PHYSICS FOR ENGINEERING STUDENTS
Problem-Solving Methods in Physics

" LECTURE 9

Electric Circuits

From Voltage to Current

r ™

@/ Today’s Goals

e Understand Ohm’s law

e Analyze series and parallel circuits

e Apply Kirchhoff’s laws

e Solve simple circuit problems

Department of Physics S/ Understand the physics.
ks University (g Master the problem-solving.
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Problem-Solving Methods in Physics

From Electric Fields to Circuits
What Makes Charges Move?

Potential difference Charge motion Electric current

o What we already know 9 What happens when we close the circuit? 9 The new idea

Potential difference V Open circuit (switch open]

= °—| | r
A battery creates a difference in 4 . Electric Current
electric potential between its terminals. = E Mol Zhinges
]J electric current
(+ ) ] F I { = ) Close the switch
L 3 1
Closed circuit (switch closed) -
YV = AV [ G— o | L—n]
4 : .
140 | Current is the flow of electric charge
Voltage provides the “push”. x| through a conductor.
T
; s s ? 2
Think First A battery is connected to a resistor, but the switch is open. Voltage Current?
| m |
Is there a voltage? Is there a current? YES NO

Department of Physics F ) Understand the physics.

University ok & ) Master the problem-solving.
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What Is Electric Current? [ g rhysical Meaning

Electric Current = Rate of Ch arge Flow Current tells us how much electric charge
passes a point per unit time.

At

M "y
“_ 1A =1 CZS _‘ How much charge
) passes here in 1 second?
Simple Example Important: Direction 8
6C Conventional current Electron motion
If AQQ = 6 C passes a point = T 7 e
in At = 2 s, then | ). > <
I=3A defined as the direction of in a metal is in the
\ J positive charge flow. opposite direction.
Mhiini Eiret If twice as much charge passes the same point @ fibadves o It stays :.-'C ) it deablas
in the same time, what happens to the current? the same N
O Key Message More charge per second = larger current

Department of Physics EA __ Understand the physics.

University (et _' Master the problem-solving.
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Problem-Solving Methods in Physics

Does Current Get Used Up?

Current Is NOT Consumed by a Resistor

Think First

What happens to the current after it

I I passes through the resistor?
I < 2 A — some current was used up
Resistor @
Tetore (load) I aft??r @ I = 0 — the resistor consumed the current
=2A =4 @ I = 2 A — the current is unchanged
a a ; — | Ivetore = Iafter |

I before — Lafter — 2 A

A Simple Analogy
3
So What IS Used? Water in — turbine — water out

_ In a resistor: :
X Charge is not consumed —WW— electrical energy —» thermal energy ﬂ _
s (heat)
/. Current is not consumed . , The water does not disappear. g
V' Electrical . — 7 in-a hgnt bulb: The turbine takes energy from the flowing water.
ectrical energy is transfe % electrical energy —»  light + heat
Charge in — resistor — charge out
m Key Physical Idea Current is not consumed,; electrical energy is transferred.

ﬂ Department of Physics < o) Understand the physics.
aans University ( F) Master the problem-solving.
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What Is Electrical Resistance?

Resistance Opposes Current Flow

: ) |
If current is not “used up” in a resistor, what does the resistor do? ( VVVV by || * FoEagiveholiegs ¥,

: a larger resistance Rt
& It makes it harder for current to flow. &
— smaller current I,

A Simple Picture * Resistance sets how
much current can flow.

Low resistance (easy path) VS, High resistance (narrow path)
.'i';l ’ o =, = - .
Y Q.. J_JO!J,O 50 Cmp J s — o O e R has units of ohms (£2).
Symbol: R
Lots of charge can pass. Fewer charge can pass.
Large current for a given voltage. Smaller current for the same voltage.

Key Takeaways

Materials scatter charge carriers as they move.
More scattering — more opposition — higher resistance.

Resistance does not use up current.

It opposes the flow of charge.

@ For the same voltage, higher resistance

| l.c._iw resistance material O e ng_j_h resistance Titftlal means lower current.
' R SeRe

3 Collision / scattering

y

Resistance depends on the material and

Few collisions Many collisions the geometry of the conductor.
Think First If we double the resistance of a resistor while keeping the @ It doub o It stays / (__ It becomes
1T Filo A ouples \ N
voltage across it the same, what happens to the current? the same " half as much

Department of Physics ) Understand the physics.

University &% Master the problem-solving.
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Whv Do We Need Resistors?

Resistance Gives Us Contrpl

Resistors control how much current flows in a circuit.

€@ Without a Resistor @ Add a Resistor 9 Resistance Can Also Be Useful

I too large | SSS Heating element
electrical energy — heat

—
1
R T = T J, ‘ “ I" | Light / electronics
\_i# / control current
LED
=P Current is limited. (=2S0\  Variable resistor
A LED may be damaged f (0\
_ : = LED operates safely. adjust current

Engineering Question

Key Takeaway

Ci:;\'-l;: A Which circuit has the larger current? Circuit B
( [ | By choosing the right
R (small Circuit A : .
el e l / R (large) 1 .y~ resistance, we can set and
= Why? control the current in a circuit.
LED | smaller resistance = larger current LED

Can we predict exactly how much current will flow? |_' YES | — Ohm's Law i V =IR )

University ( Master the problem-solving.

@E ﬁ Department of Physics : Understand the physics.
(111
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, L] L]
Ohm’s Law: The Fundamental Relationship IEEREIIZNENENS
It connects voltage, current, and resistance. ‘ F_f”ﬂfﬁg‘i‘lgf‘amr ars valtage
V — voltage (potential difference) [volt, V] « For a given voltage, more resistance
, v — I R I — current [ampere, A] — less current.
R — resistance [ohm, (1] ¢ Ohm's Law is valid for many (not all)

materials and devices.

e r—— _

Visualize Ohm's Law

Solve for current Solve for voltage Solve for resistance
V y V The resistor “uses”
I = 7 V =1IR R = 7 l _____ electrical energy,

) ] ) ) ) ] ] ‘|‘ but the current is the
Current increases with 1V Voltage increases with [ Resistance increases with V a same everywhere
and decreases with R. and with R. and decreases with I. "4 in this simple

o o = e
l series circuit.
Numbers in Action (Example) S __ N [ A Ot e Ly latee
R =100 Given: V = 12 V across the resistor, V,I,and R
R =100%0
Find: T Think First
Solution: I = — = —— =0.12A _ ‘
R 100 & A 10 V battery is connected across a resistor. @ @

Ohm’s Law is one of the most important tools in circuit analysis.
It allows us to predict how voltage, current, and resistance are connected.

AT
& 2
.0 Key Message

Department of Physics ) Understand the physics.

University ' ) Master the problem-solving.
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Voltage, Current and Resistance: Units

j'hree Quantities — Three Units

LY ) L (R )
Voltage / Potential difference Electric current ___ Electrical resistance
[ I [ i . r
Unit: - volt (V) J il Unit: ampere (A) ‘ "'— [ Unit: ohm (£2)
e l-. ’ :
—@— vV From Ohm's Law:
Physical meaning: Physical meaning: ! "
Energy transferred per unit charge Charge passing per unit time l R = ==
f 1V = 1 J/C J 1A= T C/S Th.grefore:_ -
- - - (1@ =1v/A |
f _ Connect the Three | = Quick Unit Check
Voltage V o Resistance R
drives y | YV = I R | 4 s limits V=1TR
§ e N V
AxQ=Ax — =V
Current I :
"3-'. flows Consistent units — correct relationship
Yy : Ok Lo = . : -
Ry Problem-Solving Habit @j Always write the unit — the unit is part of the answer.

i. i Department of Physics j Understand the physics.
11

University i Master the problem-solving.
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Series and Parallel Circuits

Two Ways to Connect Components

R,

g 3 X_L"I:i '

ONE PATH MORE THAN ONE PATH

Current has only one possible path through the circuit. Current can choose different paths

To pass through H3, the current must first pass through R;.

9 The circuit contains branches.

(

L Bif -0 = | Think First |
J L - Does all the current have to pass

through both ; and R2?

The Most Important Question R,
PARALLEL H R, +
Ask: Ask: AN
® Must the current pass through = [ yEg ] —» SERIES @ Can the current take | yvES | - PARALLEL NO
BOTH components? < different paths? — 3

They are in PARALLEL
§.¢ Key Message: Do not judge by how the circuit looks. Follow the possible paths of the current.

Department of Physics Understand the physics.

University Master the problem-solving.
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Series Circuit: Current

One Path — Same Current Everywhere THE KEY PROPERTY

( A SERIES CIRCUIT HAS ONLY ONE PATH

L R, ir_- Rs L R
J VWV Vv VWV The current is the same
o =T everywhere in a series circuit.
ONE PATH |
4 The current enters each resistor and
leaves each resistor with the same value.
7~ ? Why? There is nowhere for the charge to go except _ T
(@3 through each component one after another. ERAN W G egh S one POVt R LS
: i A - I - ) what is the current at the other points?
Battery @ —p | R, —p | R, —p | Hz —p | Back to battery
: - \ 2.0 A R, R, Ra
— "\ AWV AN
In the circuit shown, the current 1.5A R, R, R, (A) 05A
before R; is 1.5 A. |* — Answer: I} = I, =I3=20A
What is the current after R;? . TE "'_o ﬁ;--l
‘:—f 5 About Electrons
@ 30A Electrons also have only one path in a series circuit.

They cannot “jump” to another branch - there is none.

§. 9 KEY MESSAGE: One path — same current everywhere.

2. W

Department of Physics Understand the physics.

University

Master the problem-solving.
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Electric Circuit |
Eauivalent Resistance: Series

Several Resistors — One Equivalent Resistor
[ 1. Start with a Series Circuit |

LECTURE 9

1. Start with a Series Circuit

R R, R Can we replace Req
1 3 .
all three resistors ANN
( MWh . VW —VW by ONE resistor? :
—_— I 1 —» —p .fz e f— _lf:] — ‘
II = Ig = 13 = I — —— - —
+ Same voltage — Same total current |
2. Equivalent Resistance ll 3. Why Do We Add Them? - _ Simple Example
il From the ious slides: s = SRt
Req = R, + R> + R4 | vl g R =20 R, =30Q Rz =50
Same current; Voltage drops add: Find R.a.
Mare geﬂeraily: Physical Meanl'ng Il —= I2 — I V — V]. -+ VZ -+ V3 I‘Z_ = 2 + 3 #in 5
Adding resistors in series makes it =
R o Z R. harder for current to flow. Ohm's law on each resistor: Req = 10 Q
i Vi=1IR:, Va=IRy, V3=1IRs ————
Ry B + Ra R; + Rz + Ry Therefore: Th - ..tl .. t:-m
“MA— = AMAM— = AM—AM—AN~ V = IRy + IR; + IR; = I(Ry + Rz + R3) ol KMTUGH emston: B
) . o e e Ky = Hyg = H3 = K
‘ Req T . | Req — Rl == RE = R3 What is the equivalent resistance?
{Equivalent_res-i;st-.;ncé increases) (The same idea works for any number of resistors.) (’ﬁ R/3 CB_,' R (E:' 2R @' 3R
Quick L Wl W The equivalent resistance must be
o Reality Check For o I dilge: | Koy = Ry, Rz, R ML larger than any individual resistance.
.9 Key Message: SERIES: resistances ADD.
Department of Physics
University

Understand the physics. ‘ 11 ]
Master the problem-solving. \
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Parallel Circuit: Same Voltage

More Than One Path — Same Voltage Across Each Branch

1. A Parallel Circuit i 2 Why Is the Voltage the Same?
e

All branches share the same two nodes.

® = Each resistor is connected
* 1 I e $Is The current between the same two Top node
can choose points (top node and
Rl R, Rs different paths. bottom node).

The circuit has * The electric potential ¥

branches. difference between these
two points is fixed by the
battery. Bottom node

0 KEY PROPERTY (Voltage)

The voltage across each branch is the same.
3. Think: Current vs. Voltage in Parallel
i =WV = I’% = 1i"f;it:ml'r:e

. Current | Voltage
4. Example F:an be different !s the same
in each branch. in each branch.
A2V batttlary is f:onnected I Answerl. I=1 + 1 + I3 Va=Va=W=¥V
to three resistors in parallel. Ry R, : R; =12V
What is the voltage across 20 3 Q 6 Q V=12V About Voltage
Ry, Ry, and R3? Va=12V Voltage is set by the source and appears between two points. o,
Mo matter how many branches are connected between those
two points, the voltage remains the same.

9 Key Message: In a parallel circuit, each branch has the SAME voltage as the source.

Department of Physics ' Understand the physics.

University | ) Master the problem-solving.
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Parallel Circuit: Current

The Current Splits Between the Branches

I I THE KEY PROPERTY HOW IS THE CURRENT DIVIDED?
iy i

& 3 & From the previous slide:
[ VI VI2 73 I=h+ L+ I S T T
e ) _ . —
é R R R Current entering a junction = Db, f = R
& 4 2 = current leaving the junction. Thevefore:
1 - Smaller resistance [ Larger resistance
Physical meaning: Rl =TI1 BT = il
& & & Charge does not disappear at the junction.

More current flows through
the branch with lower resistance.

SIMPLE EXAMPLE THINK FIRST
ARV 50‘.‘":& is_ connected .Sime Ve R orf bt hrancty Two branches in parallel are connected across the same voltage.
1o two resistors in paraliel. I i , (7 = =2 s A _
+4 +h EiSs e b R =100, R,=208
B =60 F Reason:
=5 R é ;i;! I RK 3 1341 ik Which branch carries more current? R, < R,
. | 2 - o 3
Find the branch currents L Total curment: @ R, branch —,
and the total current. I=h+L=2+4=6A (B) Hs branch 7 ==
= I=6A (c) Same current
. L I L I ABOUT CURRENT
SERIES PAEALLEL ’ ¢ ! o At a junction, the same amount of current
| Hh Iy that enters must leave.
| same current g current splrts This idea is very important and will be used
1 1 often when solving circuits.
€9 Kev Message:  PARALLEL: current SPLITS, but total current is conserved. .
Department of Physics y Understand the physics. ‘ 1 3 J
University Master the problem-solving.
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Predict Before You Calculate

What Happens If We Change One Resistor?

1. The Starting Circuit 2. Before Calculating Anything — What Do You Expect?

Parallel circuit with a 12 V source. V=12V o —— i 5 —
Both resistors 6 1. Now change ppens 17 ecause 3
— - | B (Current through R;) NO CHANGE do not change.

At the start: 41 '
12 What happens to I,? - Because [, |
I, = =2 A
; 6 R Ra it o e (Current through R;) BN HEASES = I, 1
1.2: —1-‘-2 =2 A =60 =610 W
o 602 — 30 9 What happens to j Because
L =4 A the total current? 1 M Iiota = I + I2
; and [ increases,
3. Now Calculate — Check Your Prediction 4. What Happened to R.,?
New circuit V=122V 19 Before (both 6 02): After [h’.g =3 5”: : T
| I = o = 2A CE— 1 1 1 N 1 9 a 1 Conclusion:
in current: o P by IO L S T
*‘!1 He 12 = Resll Ry 78 B'D & 2 Feq
L= 5 =4A 4A — BA I
l{: Rz | - R(_'Q‘ = 2.0 T 1_
o =30 ‘Tmml =L+ I Total current kotal
=93 4= BA INCREASED. Smaller equivalent resistance means more total current
for the same source voltage.

5. Problem- Salwng Strategy KEY MESSAGE

PREDICT CHECK
Q NG @ ; % CALCULATE v/ oy Do not start with the calculator,
Identify what * Predict how currents, * 980] o the math and Compare your prediction : —
changed in voitages, and Huq find the new values. with the calculation. First predict how the circuit
the circuit. will change. Does it make sense? should behave.

Department of Physics Understand the physics.

Master the problem-solving.

University
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Common Circuit Transformations

Make Complicated Circuits Easier to Solve

+/ lIdea: Replace parts of a circuit by equivalent resistances without changing anything outside that part.

1. Series Combination 2. Parallel Combination 3. Order Does Not Matter

Replace two or more resistors in series Heplam two or more resistors in parallel You can combine parts in any order.
bv one equivalent resistor. by one equivalent resistor, Different orders — same final answer.
R, R, Ry R, : . 3
A: Combine - Then combine b One resistor
—WA—WA—WA—e B —\W\— R, and R, with Ry left
Req = Ry + Ry + Ry e B B Combine =  Then combine | One resistor
Rﬂ, R1 Rz ' R; and Ry with R, left
When to use? ; Whet: o ti8e?
When resistors are connected end to end Wheri reststons: shas: the seiine T odis As long as you only combine obvious series
with no other connections at the junctions. (ko valtans acitas skl or obvious parallel parts, the answer is unique.
4. Example: Simplify This Circuit 5. Think First 6. Quick Checks
Find the equivalent resistance Step 1: Combine the paraliel part (Hs and Hj) Which statement is TRUE for any .
between the two black terminals. 1 1 1 koo 1 2 3 1 circuit made only of resistors? o Series check
s e T B3~ st8T 8" 2 (A) Adding a resistor in series R.q must be larger than any
ity e Ry decreases H,. individual resistor.
—"\\W\ AN AAN—e Ry = 210 (8) . - :
4 B) Adding a resistor in parallel
= increagses R ‘i Koq > cach B,
Ry Step 2: Now the circuit is series SR
R = 2 @ The equivalent resistance
— AAA——a 1 23 4 can be negative.
MV MW M\ © Adding a resistor in parallel @ roraliel check
R=4Q Ro=69 R.=30 R =29 S e e decreases R R.q must be smaller than the
=l A o e T’? | -H o _IZ a5 ;;\JLI 4 +24+2=810 Reason: STRIRG: Fogior
q=Ri+Raa+ R =44+2+2= :
“q 1 :"E i = Parallel paths give the current Rcu < smallest R;
- — Al more ways to flow.

@ Key Message: Spot series and parallel parts, replace them, and keep simplifying.  Simple steps lead to the right ans

Department of Physics

University ; Master the F‘I"uf"]rl'-‘ﬂ'l—.:f.')ha ing.
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Equivalent Resistance: Series and Parallel

Replace a Complex Circuit with a Simpler One

» Idea: Find an equivalent resistance, H., that gives the same voltage-current behavior.

1. What Is Equivalent Resistance? 2. Series: Equivalent Resistance 3. Parallel: Equivalent Resistance

A group of resistors can be replaced by a single resistor, Resistors in series camry the same current. Resistors in parallel have the same voltage.
Ry, between the same two terminals. The equivalent resistance is the sum. The equivalent resistance is found using reciprocals.
= . . 'th‘q R] !{; I{J
—AMM—AM—AN—e mhp +—AAN—e —\\N\ M ANN—e Ry Ry Ry s
lex Circu Equivalent Cireui — Rl = : = H = =
Complex Circuit quivalent Cireuit R., = B + Ry + R A T , . , - —=
Reg Fi o Ry
The replacement must give the same voltage—current Example: B =48, R =30, R; =20
behavior at the terminals for all situations. Rog =4+3+2=90 Example: By = 6£), FAs =30

1 1 1 1
Ro"at3=3 = Byg=20

4. When to Use Which? 5. Example: Which Equivalent Resistance? 6. Quick Check

Series Parallel Find Ry, for the circuit, Choose the equivalent resistance.
+ Resistors connected end to end, = Resistors connected across the same R,=410Q 20 HoRTan Cireuit 1: Tweo resistors in series
+ Same current flows threugh all, two points. Ry and Ry in series: 40 60 A 20
+ Voltages add. « Same voltage across all Riy=4+2=60 8 AN ANAN—e B) 100
+ Currents add, R i il with By C)24 02
Use when resistors share Use when resistors share | [l Circuit 2: Two resistors in parallel
the same current path. the same two nodes. Req 6 6 G A) 18 Q2
Bran 20 60 B) 6102
L AAA Ry,=30 o 40
Problem-Solving Strategy
B hid 0 Key Message
1 ANALYZE 2 SIMPLIFY E 3 CALCULATE ‘/ 4 CHECK Equivalent resistance lats us replace
Identify the circuit. * i S e » £58] Do the math o, get * Vorify youx answe complex circuits with simpler ones
rules to find R, the value. makes sense.

without chanaging their behavior.

Department of Physics

Understand the physics.

University Master the problem-solving.
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Common Mistakes in Circuit Analysis
Avoid These Pitfalls!

Small mistakes in reasoning lead to wrong answers.
Check your thinking at every step.
Mistake: Confusing Series and Parallel

Thinking elements are in series or parallel

when they are not.
Wrong:

4
T ? R,

Wrong idea: fi; and Ity are in series.
(They are not!)

Q00 A0

Mistake: Forgetting Current Splits

Assuming the same current flows in

all branches of a parallel circuit.
Wrong: Correct:

1 i v vl 13
T T Ry Ry Ry

Wrongidea: [y = o =Ty = [ Current splits: [ = I, + [ + I3
{Currents can be different!) (Usually Iy, I3, Iy are different.)

Correct:

R, and R are neither in

series nor in paraliel,
They share only one node.

WV
Iy

% Ry

b
R,

I
Ry

¥
Ry

@ Mistake: Skipping Steps

Trying to do everything at once
without simplifying.

Mistake: Adding Resistances in Parallel

Adding R values in parallel instead of
using reciprocals.

Correct:

Wrong: : 2 ..
Wreng: Correct: 9 R, R, iy Ry 12
Rey = Ry + R + Rs e 1 1 R . R,
IE"!'-‘ ]El I'E-d !{3 “.; fs R.I.ﬁ

(This is series, not parallel!)
Wrong approach: Jumping to formulas
without simplifying.

Always use reciprocals for parallel.
then continue.

Wrong:

i

Step by step: Simplify parts, redraw,

Electric Circu | LECTURE 9/

Golden Rules to Remember

Elements that share the same two nodes are in PARALLEL.
Elements connected end to end with no branching are in SERIES.

In series: same current. In parallel: same voltage.
Current divides in parallel. Violtages add in series,
Always simplify step by step and redraw.
Mistake: Forgetting Voltage is the Same in Parallel

Assuming different voltages across
parallel branches.
Correct:

& ]
'|' |

L

* s

Ve

vV

T "
Wrong idea: V7 # Va
{In parallel, voltages are equal!)

Vi=Wa=V
(Same voltage across both.)

Mistake: Ignoring Units or Signs
Forgetting units or getting signs wrong.

Wrong: Correct:
=25 I=25A
Missing unit! Always include units.

Check the magnitude
and the sign.

G Key Message

(A7 mA? kA7)

How to Aveid Understand Look ~—~. Simplify Check ™ Think
Mistak the circuit k2 @ for series / stop by step WP v work at W about limits .
istakes . arid] cacallal \& ik : Good reasoning + careful checks
before starting. and redraw. each stop. e lead to correct soluty

parts.

i 4 Department of Physics

University

Understand the physics.

Master the problem-solving.
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V. Kirchhoff’s Laws: The Foundation for Circuit Anal

Two Simple Rules. Countless Applications. Why They Matter

. Kirchhoff's laws are based on conservation principles: ¥ AR Sy CXDUIES RO IRBEIOE TIEN  COmphner:
» Essential for mesh and nodal analysis.

charge is conserved and energy is conserved. o IParm the bask for miany Beablismsciving tachiniees.

1. Kirchhoff's Current Law (KCL) — Junction Rule 2. Kirchhoff's Voltage Law (KVL) — Loop Rule

At any node (junction), the algebraic Explanation: Charge cannot Around any closed loop, the algebraic Explanation: Energy is conserved
sum of currents is zero, MOCANRCAatE AL 8 T, — sum of voltages is zero. In any closed path.
3 - i + ¥ e Erampla:
h+L=nL+1 WA ol
E Iin = E Lout 1y Iy E Viises = E Vdr{)ps | - o Vi-Vi-¥-¥=20
= or + g ™% A
h+L-L-I;=0 - Vg i R . ;
or Y I=0 or ¥ V=0 = P e Vi=Vi+ Vs + Vi
et Iy (Take currents Semet el - :
: (Clockwise: rises +,
entering as +) — i Arame A
3. KCL Example 4. KVL Example 5. Both Laws in One Circuit
Find 1. Find V.. a0 a 5 Find I, and I.. Solution:
= Solution (clockwise):
2A + Wi = = 1[7 ( o w"_ ) : 20 40 KCL at top node:
A ke V= Vi g = AAN L=05L+1
Selution: im + fodch4 1 atd
S _ , - Mo Currents [;.tr%r mathod): = where [ = 12/6 = 2 A
34+42=4+1. 12V == ' V. = gt 1A + KVL left loop:
- f Ermal 12V 12 -2, —6ls =0
I, =1A (downward - = e RAEL Rk AR 1 — by
x ( ) o™ _ - 1.|—'2-\'. Ve=4V, - oL +12=12 s 1L =0A
- iy Then k=1 — I = —2 A
G0 Check: 12-2—-4-6=0+ (actual direction right — laft)
6. How to Use Kirchhoff's Laws Key Takeaways Commeon Tips
-
i ( fi Il ; H i j i
n Chfmse neferenr:e dII"E'CtJIDI'kS or all currents and voltages o KCL comes from conservation of change. » Choose consistent directions and stick to them.
e Write KCL equaticns at independent nodes. o G : % : Tf » Keep track of signs carefully.
O . ’ COmes Tmom ConsServation of energy.
© Write kv ecuimonie for mdependent. loops. Ly === ) The number of independent equations is imited:
@ Soive the simultaneous equations. = (N — 1) KCL equations and (B — N + 1) KVL equations
@ Check results (units, reasonableness, other laws). e Together, they let us analyze any circuit. (N = B = branches).

Department of Physics Understand the physics,

University Master the problem-solving.
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Kirchhoff’s Current Law (KCL) - Junction Rule s

Conservation of Charge at a Node At-anyihade Qunction), In & dlreul

the alaebraic sum of currents is zero.

Q Charge cannot accumulate at a junction. S I, =S 1.
What enters a junction must leave the junction.

1. What Is a Node? 2. Kirchhoff's Current Law (KCL)
A node (junction) is a point where Take currents entering the node as positive Why It Matters

or 2 I=0

two or more circuit elements meet. and leaving the node as negative. Then KCL gives:
ey L ede v o= Ty il = T5=T0 o KCL is based on conservation of charge.
G - ’ e Essential for node/mesh analysis.
| + : currents entering the node @ Allows us to write equations using only
Currents can flow INTO or OUT OF — : currents leaving the node current information at junctions.

the node throuah any connected branch.

3. Example: Apply KCL at the Node 4. Ancther Example: Multiple Unknowns 5. Quick Tips

Find the unknown current I.. Solution: .ﬂ Choose a consistent direction convention,
Take entering as + Stick to it for all nodes.

Solution: leaving as —.

Take entering currents as positive, h4d4—-—92—F =0 O If the final current is negative,

the actual direction is opposite
to what you assumed.

leaving currents as negative.
3+2-1-2-1I,=0

Substitute I, = 3 A:
J+4 =2 I. =10

0 KCL does not depend on the type

Iy = 2 A (leaving the nads) Given: [, = 3 A (entering the node) | Ipb=5A
; E of components—only on current flow.
Find 1. (leaving the node)
Check: Entering = 3 +2 =5 A Leaving =14+ 24+ 2=5A — -~
f Key Takeaway KCL is your tool to relate currents ata junction. - Z ) — Z I or E =

o : . : :
ﬂ_r’-?- Department of Physics Understand the phys

o
h University Master the problem-solving.
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Problem-Solving Methods in Physics

Kirchhoff’s Voltage Law (KVL) - Loop Rule

Conservation of Energy Around a Closed Loop

!’F\— In any closed loop, the algebraic sum of all voltages is zero.
¥  Voltage rises and drops around the loop cancel out.

A loop is any closed path that Assign a sign to each voltage as you travel

Electric Circu [ _EcTURE 9

In Words

As you go around any closed path (loop) in a circuit,
the algebraic sum of all voltage changes is zero.

Z V;'imz.ta — Z: Klrulm
> v—o

or

Why It Matters

starts and ends at the same node around the loop: . R
without retracmg;ny element. o Violtage: fee: (from: = o4+ W 0 " f of
1 . g comes from conservation of energy.
AAN « \oltage drop (from + to —): —V L ~. o

T - gt 1

J— N B Vi L Ry o Allows us to write equations using only

_T . ” 2 +Ve=—Vi=Vao—=Va=0 -T bt \}{:"/ = voltage information in loops.

(counterclockwise direction) : : :
Choose a direction (clockwise or - Vi + 0 Together with KCL, it lets us solve
counterclockmstgg and keep it Ra any circuit.

3. Example: Apply KVL 4. Another Example 5. Quick Tips

F Find V..
il m Vi Solution (counterclockwise): : a0 E?E:Jtlotf:l”{;.‘loclkw&?};” 4 0 Pick a loop direction and stick to it.
=, +12 -V =Va=Va =10 W £ €% Be careful with the sians!
4 =, + + e * From KCL at the only node: "
it i z : Vi=(20 0 Ve=(40M = (6 3 10 2 5 Rise (— to 4) = +
2V = ! ¢ 10V = [ g V. LAY — A==A = =
4 " Y. . 13 — 9F — df — 61 = 0 _ - g & 14241 6 3 Drop (+ to =) —
% 12-12I =0 — I =1 A (clockwize) "",-"\.-'"v V.=(20)I=2 (f ) = I_U vV 0 You can start anywhere in the loop.
5 & - 1 2
- f:iii:;! ¥ Chack WV, + Vot Vi = 2+ 448 =12V 10 V. — 333V i ©.7 KVL works for any loop in the cireuit.
- How to ‘ﬂ Key Takeaway i T i
: L. Together with KCL,
El Use KVL 0 Chotes:8: k00 iy 9'“5’ o 9 Wilhs thaiNVL = 0 =~ 9 i e KVL helps you track ener @ KVL lets you analyze
direction, to each element equation. (if needed), and check, i % ] ¥ ¥

changes arcund a loop. any circuitl

Department of Physics Understand the p!

University

Master the problem
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Problem-Solving Methods in Physics

Using KCL and KVL Together

KCL at the node connects currents. KVL around loops connects voltages.

QOur Goal
Find the unknown currents I; and I in the circuit.

@ Use KCL at the top node.
@ Use KVL in the left and right loops.

./—\ We use KCL to relate currents at a junction.
We use KVL in loops to relate voltages around each path.

= Top node A has three currents: [y,

Iz, and I3,

- = —
TI.. | There are two meshes (loops): left (Loop 1) and right (Loop 2).
/f"“-"‘_\ f_r_-‘-"-\
g0 I ~ TR (R 2. Write KCL at Node A
12V - i Loop 1 1 40 | Loop 2 i -_— 8V
X . . h Take currents entering the node as positive.
= b 2 N 3 - I, and I enter the node.
i - I+ Ila—1a=10 I3 leaves the node.
(KCL at nede A)

5. Solve for I; and I-
From KVL results, we have [3x = 3 A and [; =2 A7

4. Write KVL for Loop 2 (right loop)

3. Write KVL for Loop 1 (left loop)

Go counterclockwise.

Go counterclockwise.

Wait—we must be careful with directions!

Check: In Loop 2, traversing downward through the
resistor is a drop 415 only if current is downward.

2 KVL equation: 2 <%
r; = 2 KVL equation: Since [, is downward, the equation is correct.

T +12 — 41, =0 s + From loop 1: Ix =3 A Consistent solution:
; —— ," \1 . F 5 = (= & 5

LA r: §4” g =, 40 it :n - 8V +8—413 =0 From Loop 2: Iz = 2 A - I.=2A

- 3 — i

- -7 _ = = I; =2 A

- 3 US&KCL‘.I|'+'I;3“I;;={]=:'I|+-fg=r:;=2}1
~ Ch One valid solution:
OO CUFTents

We rise +12 V across the battery (- to +),
then drop 4I; across the resistor (+ to —).

Summary

Use KCL at nodes o8
to relate currents.

t of Physics

We rise +8 V across the battery (— to +),
then drop 411 across the resistor (+ to —).

Solve the equations
together.

Use KVL in loops -

to relate voltages.

.

as positive in the
directions shown.

Check that your
results make sense,

Undlerstand the phy:

» Ii=1A, Is=T1TA
(many pairs with sum 2 A are possible)

Key Takeaway

KCL tells us how current splits.
KVL tells us how voltage changes.
Together they let us solve

faster the problem-so
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Problem-Solving Methods in Physics Electric Circ [ LEcTURE 9

Nodal Analysis (KCL Method) - Step by Step it Re coons
: o When the circuit has many nodes but few voltage sources,
Use KCL at nodes to find unknown node voltages, then currents.

Idea: Choose a reference node (ground). Apply KCL at the other nodes.
¥  Solve for the node voltages, then find any currents you need.

Steps of Nodal Analysis (KCL Method)
Example Circuit

0 Especially useful when current sources are present.
®) Works for bath DC and AC circuits,

Given: o Choose a Reference Node Usually the bottom nede (ground).
1 ’iﬂj\, 2 m 3 « Resistors: 2 02, 4 02, 6 22 9 Label the Nodes Mumber the remaining nodes.
' ;oltaga SOLITeD: ;UAV 9 Express Known Mode Voltages From voltage sources if directly connected to ground.
» Current source: |
‘L_ (uwand) 0 Apply KCL at Each Unknown Mode Sum of currents leaving (or entering) = 0.
e x bn ":
10 V_ 6 (f 2ZA Write equations using Ohm's law [ = - 2
o & Solve for the Unknown Node Voltages Solve the simultaneous equations.
Mode voltages Vi, Vi
—; @ Find Any Desired Currents Use T= "2 Y% for any branch.
o Choose Reference Node e Label the Nodes e Known MNode Voltages o Apply KCL at Unknown Nodes 9 Solve for Vo and V3 6 Find Any Currents
Choose the bottom Unknown node Mode 1 is directly connected At node At node 3: Solving the two equations: Eu;re;;‘thrwqh 60
node as reterence (ground). voltages; '_[_‘g TTLT tg'am-'fllﬂ of a 10V Currents leaving node 2 = 0 Currents leaving node 3 = 0 {from ﬂﬂd?_Q to %ﬂ:‘und}:
1;'5;"“”“! OV h Vo — Wi i Vi—Va m ey " Vi — Va . Iea = ﬁ' = = = 1.00 A
V, at node 2 = R 2 4 6 4 V2 =6.00V ﬁurmnt;é\rugquh ‘riwg )
—= rom node 2 to e 3):
Vi at node 3 Using Vy = 10 V: (2 A current source enters Yoo 14T Vi -V,
— Ve-10_ Va-Va_Va_, node 3 from ground, so L, = Lig = = = —2.00 A
LT L e il
2 4 i current leaving is —2 A.) {idgabion =+ ikl stiraction
is from node 3 to node 2.)
Summary 1. Choose ground. S Tips
. 2. Label ncdes. 0 Koy, Todmaimy _'Q*— . ; g sy 4 :
1. Use KCL at nodes. Modal analysis uses KCL to write equations in terms of node voltages. * Be consistent with current directions (leaving or entering).
4. Seolve for node voltages. It is especially efficient when there are many current sources or * Double-check signs for current sources.
5. Compute currents. voltage sources connected to ground. = After solving, check your answers (currents should make sense).

Department of Physics Understand the physics.

University

Master the problem-solving.
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Mesh Analysis (KVL Method) - Step by Step

Use KVL in loops (meshes) with mesh currents to find unknown currents and voltages.

When to Use Mesn Anaysis

o When the circuit has few meshes (loops).

o Especially convenient when there are voltage sources only.
7~ _ Idea: Assign a current to each mesh. Apply KVL to each mesh.
¥  Solve for the mesh currents, then find any branch current or voltage.

Example Circuit (Two Meshes)

Q Works well for planar circuits.

Steps of Mesh Analysis (KVL Method)

20 ity Given: €D 1dentify Meshes Choose independent meshes (no mesh inside another).
AAA AAA * Ry =20 (top left) a Assign Mesh Currents Assume a current for each mesh (e.g., clockwise).
* + Ry =49 (top right)
, k 9 Write KVL for Each Mesh Sum of voltage rises and drops around the mesh = 0.
(s s * Ry = 6 Q (middle) For a shared resistor B between meshes with cpposite
" . b £ M T * Left source = 12 V

b

directions: voltage drep = R (I, — I3) in mesh 1,

% #
12V To— { Mefh 1 If| § 612 : Mefh 2 1| - 6V * Right source = 6 V and R (f; — .‘I.? in mesh 2
- 1 1 ¢ % Z ¥ —
Fa b - 5
s P o - Eind: o Solve for Mesh Currents Solve the simulanecus equations.
. Mesh currents [, and Is. &) Find Branch Currents For a resistor only in one mesh: Juanch = L.

For the shared resistor: lopared = 1 I: (top to battom).

Use V = IR with the current you found.

(Then any branch current.)
Find Any Voltages (if needed)

o Identify Meshes
IThis circuit has

9 Assign Mesh Currents
Assume both mesh currents
counterclockwise,

€ Write KVL for Each Mesh
Mesh 1 (left loop) Mesh 2 (right loop)

Go counterclockwise, Lo counterclockwise,

O solve for I, and I,
Solve equations (1) and (2}

6 Find Branch Currents
Top left {2 Q) L = I, = 1.50 A

D (Optional) Find Voltages
Vg = (2)(1.50) = 3.00 V

two meshes.

8l — 61, = 12 Top right (4 ) I;n = [, = 0.90 A Vip = (4)(0.90) = 3.60 V

Mesh 1: I, +12-20 —6(h - L) =0 46 -4l —6(I,— L} =0 -6, + 10[, = 6 Middle (6 0, top — bottom): Vea = (6)(0.60) = 3.60 V
sl £ 0y P
8L -6l =12 @ = -6l +10L;-6 @ R lon =15 - I Check: Mash 1 —
= o |
{as drawn above) 3 = L.50 — 0.90 12 — 3.00 — 3.60 = 5,40 V
.!2 = U, T A

(rise across middle, consistent)

Mote: The middie resistor (6 £2) is shared by both meshes Tsn = 0.60 A (downward)

1. 1 iy e
Summary danthy independent meshes. G Key Takeaway —\Q- Tips
2. Assign mesh currents. AT : . : :
o— 3. Write KVL for each mesh Mesh analysis uses KVL to relate unknowns, = ¢ Choose all mesh currents in the same direction (e.g., clockwise).
H_ ’ ' » £ .
of — 4. Sclve for mesh currents. It is especially powerful for circuits with mainly * Be careful with the sign on shared resistors: R([, — I.) and R(I, — I).
5. Find branch currents and voltages. voltage sources and a small number of meshes. * Always check your answers (units and reasonableness),

Department of Physics
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Superposition Principle - Step by Step g R

: e Independent voit "ll- — Replace with a short circuit (V = 0).
In a linear circuit, the total response equals the sum of the responses from each bt s | PEER R ALY =)

. . p—ig
independent source acting alone,
Independent current source gy = Replace with an open circuit (I = 0).
« Works only for linear circuits (resistors, independent voltage/current sources). : s

™

+ Deactivate other independent sources when considering one source at a time.

1 Congider One Soure at & i 2 Cntrntio fom 2.V Surcn Ony

a0 10 We have two independent sources, so we will find Deactivate the 2 A current source — open circuit.
= two contributions to [, and then add them, 90 40
AN hTAA" AAAL L AR Seen from the
1[_ Goal: € Keep the 12 V source, deactivate the 2 A source. I 7iv) center node 1o
Find I'"" (contribution from voltage scurce). DILUNG, T
+ Find the cument I, * - right branch
12V == 60 G) 2 A through the 6 02 e Keep the 2 A source, deactivate the 12 V source. 12V = LR is open, 50 No
= P e e L Find 7Y} (contribution from current source). T current flows
vl
lotal (by superposition):
* : _Y ; ?E, F:_ Pl Only 2 {1 in series witg 6 £1 across 12 V.
x x " = a8 = 5 = L50A (downward)
3. Contribution from 2 A Source Only 4. Total by Superposition 5. Key Takeaways
Deactivate the 12 V voltage source — short circuit. Add the two contributions: £ Superposition works because linear circuits obey
J 12 _ 4 12 Thi 20 soidea . jrn I“] " e, ? proportionality and additivity.
ind i = [ L350 A + 0.80 2.3 ownwar
;r::cts 2{‘ ':m 3 : { :I Q Deactivate all other independent sources:
m’l.:,urrl?:n‘t » Voltage source — short circuit (V = 0)
60 (-«f 2 A splits botwaen Check (both sources active): * Current. source. =+ open cireuit (I =0)
f‘ fNand 60 Using nodal analysis for the original circuit 9 Find the contribution from each source separately,
i el (confirms the result). then add the results algebraically.
Use current division for the parallel pair (4 £} and & {2). e T“age a;[:c'p R he =920 \/ ﬂ It saves time when there are many sources but
! 9.2 i : : you need only one branch current or voltage.
| Rother 4 q . = = = 1.5 o i
10 oA = the — 2. S = 0.80 A (downward) 1. G 6 1.53 A (= 2.30 A within rounding)
4+ Ry I+ 6 10
0 summary 1. Consider one independent source at a time. & Important AL Tips Final Answer
2. Deacti Il ot inde . .
) oA a_ othe Indwpamdent soumes Superposition is valid ONLY for linear circuits. @ + Keop the sssumed dmections the same in every case,
3. Find the desired response for that case. It doss NOT apply to circuits with nonlinear elements « A negative result simply means the actual direction is opposite. I, = 2.30 A (downward)
4. Add all contributions (with signs). (e.g., diodes, transistors in active region), « Lisa it mainly when the number of sources i small or moderate

Department of Fl
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WORK EXAMPLE 1 - MIXED DC CIRCUIT 1) PROBLEM |

Objective:
Use Ohm'’s law, series—parallel combinations, and
KCL/KVL to find node voltages, branch currents, and

the total current supplied by the source. 6 Q2 A 4 Q)

B
—— AW
Tasks:
1. Find the node voltages V4 and Vg with respect to ground. +
1 1 H ===
2. Find the current in each resistor. 24 V "mm 12 O 80

3. Find the total current supplied by the 24 V source.

Given:
e DC source: Vg =24V =
* R =6 Q (between source + and node A)

e Ry =4 () (between node A and node B)

e Ry =12  (between node A and ground)

e Ry = 8 Q1 (between node B and ground)
Ground is the bottom node (0 V reference)



2) ANALYTICAL SOLUTION

WORK EXAMPLE 1 - MIXED DC CIRCUIT

o Step 1: Choose ground and identify node voltages. 9 Step 5: Find current in each resistor (Ohm's law).

Grountis-the potiom fioke (0 V). Unknewn nede veiltages: V.4 'ehd V. Through & Q (from source + to node A): Through 4 0 (from A to B}:
. i 24 -V, 24 - 12 Va—V 12-8
9 Step 2: Write KCL at node B. R - A _ ; ~ 2.00 A Lig = A : B — = 1.00 A
Currents leaving node B: 4
L e divide by 1/4
4 + 8 =9 (divide by ) Through 12 2 (from A to ground): Through & £ (from B to ground):
1 . 3 3y 7
A i — £ b = — ¥ Vi=20 12 Ve =0 8
(Vg 1,4} + 2VH =0 = Vi + QVB =0 = V= 2]!'3 (1) ;S ‘l‘ . 2% ek o= B — 2 — 1.00A
12 12 8 ]
Step 3: Write KCL at node A.
e P o Step 6: Total current supplied by the source.
Currents leaving node A (toward 24 V, toward B, and toward ground):
4 The source current equals the current through the 6 £ resistor
Va— 24 Va.=Vg " Va=90 _ 0 (only path from source to the circuit):
6 4 12

"'l"lLIl'CIF‘lIl!.II by‘ 12: !S(JL[':I"(.'!! = ‘rﬁﬂ = 2.00 A

2(Va —24) + 3(Va—Vg) + V4 = 0

2Vy — 48 + 3V — 3V + V4 = 0 " " |

ith KVL t
6V, — 3Vp = 48 Check wit (outer loop)
Total rise of 24 V equals total drops around the ocuter loop
2Vy — Vg = 16 (2) (through 6 2, 4 ©, and 8 Q)
24 = (2.00)(6) + (1.00)(4) + (1.00)(8) = 12+ 4+ 8 =24V

o Step 4: Solve for V4 and V.

- — a4 3 3 -
From (1): Vi = 5 Vp. Substitute into (2): Equivalent resistance seen by the source

2 (2 Vg) ~Ve =16 = 3Vp-Vp=16 = 2Vp =16 Vs
2 Reg = = = 120
- : Lsource 2.00
Vg =8V => Va=3(8) =12V (Also: 1202 (492 +80) = 12(|12 = 60Q; total = 6Q + 602 = 120Q)
Vg = 8V Isa = 2.00 A Lin = 1.00 A Liags = 1.00A | Jsqg =1.00A | Loge = 2.00A

Summary of Results Vi=12V



WORK EXAMPLE 1 - MIXED DC CIRCUIT [ 3) DISCUSSION |

1. Physical interpretation of the results

Vi = 12V and Vg = 8 V: Node A is at a higher potential than node B,
so current flows from A to B through the 4 £ resistor.
Currents are all positive in the assumed directions:

— From the source through 6 {1 into node A (2.00 A).
— From node A to ground through 12 ©2 (1.00 A).

— From node A to node B through 4 £2 {1.00 A},
— From node B to ground through 8 £2 (1.00 A).

The 6 (1 resistor carries the total source current, then the current
splits at node A into two paths: one to ground (12 Q) and one

toward node B (4 1), and finally it goes through 8 {1 to ground.

200A 60 Vai=12V  1L00A Va=8V
daiig A — B
24V 12 ) 8Q
—T ] | 1004 T | 100a

2. Consistency checks

KCL verification
Atnode A: 2.00Ain = 1.00A (to129) + 1.ODA (to4 Q) = 2.00 A

At node B: L.0O0OA in = 1.ODA (to 8 Q)

KVL verification (outer loop)
Rise = 24 V. drops = (2.00)(6) + (L.00)(4) 4+ (1.00){(8) =124+ 4 4+ 8 =24V

Equivalent resistance check

[

H"‘n’ =120 = ‘ra-'uur'r'u- = % = 200A

v

3. Power balance check

In a DC circuit, total power delivered by the source must equal the
total power absorbed by the resistors.

Element Current (A) Resistance ({2) Power Absorbed P = I*R (W)
69 200 6 ' (2.00)%(6) = 24
190 1.00 4 (1.00)%(4) =
120 | 100 | 12 | (1.00)4(12) =
80 | 1.00 | 8 | (1.00)*(8) =
- Total absorbed | 48 W

Power delivered by source: Poyree = Vilsouree = 24 x 2.00 = 48 W
Delivered = Absorbed = 48 W +

@ 4. What this example teaches

Combine KCL and Ohm's law to write node equations.
® Solving for node voltages first makes current calculations straightforward.

Signs and assumed directions matter—always verify with KCL,

¢ Power balance is an excellent final check for correctness.

o 5. Key takeaway

By applying KCL at the unknown nodes, solving for node voltages, and then
using Ohm's law, we found all branch currents and verified the solution using

KVL, equivalent resistance, and power balance.

Always check your results using multiple methods!



WORK EXAMPLE 2 - NODAL ANALYSIS WITH CURRENT SOURCES | 1) PROBLEM

Objective:
Use nodal analysis (KCL) to find node voltages and branch currents
in a circuit that includes independent current sources.

=
b2
)

oo

Tasks:

1. Find the node voltages V4 and Vg with respect to ground.

2. Find the current through each resistor. 3 A ? 4 Q 6 Q ‘ |8

3. Find the current delivered by each current source.

Given: —
e Current source on the left: 3 A upward (from ground to top node)
s Current source on the right: 1 A downward (from top node to ground)
* Resistors: R = 4 () (from node A to ground),
Res = 2) (between node A and node B),
R3z = 652 (from node B to ground)

o Ground is the bottom node (0 V reference)
Find:
Va, Vi, Ir1, Ip2, Igs, current delivered by each source.



WORK EXAMPLE 2 - NODAL ANALYSIS WITH CURRENT SOURCES

3

2.

Choose ground and identify node voltages.

Ground is the bottom node (0 V). Unknown node voltages: V4 and V.

Write KCL at node A.

Define currents leaving node A as positive.

Currents leaving node A:

s Through 4 £ resistor to ground: 1—4—'
Va — Vs
2
* Through left current source: arrow is upward (from ground to A},

50 it enters node A. With “leaving” positive, enter as —3 A.
Apply KCL (sum leaving = 0):

® Through 2 {} resistor to node B:

Ya  Ma=¥ 4 34
4 2
Multiply by 4:
3V, —2Vp = 12 (1)

. Write KCL at node B.

Define currents leaving node B as positive.
Currents leaving node B:

e Through G £} resistor to ground: —

* Through 2 £ resistor to node A; ————=

* Through right current source: arrow is downward (from B to ground),

so it leaves node B. With “leaving” positive, enter as +1 A.
Apply KCL (sum leaving = 0):
Vi Ve — Vy
— + —= +

6 2
Multiply by &:

"'BVA + ‘-‘EVB — -'6 (2)

4. Solve the two equations for V4 and Vp.

From (1): 3Vy — 2V = 12
From (2): —3V4 + 4V = —6
Add (1) and (2): Wp =8 = [Vo =3V

Substitute Vg = 3V into (1):

| 2) ANALYTICAL SOLUTION |

=6V

5. Find current through each resistor (assume directions as shown).

Through 4 1 (A to ground): Through 2 2 (A to B):

Va-0 Va— Vg
Ipg = ——— Ign = ————
R1 4 R2 2
= 2 = {50k :E:l_sug
4 2
6. Current delivered by each current source.
# Left source (3 A upward from ground to node A):

Arrow enters node A

* Right source {1 A downward from node B to ground):

Arrow leaves node B — it delivers 1.00 A to the circuit.

Summary of Results
MNode voltages:

I = 1.50 A (downward)
Igz = 1.50 A (A — B)

Va=6Y, VE=3YV

0.50 A (downward)

Tra

» it delivers 3.00 A to the circuit.

Resistor currents (actual directions as shown):

Through 6 1 (B to ground):

Vg — 0

[
R3 6

= = 0.50 A

Current delivered by sources:

Left source: 3.00 A
Right source: 1.00 A



MISUNDERSTANDINGS AND COMMON MISTAKES

- Good analysis starts
with correct thinking! |

Avoiding Typical Errors in DC Circuit Analysis

Even with the right formulas, it's easy to make conceptual or algebraic mistakes.
Here are the most common ones—and how to avoid them.

o Incorrect Current Directions

Assuming directions without consistency leads to
sign errors and confusion.

e Forgetting Source Directions

Misreading current source arrows is a very
common and serious mistake.

Using

Mixing Up Node Voltages and
Voltage Differences

the wrong voltage in Ohm's law leads to

wrong equations.

LAR ! :
A 10 B AR X i you guess current A 20 8 X Treating the 3 A A 20 = x Using 1,1:_' instead of
" AN " directions randomly, source as leaving v v h
you may write KCL node A instead of i aclrof.s the
equations incorrectly. entering it flips the 2 £ resistor is incorrect.
3A 4 b 641 1A IA §4ﬂ 641 1A sign in KCL. 1A

' How to aveid it:

| v How to aveid it:

v How to aveid it:

.-L. Choosa a consistent _l_ Always read the arrow: .l_ Across a rasistor batweon
convention (e.q., all a arrow INTO the node N two nodes: use the difference
currents leaving the = negative (with "leaving” (Virom — Vio)

node are positive).

o Forgetting the Ground Reference
Writing equations without a clear reference leads
to ambiguity.

X If the ground (0 V)
is not defined, node
voltages have no

A 21 B
& W“H -

r - reference.

3A LJ‘ | Zan 6n 1A

" How to avoid it:
Always choose and
mark a ground node
before writing equations.

BEST PRACTICES @ Be Consistent

Choose current directions
and stick with them.

* Use the same sign
convention everywhere.

L,

Draw and Label Clearly

+ Mark node voltages [V, Vi, ...}
+ Show source directions.

* Label resistor values.

positive convention).

e Algebraic Sign Errors

Small sign mistakes in KCL or algebra lead to wrong
node voltages.
E)(Bl'l‘lple at node A: x Wrong sign for the

Correct KCL (leaving positive): current source

Va + Va VH 320

4 @ solution,

changes the entire

Common mistake:

¥ Vi =V
e ot SSVEE Lo D
4 2

v How to avoid it;
Be systematic with
signs and double-
check each term.

E Go Step by Step

* Then compute currents.

* Write KCL equations first.
* Solve for node voltages.

;O

90600

+ KCL at each node.
+ KVL around a loop.

* Power balance.

Not Verifying the Results

cepting results without checks can hide mistakes.

Check KCL at each node:
Sum of currents leaving = 0.

Check KVL around one or more loops:

Sum of voltage rises = sum of drops.

Check power balance:
Total power delivered = total power absorbed.

Check equivalent resistance seen by the source,

@

if possible (sanity check).

Always Check Trust, but Verify

¢+ Multiple checks =
confidence in your
results.



ELECTRIC CIRCUITS - SUMMARY

Key Concepts, Methods and Tools

1 FUNDAMENTALS 2 SERIES AND PARALLEL

Current: | = AQ /At Series: same current; R g = 2R

Ohm'slaw: V=1IR Parallel: same voltage

Power: P=V | 1/Rg=2(1/R)

3 KIRCHHOFF’'S LAWS 4 NODAL AND MESH ANALYSIS
KCL: ZI =ZI Nodal: choose ground — apply KCL

or, with signed currents: 21 =0 Mesh: assign mesh currents — apply KVL
KVL: algebraic sum of AV around a loop =0 Solve the equations, then recover branch values
2 SUPERPOSITION 6 RELIABLE PROBLEM-SOLVING
Keep one independent source active at a time. Predict — draw and label — choose the law
Voltage source — short; current source — open. Solve systematically — check units and signs
Add signed contributions to the required response. Verify with KCL, KVL, R q, or power balance

MODEL — EQUATIONS — SOLUTION — PHYSICAL CHECK

& What is asked? ' # Labal valees, sources, s Thaorems (Thévenin, etc.) ) s Solve step by step. » Understand what results ' » KVL in loops CONFIDENCE
and directions, » Superposition if useful » Find unknawns, mean physically. » Pawer balance IN RESULTS

0 Master the fundamentals. Practice consistently. Think systematically. — That is how you become an excellent circuit analyst!




