPT OF INSTANTANEOUS RESPONSE

AT THE PRECISE MOMENT THE SWITCH IS cLoSED (\( T = 0"+ \)), THE CURRENT THROUGH THE INDUCTOR CANNOT CHANGE
INSTANTANEOUSLY. THIS IS A FUNDAMENTAL PROPERTY DERIVED FROM THE INDUCTOR'S ENERGY STORAGE AND THE NATURE OF
ELECTROMAGNETIC FIELDS.

\W/HY CAN'T CURRENT CHANGE INSTANT ANEOUSLY?

- THE ENERGY STORED IN THE MAGNETIC FIELD IS PROPORTIONAL To \( 172 \).

- AN INSTANTANEOUS CHANGE WOULD REQUIRE INFINITE VOLTAGE, WHICH IS PHYSICALLY IMPOSSIBLE.

- MATHEMATICALLY, BECAUSE \( I(T) \) 1s FiniTe, \( \FrAc{DI}{DT} \) can 8e FNITE, BUT AT \( 7=0"+\), \(I(T) \)
REMAINS THE SAME AS AT \( 7=0"-\).

SUMMARY:

- THE CURRENT THROUGH THE INDUCTOR JUST BEFORE THE SWITCH IS cLoseD (\( 7=0"-\)) 1s \( 1(0"-) \).
- THE CURRENT THROUGH THE INDUCTOR IMMEDIATELY AFTER THE SWITCH IS cLosed (\( T=0"+ \)) remains \( 1(Q"+) =

1(0™-) V).

CALCULATING THE VoLTAGE Across THE INoucTor AT \( T=0"+)

THE KEY QUESTION IS: WHAT IS THE VOLTAGE ACROSS THE INDUCTOR IMMEDIATELY AFTER THE SWITCH IS CLOSED?

THIS DEPENDS ON THE CIRCUIT CONFIGURATION AND INITIAL CONDITIONS.

GENERAL APPROACH TO THE CALCULATION

1. DETERMINE THE INITIAL CURRENT \( 1(0”"-) \): FIND THE CURRENT THROUGH THE INDUCTOR BEFORE THE SWITCH IS CLOSED.
2. APPLY THE INDUCTOR VOLTAGE-CURRENT RELATIONSHIP: \( V_L(0"+) =L \rrac{plHpoT} \) AT \( 7=0"+ ).
3. UsE circuIT LAWS: KiRcHHOFF'S VoLTAGE Law (KVL) anp KircHHoFF's CURRENT Law (KCL) To FIND THE VOLTAGE AT

\(7=0"+\).

SINCE THE CURRENT CANNOT CHANGE INSTANTANEOUSLY, THE INITIAL CURRENT REMAINS THE SAME, BUT THE VOLTAGE ACROSS
THE INDUCTOR MAY BE VERY LARGE, THEORETICALLY APPROACHING INFINITY IF THE CURRENT CHANGE IS ABRUPT.



Key RESULTS AND PRINCIPLES

- AT THE EXACT INSTANT AFTER CLOSING THE SWITCH (\( T=0"+\)), THE currenT \( I(0"+) = 1(0™-) \).

- THE VOLTAGE ACROSS THE INDUCTOR AT \( T=0"+\), \( V_L(0"+) \), CAN BE VERY LARGE IF THE CURRENT IS TRYING TO
CHANGE RAPIDLY.

- In1DEAL clrcuITs (No ResISTANCE), \( V_L(0"+) \) CAN APPROACH INFINITY, REPRESENTING AN INSTANTANEOUS VOLTAGE
SPIKE.

IMPORTANT: REAL CIRCUITS HAVE PARASITIC RESISTANCES THAT LIMIT THE VOLTAGE SPIKE, BUT THEORETICALLY, THE
VOLTAGE CAN BE EXTREMELY HIGH AT THE INSTANT JUST AFTER SWITCHING.

ANALYZING SPeCIFIC CIRcUIT EXAMPLES

EXAMINING PARTICULAR CIRCUIT CONFIGURATIONS HELPS CLARIFY THE CONCEPTS AND CALCULATIONS.

ExAMPLE 1: INDUCTOR IN SERIES WITH A BATTERY AND SWITCH

CIRCUIT DESCRIPTION:

- Aresistor \(R\), an inoucTor \(L \), ano A DC voLTAGE source \( V \).
- THE SWITCH CONNECTS THE CIRCUIT AT \( =0 \).

INITIAL CONDITIONS:
- BEFORE CLOSING THE SWITCH, THE INDUCTOR CURRENT 1S zero (\( I(0™-) =0 \)).
AT\ T=0"+\):

- THe currenT ReMAINS \( O \) (\(I(0O™+) = 0 \)) BECAUSE CURRENT CANNOT CHANGE INSTANTANEOUSLY.
- THE VOLTAGE ACROSS THE INDUCTOR:

\[
V_LO*™+)=V-R\tmMes I(0"+) =V -0=V
\]

INTERPRETATION:

- THE INDUCTOR EXPERIENCES THE FULL SUPPLY VOLTAGE IMMEDIATELY AFTER SWITCHING.
- THE CURRENT BEGINS TO INCREASE GRADUALLY ACCORDING TO THE CIRCUIT’S TIME CONSTANT.

ExAMPLE 2: INDUCTOR IN A CIRCUIT WITH A STEP CHANGE IN VOLTAGE

SCENARIO:

- A CIRCUIT WITH AN INDUCTOR AND A STEP VOLTAGE \( V_s \) appLieD AT \( 7=0 \).
- INIT1AaL cUrrenT \( 1(0*-) =1_0\).

ANALYSIS:



- THE INITIAL VOLTAGE ACROSS THE INDUCTOR IS:

\[

V_L(0™)=V_s-R\mimes |_0
\]

-IF\C1_0=0), THen:

\[

V_ L(O0") =V s

\]

-1F\(1_O \NeQ O \), THE VOLTAGE ACCOUNTS FOR THE EXISTING CURRENT.

TRANSIENT ResPONSE AND TIME DOMAIN ANALYSIS

(UNDERSTANDING THE VOLTAGE ACROSS THE INDUCTOR IMMEDIATELY AFTER SWITCHING IS PART OF THE BROADER TRANSIENT
RESPONSE ANALYSIS.

MATHEMATICAL SOLUTION FOR INDUCTOR VOLTAGE

THE GENERAL SOLUTION INVOLVES SOLVING DIFFERENTIAL EQUATIONS BASED ON CIRCUIT CONFIGURATIONS:

\[
L \rrac{ol(T)}oT} + R I(T) = V(T)
\]

- FOR STEP INPUTS AND INITIAL CONDITIONS, SOLUTIONS OFTEN TAKE EXPONENTIAL FORMS.
- THE INITIAL VOLTAGE ACROSS THE INDUCTOR IS DETERMINED BY THE INITIAL CURRENT AND CIRCUIT PARAMETERS.
KeyY POINTS:

- THE INITIAL VOLTAGE CAN BE VERY HIGH, ESPECIALLY IN THE ABSENCE OF RESISTANCE.
- THE VOLTAGE DECAYS OVER TIME AS THE CURRENT APPROACHES ITS STEADY-STATE VALUE.

TiME CONSTANT AND VOLTAGE DECAY

- THE CIRCUIT’S TIME CONSTANT:

\[
\Tau = \rrac{L}{R}
\]

- THE VOLTAGE ACROSS THE INDUCTOR DURING TRANSIENT:

\[
V_L(T) =V \1iMes eM{-\rrac{TH\TAU}}
\]

- AT \(T=0"+\):



\l

V_L(0™) = \TeXT{INITIAL VOLTAGE, POTENTIALLY VERY LARGE}

\]

PrACTICAL CONSIDERATIONS AND REAL-\WORLD LIMITATIONS

W/HILE THEORETICAL ANALYSIS PREDICTS INFINITE VOLTAGE SPIKES, REAL=WORLD CIRCUITS ARE LIMITED BY PARASITIC
RESISTANCES, COMPONENT TOLERANCES, AND DIELECTRIC BREAKDOWN.

PRACTICAL IMPLICATIONS:

- SNUBBER CIRCUITS ARE USED TO LIMIT VOLTAGE SPIKES.
- FREEWHEELING DIODES PROVIDE SAFE PATHS FOR CURRENT WHEN SWITCHING INDUCTIVE LOADS.
- TRANSIENT SUPPRESSION DEVICES PROTECT SENSITIVE COMPONENTS.

SUMMARY OF KEY POINTS

- THE VOLTAGE ACROSS AN INDUCTOR IMMEDIATELY AFTER THE SWITCH IS CLOSED IS DETERMINED BY INITIAL CIRCUIT
CONDITIONS.

- THE CURRENT THROUGH THE INDUCTOR CANNOT CHANGE INSTANTANEOUSLY;, IT REMAINS AT ITS PREVIOUS VALUE AT \(
T=0"+\).

- THE VOLTAGE ACROSS THE INDUCTOR AT \( T=0"+ \) CAN BE EXTREMELY HIGH, THEORETICALLY APPROACHING INFINITY IN
IDEAL CONDITIONS.

- THE INITIAL VOLTAGE DEPENDS ON THE CIRCUIT CONFIGURATION AND THE EXISTING CURRENT BEFORE SWITCHING.

- OVER TIME, THE VOLTAGE AND CURRENT EVOLVE ACCORDING TO THE CIRCUIT’S DIFFERENTIAL EQUATIONS AND TIME
CONSTANTS.

CONCLUSION

(UNDERSTANDING THE BEHAVIOR OF INDUCTORS AT THE MOMENT OF SWITCHING IS FUNDAMENTAL FOR DESIGNING RELIABLE AND
SAFE ELECTRICAL SYSTEMS. RECOGNIZING THAT THE VOLTAGE CAN SPIKE DRAMATICALLY AT \( T=0"+ \), ENGINEERS
INCORPORATE PROTECTIVE MEASURES AND CONSIDER NON-IDEAL FACTORS TO MITIGATE POTENTIAL ISSUES. BY APPLYING
CIRCUIT

FREQUENTLY AskeD QUESTIONS

\W/HAT IS THE INITIAL VOLTAGE ACROSS AN INDUCTOR IMMEDIATELY AFTER THE SWITCH
IS CLOSED?

IMMEDIATELY AFTER THE SWITCH IS CLOSED, THE VOLTAGE ACROSS THE INDUCTOR IS EQUAL TO THE APPLIED VOLTAGE
BECAUSE THE CURRENT THROUGH THE INDUCTOR INITIALLY CANNOT CHANGE INSTANTANEOUSLY, RESULTING IN THE MAXIMUM
VOLTAGE ACROSS IT.



How DOES THE INDUCTOR’S VOLTAGE BEHAVE INSTANTLY AFTER SWITCHING ON THE
CIRCUIT?

AT THE EXACT MOMENT THE SWITCH IS CLOSED, THE INDUCTOR'S VOLTAGE IS AT ITS PEAK, EQUAL TO THE SUPPLY VOLTAGE,
AND THEN IT GRADUALLY DECREASES AS CURRENT BUILDS UP OVER TIME.

\W/HY DOES THE INDUCTOR OPPOSE SUDDEN CHANGES IN CURRENT WHEN THE SWITCH IS
CLOSED?

BECAUSE AN INDUCTOR OPPOSES ANY INSTANTANEOUS CHANGE IN CURRENT BY DEVELOPING A VOLTAGE PROPORTIONAL TO THE
RATE OF CHANGE OF CURRENT, WHICH IS MAXIMUM AT THE INSTANT THE SWITCH IS CLOSED.

WHAT IS THE MATHEMATICAL EXPRESSION FOR THE VOLTAGE ACROSS AN INDUCTOR AT
THE INSTANT JUST AFTER CLOSING THE SWITCH?

V_L(O"‘) = V_S, \WHERE V_S IS THE SUPPLY VOLTAGE, ASSUMING NO INITIAL CURRENT, INDICATING THE ENTIRE VOLTAGE
APPEARS ACROSS THE INDUCTOR AT THAT MOMENT.

How DOES THE INITIAL VOLTAGE ACROSS THE INDUCTOR RELATE TO THE CIRCUIT
COMPONENTS AT THAT INSTANT?

THE INITIAL VOLTAGE ACROSS THE INDUCTOR EQUALS THE TOTAL APPLIED VOLTAGE IN THE CIRCUIT, SINCE THE CURRENT IS
INITIALLY ZERO AND THE INDUCTOR ACTS LIKE AN OPEN CIRCUIT AT THAT MOMENT.

\WHAT FACTORS DETERMINE THE VOLTAGE ACROSS THE INDUCTOR IMMEDIATELY AFTER
CLOSING THE SWITCH?

THE APPLIED SUPPLY VOLTAGE AND THE INITIAL CURRENT STATE OF THE INDUCTOR DETERMINE THE INITIAL VOLTAGE ACROSS IT,
WHICH IS TYPICALLY EQUAL TO THE SUPPLY VOLTAGE IF THE INDUCTOR HAS NO INITIAL CURRENT.

How DOES THE INDUCTOR’S VOLTAGE CHANGE OVER TIME AFTER THE SWITCH IS
CLOSED?

THE VOLTAGE ACROSS THE INDUCTOR DECREASES EXPONENTIALLY AS THE CURRENT INCREASES AND APPROACHES A STEADY-
STATE VALUE DETERMINED BY THE CIRCUIT, EVENTUALLY DROPPING TO ZERO IN DC STEADY STATE.

WHAT IS THE SIGNIFICANCE OF THE INDUCTOR’S VOLTAGE AT THE MOMENT IMMEDIATELY
AFTER SWITCHING ON?

IT SIGNIFIES THE INDUCTOR’'S OPPOSITION TO SUDDEN CURRENT CHANGE, RESULTING IN THE MAXIMUM VOLTAGE ACROSS IT AT
THAT INSTANT, WHICH GRADUALLY DIMINISHES AS THE CURRENT STABILIZES.

IN WHAT WAY DOES THE INDUCTOR’S INITIAL VOLTAGE INFLUENCE THE CURRENT IN THE
CIRCUIT?

THE INITIAL VOLTAGE ACROSS THE INDUCTOR DETERMINES HOW QUICKLY THE CURRENT BEGINS TO INCREASE; A HIGHER INITIAL
VOLTAGE CAUSES A FASTER RATE OF CURRENT CHANGE.

CAN THE VOLTAGE ACROSS THE INDUCTOR BE GREATER THAN THE SUPPLY VOLTAGE AT



ANY MOMENT?

IN IDEAL CIRCUITS, THE VOLTAGE ACROSS THE INDUCTOR IMMEDIATELY AFTER SWITCHING CAN EQUAL THE SUPPLY VOLTAGE,
BUT IN REAL CIRCUITS, VOLTAGE SPIKES MAY OCCUR DUE TO PARASITIC INDUCTANCES AND CIRCUIT TRANSIENTS.

ADDITIONAL RESOURCES

INDUCTOR VOLTAGE: UNDERSTANDING THE INSTANTANEOUS VOLTAGE ACROSS AN INDUCTOR WHEN THE SwITCH |Is CLOSED

\/HEN EXPLORING THE FASCINATING WORLD OF ELECTRICAL COMPONENTS, THE INDUCTOR STANDS OUT AS A DEVICE THAT
EMBODIES THE PRINCIPLES OF ELECTROMAGNETIC INDUCTION AND ENERGY STORAGE. ONE OF THE MOST INTRIGUING MOMENTS IN
CIRCUIT ANALYSIS INVOLVES OBSERVING WHAT HAPPENS AT THE VERY INSTANT A SWITCH IS CLOSED IN A CIRCUIT WITH AN
INDUCTOR. SPECIFICALLY, UNDERSTANDING WHAT IS THE VOLTAGE ACROSS THE INDUCTOR IMMEDIATELY AFTER THE SWITCH IS
CLOSED IS ESSENTIAL FOR ENGINEERS, STUDENTS, AND HOBBYISTS ALIKE. THIS ARTICLE OFFERS AN IN-DEPTH EXAMINATION OF
THIS PHENOMENON, COMBINING THEORETICAL INSIGHTS WITH PRACTICAL IMPLICATIONS.

FUNDAMENTALS OF THE INDUCTOR

BEFORE DIVING INTO THE TRANSIENT BEHAVIOR AT THE MOMENT OF SWITCHING, IT’S CRUCIAL TO UNDERSTAND WHAT AN
INDUCTOR IS AND HOW IT FUNCTIONS WITHIN A CIRCUIT.

\WHAT Is AN INDUCTOR?

AN INDUCTOR IS A PASSIVE ELECTRICAL COMPONENT MADE OF A COIL OF WIRE, OFTEN WRAPPED AROUND A CORE MATERIAL
SUCH AS IRON OR FERRITE. ITS PRIMARY CHARACTERISTIC IS ITS ABILITY TO OPPOSE CHANGES IN CURRENT FLOWING THROUGH IT,
A PROPERTY KNOWN AS INDUCTANCE, SYMBOLIZED BY L (MEASURED IN HENRYS, H)

KEY FEATURES OF AN INDUCTOR:

- ENERGY STORAGE: STORES ENERGY IN ITS MAGNETIC FIELD WHEN CURRENT FLOWS THROUGH IT.
- OpposITION TO CURRENT CHANGE: OPPOSES SUDDEN CHANGES IN CURRENT, LEADING TO TRANSIENT PHENOMENA.
- VOLTAGE-CURRENT RELATIONSHIP: DEFINED BY THE FUNDAMENTAL EQUATION:

\[
V_L(T) =L \rrac{ol(T)}{bT}
\]

WHERE:
- \(V_L(T)\) IS THE VOLTAGE ACROSS THE INDUCTOR AT TIME \(T\),

- \(I(T)\) IS THE CURRENT FLOWING THROUGH THE INDUCTOR AT TIME \(T\),
- \(\rrAc{pI(T)HDT}\) IS THE RATE OF CHANGE OF CURRENT.

ENERGY STORAGE AND MAGNETIC FIELDS

AN INDUCTOR STORES ENERGY IN ITS MAGNETIC FIELD, GIVEN BY:

\[
E=\rrAac{13}{23}LI"2



\]

THIS ENERGY STORAGE CAPABILITY MEANS THAT AN INDUCTOR RESISTS INSTANTANEOUS CHANGES IN CURRENT, WHICH HAS
CRITICAL IMPLICATIONS WHEN SWITCHING CIRCUITS ARE INVOLVED.

ANALYZING THE CIRCUIT AT THE INSTANT OF SwITCH CLOSURE

THE CORE QUESTION IS: WHAT IS THE VOLTAGE ACROSS THE INDUCTOR JUST AFTER THE SWITCH IS CLOSED? TO ANSWER
THIS, WE ANALYZE THE CIRCUIT BEHAVIOR IMMEDIATELY BEFORE AND AFTER THE SWITCH IS OPERATED.

INITIAL CONDITIONS AND ASSUMPTIONS

FOR A MEANINGFUL ANALYSIS, CONSIDER A TYPICAL CIRCUIT:

- A DC voLTAGE source \(V_s\),

- AninoucTor \(L)),

- A switcH \(S)),

- RESISTORS OR OTHER COMPONENTS AS NEEDED.

KEY ASSUMPTIONS INCLUDE:

- THE INITIAL CURRENT THROUGH THE INDUCTOR BEFORE CLOSING THE SWITCH IS KNOWN (OFTEN ZERO IF THE CIRCUIT WAS AT
REST).

- THE CIRCUIT COMPONENTS ARE IDEAL (NO PARASITIC RESISTANCES UNLESS SPECIFIED).
- THE SWITCHING OCCURS INSTANTANEOUSLY, WITH NO TIME DELAY.

THe MOMENT JusT Berore SwITCH CLOSURE

SUPPOSE THE INDUCTOR HAS BEEN IN A STEADY STATE WITH THE SWITCH OPEN, MEANING!:

- No CURRENT FLOWS THROUGH THE INbucTor (\(I_{inTiaL} = 0))),
- THE MAGNETIC FIELD AROUND THE INDUCTOR IS ZERO.

THIS INITIAL CONDITION IS CRUCIAL BECAUSE THE INDUCTOR'S CURRENT CANNOT CHANGE INSTANTANEOUSLY, IT MUST BE
CONTINUOUS. THIS CONTINUITY OF CURRENT IS A FUNDAMENTAL PROPERTY DERIVED FROM THE INDUCTOR'S ENERGY STORAGE.

THeE MOMENT JusT AFTER SWITCH CLOSURE

AT THE PRECISE INSTANT IMMEDIATELY AFTER CLOSING THE SWITCH:

- THE CURRENT THROUGH THE INDUCTOR MUST REMAIN THE SAME AS JUST BEFORE SWITCHING (\(I_{INSTANTANEOUS} =

I_{nTmiaL}\)),

- THE INDUCTOR OPPOSES ANY SUDDEN CHANGE IN CURRENT BY GENERATING A VOLTAGE.
THIS LEADS TO A CRITICAL INSIGHT:
> THE VOLTAGE ACROSS THE INDUCTOR AT THE INSTANT OF SWITCH CLOSURE IS DETERMINED BY THE CURRENT CHANGE, WHICH

IS ZERO AT THAT EXACT MOMENT, IMPLYING THE INDUCTOR’S VOLTAGE WILL BE AT ITS MAXIMUM TO OPPOSE ANY SUDDEN
CHANGE.



MATHEMATICAL EXPLANATION OF THE VOLTAGE ACROSS THE INDUCTOR

TO QUANTIFY THIS, WE ANALYZE THE DIFFERENTIAL EQUATION GOVERNING THE CIRCUIT.

APPLYING KIRCHHOFF's VoLTAGE Law (KVL)

IN A SIMPLE SERIES CIRCUIT WITH A VOLTAGE SOURCE \(V_s\) anp AN INnoucTor \(L\), THE KVL STATES:

\[

V_s=V_L(T)+ V_R(T)

\]

wHERE \(V_R(T)\) ACCOUNTS FOR ANY RESISTIVE ELEMENTS. FOR AN IDEAL INDUCTOR WITH NO RESISTANCE:
\[

V. s=V_L(T)

\]

THE INDUCTOR’'S VOLTAGE RELATES TO THE CURRENT AS:

\[

V_L(T) =L \rrac{pl(T)}oT}

\]

\WHEN THE SWITCH IS SUDDENLY CLOSED AT \(T=0\), THE cURRENT \(I(T)\) JUST AFTER SWITCHING IS:
\[

1[(0™+) = 1(0"-)

\]

BECAUSE THE CURRENT CANNOT CHANGE INSTANTANEOUSLY, IF THE INITIAL CURRENT WAS ZERO, IT REMAINS ZERO IMMEDIATELY
AFTER SWITCHING.

INITIAL VOLTAGE ACROSS THE INDUCTOR

Given THAT THE CURRENT \(I(T)\) 1s consTANT AT \(T=0"+\), THe perivATIVE \(\FRAC{DI}{DT}\) BECOMES
THEORETICALLY INFINITE, LEADING TO:

\[
V_L(0™) =L \1iMes \TexT{INFINITE}
\]

WHICH INDICATES THAT THE VOLTAGE ACROSS THE INDUCTOR MUST BE VERY LARGE (PRACTICALLY, LIMITED BY PARASITIC
ELEMENTS OR CIRCUIT CONSTRAINTS).

IN AN IDEAL SCENARIO:

\[
V_L(0™) = V_s
\]



THIS MEANS THE INDUCTOR INITIALLY BEHAVES LIKE AN OPEN CIRCUIT, WITH THE ENTIRE SOURCE VOLTAGE APPEARING ACROSS
IT.

PHYSICAL INTUITION AND PRACTICAL SIGNIFICANCE

\/HILE THE MATHEMATICAL ABSTRACTION SUGGESTS AN INFINITE VOLTAGE, REAL-WORLD FACTORS PREVENT SUCH DIVERGENCE.
THESE INCLUDE:

- PARASITIC RESISTANCES,
- NON-IDEAL INDUCTORS WITH SOME SERIES RESISTANCE,
- THE FINITE BANDWIDTH OF COMPONENTS AND SWITCHING DEVICES.

HO\X/EVER, THE KEY TAKEAWAY REMAINS:

> |[MMEDIATELY AFTER SWITCHING, THE VOLTAGE ACROSS THE INDUCTOR IS AT ITS MAXIMUM, OFTEN APPROACHING THE SUPPLY
VOLTAGE, BECAUSE THE INDUCTOR OPPOSES ANY SUDDEN CHANGE IN CURRENT.

SUMMARY OF KEY POINTS

- AT THE EXACT MOMENT OF SWITCH CLOSURE:

- THE CURRENT THROUGH THE INDUCTOR REMAINS UNCHANGED.

- THE VOLTAGE ACROSS THE INDUCTOR REACHES ITS PEAK VALUE, APPROXIMATELY EQUAL TO THE SOURCE VOLTAGE IF THE
INITIAL CURRENT WAS ZERO.

- THE INDUCTOR ACTS LIKE AN OPEN CIRCUIT AT THAT INSTANT, PREVENTING ANY IMMEDIATE CHANGE IN CURRENT.

- MATHEMATICALLY:

\[
V_{L}0"+) =V_s
\]

- PHYSICALLY:

- THE INDUCTOR GENERATES A LARGE BACK EMF (ELECTROMOTIVE FORCE), WHICH OPPOSES THE SUDDEN INCREASE IN CURRENT.
- THIS TRANSIENT VOLTAGE CAN BE VERY HIGH, OFTEN NECESSITATING PROTECTIVE COMPONENTS LIKE SNUBBERS OR RESISTORS.
- IN CIRCUITS WITH INITIAL CURRENT:

- THE INITIAL VOLTAGE ACROSS THE INDUCTOR IS PROPORTIONAL TO THE RATE OF CHANGE OF CURRENT, WHICH CAN BE FINITE IF
THE CURRENT IS CHANGING.

IMPLICATIONS FOR CIRCUIT DESIGN AND SAFETY

UNDERSTANDING THE VOLTAGE ACROSS AN INDUCTOR IMMEDIATELY AFTER SWITCHING IS VITAL FOR:
- DESIGNING ROBUST CIRCUITS THAT CAN WITHSTAND HIGH TRANSIENT VOLTAGES.
- PREVENTING COMPONENT DAMAGE BY INCORPORATING PROTECTIVE ELEMENTS.

- PREDICTING TRANSIENT BEHAVIORS IN POWER ELECTRONICS, SWITCHING REGULATORS, AND COMMUNICATION SYSTEMS.

PRACTICAL TIPS INCLUDE:



- USING SNUBBER CIRCUITS OR TV'S (TRANSIENT VOLTAGE SUPPRESSORS) TO CLAMP HIGH VOLTAGES.
- ENSURING SWITCHES AND SWITCHES' RATINGS CAN HANDLE THE MAXIMUM TRANSIENT VOLTAGES.
- INCORPORATING RESISTIVE ELEMENTS TO LIMIT INRUSH CURRENTS AND VOLTAGE SPIKES.

CoNCLUSION

THE INSTANTANEOUS VOLTAGE ACROSS AN INDUCTOR IMMEDIATELY AFTER A SWITCH IS CLOSED IS A FUNDAMENTAL CONCEPT IN
CIRCUIT ANALYSIS, EMBODYING THE INDUCTOR'S RESISTANCE TO SUDDEN CHANGES IN CURRENT. AT THIS CRITICAL MOMENT, THE
INDUCTOR GENERATES A MAXIMUM VOLTAGE—OFTEN APPROACHING THE SUPPLY VOLTAGE—TO PREVENT AN ABRUPT INCREASE
IN CURRENT. THIS PHENOMENON UNDERSCORES THE IMPORTANCE OF CONSIDERING TRANSIENT EFFECTS IN CIRCUIT DESIGN, ENSURING
SAFETY, RELIABILITY, AND OPTIMAL PERFORMANCE.

BY UNDERSTANDING THESE PRINCIPLES, ENGINEERS AND ENTHUSIASTS CAN BETTER PREDICT CIRCUIT BEHAVIOR DURING SWITCHING
EVENTS, DESIGN PROTECTIVE MEASURES, AND APPRECIATE THE ELEGANT INTERPLAY BETWEEN ENERGY STORAGE AND
ELECTROMAGNETIC INDUCTION INHERENT IN INDUCTORS.

IN ESSENCE, THE VOLTAGE ACROSS THE INDUCTOR RIGHT AFTER CLOSING THE SWITCH IS INITIALLY EQUAL TO THE SOURCE
VOLTAGE (ASSUMING ZERO INITIAL CURRENT), AND IT GRADUALLY DECREASES AS THE CURRENT BUILDS UP OVER TIME. THIS
TRANSIENT RESPONSE IS A CORNERSTONE OF ELECTRICAL ENGINEERING, ILLUSTRATING THE DYNAMIC NATURE OF INDUCTORS IN
REAL-WORLD CIRCUITS.

What Is The Voltage Across The Inductor In The Instant Just
After The Switch Is Closed Use The Following

What Is The Voltage Across The Inductor In The Instant Just After The Switch Is Closed Use The
Following

Related Articles

e Advances In Biotechnology Have Given Us Genetically Modified Tomatoes That Can Survive
Shipping And Arrive
e Was Rights Violated? And What Was The Right Thing To Do?SituationMrs. Cress Is The Patient

Of A Physician
e The Horizontal Axis Is L.abeled Y Prime's Prices. Prices Marked On The Horizontal Axis From

Left To Right:

Back to Home


https://sip.evo9x.com/ma39/what-is-the-voltage-across-the-inductor-in-the-instant-just-after-the-switch-is-closed-use-the-following.pdf
https://sip.evo9x.com/ma39/what-is-the-voltage-across-the-inductor-in-the-instant-just-after-the-switch-is-closed-use-the-following.pdf
https://sip.evo9x.com/ma39/advances-in-biotechnology-have-given-us-genetically-modified-tomatoes-that-can-survive-shipping-and-arrive.pdf
https://sip.evo9x.com/ma39/advances-in-biotechnology-have-given-us-genetically-modified-tomatoes-that-can-survive-shipping-and-arrive.pdf
https://sip.evo9x.com/ma39/was-rights-violated-and-what-was-the-right-thing-to-do-situationmrs-cress-is-the-patient-of-a-physician.pdf
https://sip.evo9x.com/ma39/was-rights-violated-and-what-was-the-right-thing-to-do-situationmrs-cress-is-the-patient-of-a-physician.pdf
https://sip.evo9x.com/ma39/the-horizontal-axis-is-labeled-y-prime-s-prices-prices-marked-on-the-horizontal-axis-from-left-to-right.pdf
https://sip.evo9x.com/ma39/the-horizontal-axis-is-labeled-y-prime-s-prices-prices-marked-on-the-horizontal-axis-from-left-to-right.pdf
https://sip.evo9x.com

