Solved Numericals — Ohm's Law, KCL & KVL

Part A: Ohm's Law (10 solved Numericals)
Ten original problems that use V = | x R, from direct substitution to series and parallel networks. Every

answer is worked step by step with units.

Problem Al
A 9V battery is connected across a 45 Q resistor as shown. Find the current drawn from the battery.

R=450

s

ov L ()

Given: V=9V,R=45Q
To find: current |
Formula: 1=V /R

Solution:
1. Substitute the values: =9V /45Q
2. 1=0.2A

3. Convert to milliamperes: 0.2 A x 1000 = 200 mA
Answer: 1 =0.2 A (200 mA)

Problem A2

A DC heating element is connected to a 42 V supply. The ammeter in the circuit reads 3.5 A. Find the
resistance of the element.

azv p— / Q) 35A

Given:V=42V,1=35A
To find: resistance R
Formula:R=V /|



Solution:
1. Substitute the values:R=42V/3.5A
2. R=12Q
3. Check:V=1xR=35%x12=42VV
Answer:R=12Q

Problem A3
A current of 25 mA flows through a 330 Q resistor as shown. Find the voltage across the resistor.

330Q

+ V=7 -

VR

Supply = ——
P S — / <A> 25 mA

Given: | =25mA,R=3300Q

To find: voltage V across the resistor
Formula: V=1xR

Solution:

1. Convert the current to amperes: 25 mA =25 x 107 A=0.025 A
2. Substitute the values: V=0.025Ax330Q
3. v=8.25V

Answer:V=8.25V

Problem A4

An LED needs 20 mA to glow normally and has a 2 V drop across it. It is powered from a 5 V supply
through a series resistor R. Find the value of R.

R=7

WA

VR

5V —— =20 mA SZ§ LED (2 V drop)




Given: supply voltage =5V, LED voltage drop =2V, | =20 mA

To find: series resistance R

Formula: R=V_R /I, where V_R is the voltage across the resistor

Solution:

1. The same current flows through the LED and the resistor, and the supply voltage is shared

between them.
2. Voltage across the resistor:V.R=5-2=3V
3. Convert the current: 20 mA =0.02 A
4, R=3V/0.02A=150Q

Answer: R=150Q

Problem A5

A 2.2 kQ resistor is connected across a 12 V supply. Find the current through it in milliamperes.

Given:V=12V,R=2.2kQ

To find: current | in mA

Formula: 1=V /R

Solution:

|-R=22 kQ

————— N U U -

1. Convert the resistance to ohms: 2.2 kQ = 2.2 x 1000 = 2200 Q
2. Substitute the values: 1=12V /2200 Q = 0.005454 A
3. Convert to milliamperes: 0.005454 x 1000 = 5.45 mA

Answer: | = 5.45 mA

Problem A6

The following voltage and current values are given for a resistor. (a) Check whether the resistor obeys
Ohm's law. (b) Find its resistance. (c) Find the current when 10 V is applied.

Voltage V (V)
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Current | (mA)
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16
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Given: the four (V, 1) pairs above

To find: whether V/I is constant, the value of R, and | at 10 V
Formula:R=V/|I

Solution:

1. Calculate V /| for each pair (current converted to amperes):
o 2V/0.004A=500Q
o 4V/0.008A=5000Q
o 6V/0.012A=5000Q
o 8V/0.016 A=5000Q
2. Theratio V /I is the same for every pair, and the graph is a straight line through the origin. So
the resistor obeys Ohm's law (it is ohmic).
3. Resistance = slope of the V-l graph=AV /AlI=(8-2)V /(16 -4) mA=6V /0.012A=5000Q
4. At10V:I=V/R=10V/5000=0.02A=20mA

Answer: (a) Yes, it obeys Ohm's law. (b) R =500 Q. (c) | = 20 mA

Problem A7

Three resistors R, = 100 Q, R, =220 Q and R; = 180 Q are connected in series across a 24 V supply as
shown. Find the total resistance, the circuit current and the voltage across each resistor.

R1=100Q

24V ——
- I=7 § R:=2200

R:=1800



Given:V=24V,R;=100Q, R, =220Q,R3=180Q

To find: R_total, I, V4, V3, Vs

Formula: R_total =R+ R, +Rs3, 1=V /R _total,V.n=1xR_n
Solution:

1. R_total=100+220+ 180=5000Q

2. 1=24V /500 Q=0.048 A = 48 mA (the same current flows through every series resistor)
3. V;=0.048x100=4.8V

4. V,=0.048x220=10.56V

5. V3=0.048 x180=38.64V

6. Check:4.8+10.56+8.64=24V V

Answer: R_total =500 Q,1=48 mA, V;=4.8V,V,=10.56 V,V; =8.64 V

Problem A8

Two resistors R, = 40 Q and R, = 60 Q are connected in parallel across a 20 V supply as shown. Find the
current in each resistor, the total current and the equivalent resistance.

I=7
A
—_—

20V p— R:=400Q R = 60 0
=71 =7 1

Given:V=20V,R=40Q,R,=60Q

To find: I, |5, total current |, equivalent resistance R_eq

Formula: | =V / R for each branch (the voltage across each parallel branch equals the supply voltage)
Solution:

Kh=20V/40Q=05A

b=20V/60Q=0.333A

Total current =1, +1,=0.5+0.333=0.833 A

R eq=V/I1=20V/0.833A=24Q0

Check: (40 x 60) / (40 + 60) =2400/100=24Q vV

v whRE

Answer:1;=0.5A,1,=0.333A,1=0.833A,R_eq=24Q



Problem A9

The ammeter in the circuit shown reads 7.5 mA when the battery is connected to a 1.2 kQ resistor.
Find the battery voltage.

R=1.2k0Q

v=? — [ (A) 7.5 mA

Given: | =7.5mA, R=1.2 kQ
To find: battery voltage V
Formula: V=1xR

Solution:

1. Convert the current: 7.5 mA=7.5x10"3 A =0.0075 A
2. Convert the resistance: 1.2 kQ = 1200 Q
3. V=0.0075A%x1200Q0=9V

Answer:V=9V

Problem A10

R (unknown)

V =6MWnl=30mA

Then apply V= = 15 V to the same fixed resistor

When 6V is applied across a fixed resistor, the current through it is 30 mA. Find (a) the resistance and
(b) the current when the voltage is raised to 15 V.

Given:V,=6V,1;=30mA, V, =15V

Tofind: Rand I,

Formula:R=V /I, thenl=V/R

Solution:

1. Convert the current: 30 mA=0.03 A
2. R=6V/0.03 A=200Q (R stays constant because the resistor is fixed)
3. 1,b=V,/R=15V/200Q=0.075A=75mA



4. Check using proportionality: 15 / 6 = 2.5 times the voltage, so the current is 2.5 x 30 mA = 75 mA
v

Answer: (a) R=200Q. (b) =75 mA

Part B: Kirchhoff's Current Law (10 solved numericals)

Ten original problems that apply KCL (2I = 0 at a junction), each drawn as a junction or circuit. In every
problem, currents entering the junction are taken as positive and currents leaving as negative. Unknown
currents are shown in red.

Problem B1

Four wires meet at a junction as shown. Currents of 9 A and 6 A enter the junction, and 4 A leaves
through one wire. Find the current I; in the fourth wire.

. =9A Is ?

6 A 4 A
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I2

Given: ;=9 A (in), I, =6 A (in), la=4 A (out)
To find: |5 (leaving)

Formula: ZI = 0, so total current entering = total current leaving

Solution:
1. ApplyKCL:lh+lh=Is+14
2. Substitute:9+6=13+4
3. 15=13+4
4, 13=15-4=11A

Answer: I3 = 11 A, leaving the junction

Problem B2

A current of 15 A enters a junction and divides into three wires as shown. Two of the wires carry 6 A
and 3.5 A. Find the current |, in the third wire.



2=6A

h=15A » » 3=35A

Given: ;=15 A (in), I =6 A (out), I3 = 3.5 A (out)
To find: I, (leaving)

Formula: 21 =0

Solution:

1. Entering is positive, leaving is negative: 15-6-3.5-1,=0
2. 55-1,=0
3. 1,=55A

Answer: I = 5.5 A, leaving the junction

Problem B3

In an electronic circuit, currents of 25 mA and 40 mA enter a junction. One wire carries 18 mA away
from the junction. Find the current |, in the other outgoing wire.

L =25 mA Is =18 mA

=
l; = 40 mA la =7
Given: |, =25 mA (in), I, =40 mA (in), Is = 18 mA (out)
To find: 14 (leaving)
Formula: total current entering = total current leaving
Solution:

1. All currents are in the same unit (mA), so no conversion is needed.



2. Total entering: 25+ 40 = 65 mA
3. Total leaving: 18 + 14
4, Equate:65=18+14,5014=65-18=47 mA

Answer: I, = 47 mA, leaving the junction

Problem B4

Three branches are connected in parallel across a supply as shown. The ammeter in the main line
reads 2.4 A. The ammeters in the first two branches read 0.9 A and 0.7 A. Find the reading of ammeter
Az in the third branch.

o

24 A
®

Supply -

Q

Given: main current=2.4A,11=09A,1,=0.7A

To find: I5

Formula: at junction P, the main current divides into the branch currents: 1=l + |, + I3
Solution:

1. Apply KCL at junctionP: 2.4=0.9+0.7 + 15
2. 24=16+15
3. 13=24-16=08A

Answer: A; reads 0.8 A

Problem B5

Five wires meet at a junction as shown. Currents of 3.2 A and 1.8 A flow towards the junction. Of the
other three wires, two carry 2.6 A and 1.1 A away from it. Find the current I, and state its direction.



h=32A s =206A

la

l2=1.8 A Is=1.1A

Given: ;=3.2 A (in), I, =1.8 A(in), s=2.6 A (out), Is=1.1 A (out)
To find: I,

Formula: 2l =0

Solution:
1. Assume l4 leaves the junction. Then: 3.2 +1.8-2.6-1,-1.1=0
2. 5.0-3.7-14=0
3. 14=13A
4. The answer is positive, so the assumed direction (leaving) is correct.

Answer: I3 = 1.3 A, leaving the junction

Problem B6

At the junction shown, 7 A enters through one wire and 10 A leaves through a second wire. The
direction of the current I; in the third wire is not known. It is assumed to leave the junction. Find I3
and its actual direction.

I2=10 A

|17A—D<

Iz = ? (assumed leaving)

Given: I, =7 A(in), I =10 A (out), I3 assumed leaving
To find: magnitude and actual direction of I5
Formula: ZI = 0 (entering +, leaving -)

Solution:

1. Write KCL with Iz assumed to leave: 7-10-13=0
2. -3-13=0,s0l3=-3A



3. A negative sign means the current actually flows opposite to the assumed direction. So 3 A
enters the junction through the third wire.
4. Check: entering=7+3=10A, leaving=10A Vv

Answer: I3 = 3 A, entering the junction (the assumed direction was wrong)

Problem B7

A 10 A supply current enters junction A of the parallel circuit shown and divides into three branches.
Branches R; and R; carry 3.5 A and 2.5 A. Find the current |, in branch R,, then apply KCL at junction B
to check the current returning to the supply.

I=10A A
_—

Supply ~——

R1 Rz Rz
lh=35A 1 =17 1 Im=25A 1

Given: |=10A,1,=3.5A,13=25A
To find: I, and the current returning to the supply at B

Formula: KCL at each junction

Solution:
1. Atjunction A (current entering = currents leaving): =i+ 1, + I3
2. 10=35+1,+2.5,5010=6+1,
3. b=10-6=4A
4. Atjunction B the three branch currents enter and the supply current leaves: | =1+ 1, +135=3.5+
4+25=10A

5. The current returning to the supply equals the current supplied, as expected.

Answer: |, =4 A, and 10 A returns to the supply at B

Problem B8

A 5 A current enters junction A as shown. A current of 2 A leaves A through an upward wire, and the
remaining current |, flows to junction B. At B, 1.5 A leaves through an upward wire and the rest, I,
continues to the right. Find I, and I,.



h=2A l3=15A

Is=5A l2=7? la=?

>
=]

Given: I;=5A, 11=2A,13=15A

Tofind: I, and |,

Formula: KCL at junction A, then at junction B
Solution:

1. AtjunctionA:ls=l+13,505=2+1;

2. 1,=5-2=3A

3. This |, is the current entering junction B. AtB: I, =3+ 14,503 =15+14
4. 14,=3-15=15A

Answer:l1;=3Aandl;=15A

Problem B9

In a signal-processing circuit, a 4 mA current enters a junction through one wire. Three other wires
carry 2.2 mA, 3.6 mA and 1.4 mA away from the junction. A fifth wire carries a current I, that is not
labelled with a direction. Find I, and state whether it enters or leaves.

4 mA - junction 3.6 mA leaves

Iz unknown dj 1’ A leaves

Given: l; =4 mA (in), 2.2 mA, 3.6 mA and 1.4 mA (out)
To find: I, and its direction

Formula: 2l =0

Solution:

1. Total current leaving: 2.2 +3.6 +1.4=7.2 mA



2. Current entering through I1: 4 mA

3. Enteringis less than leaving, so the missing 7.2 — 4 = 3.2 mA must enter through the fifth wire.

4. Check with signs, |, assumed entering: 4 +1,-2.2-3.6 - 1.4 =0, so |, = 3.2 mA (positive, so the
assumption is correct)

Answer: |, = 3.2 mA, entering the junction

Problem B10

Three resistors R =10 Q, R, = 15 Q and R3; = 30 Q are connected in parallel across a 30 V supply as
shown. Find the current in each resistor and the total current drawn from the supply.

Given:V=30V,Ri=10Q,R,=15Q,R3=300Q
To find: Iy, |5, I3 and the supply current |

Formula: Ohm's law | =V / R for each branch, then KCL: I = 1+ I, + I3

Solution:
1. The voltage across each parallel branch is 30 V.
2. h=30/10=3A
3. 1,=30/15=2A
4, 13=30/30=1A
5. Apply KCL at the top junction: =3 +2+1=6A
6. Check:1/R _eq=1/10+1/15+1/30=6/30,s0R_eq=5QandI=30/5=6AV

Answer: =3 A, 1,=2A,13=1A,1=6A

Part C: Kirchhoff's Voltage Law (10 solved numericals)

Ten original problems that apply KVL (2V = 0 around a closed loop), each with its loop circuit. In every
problem the loop is traversed clockwise, and the current | is assumed to flow clockwise. A voltage rise
(moving through a source from its — terminal to its + terminal) is written as positive. A voltage drop
(moving through a resistor in the direction of the current) is written as negative.

Problem C1

A 30 V battery is connected to three resistors in series as shown. Find the loop current and the voltage
drop across each resistor, then verify KVL.

E =30V

| clockwise



Given: E=30V,R;=20Q,R,=40Q,R;=60Q
Tofind: |, Vi, V, V3

Formula: KVL: E- IRy - IR, - IR3=0

Solution:

Write KVL for the loop: 30 - 201 - 401 - 601 =0
30-1201=0

1=30/120=0.25A

V;=0.25%x20=5V

V,=0.25x40=10V

V3=0.25x60=15V
Verify:30-5-10-15=0V

Noup,krwnNeE

Answer:1=0.25A,V,=5V,V,=10V, V; =15V

Problem C2

Three loads are connected in series across a 15 V source as shown. The voltage drops across the first
two loads are 4.5 V and 6.2 V. Find the voltage Vs across the third load.

Vi=45V Vo = V=7
DN AN DN NN DA NN
v VvV Vv A4 Vv VvV Vv
E=15V
| clockwise

Given:E=15V,V,=45V,V,=6.2V
To find: V3

Formula:E=V;+V,+ Vs, i.e. E-V;-V,-V3=0

Solution:
1. WriteKVL:15-4.5-6.2-V53=0
2. 15-10.7-V3=0
3. V3=43V
4. Verify:45+6.2+43=15VV

Answer:V3; =43V



Problem C3

Two batteries E; =14 V and E, = 6 V are connected so that they both drive current in the same
direction (aiding), with R; =4 Q and R, = 6 Q in the loop as shown. Find the current and the voltage
across each resistor.

Ri=40 R: =60 ,
N AN N A A
A A4 v OV

Ex = 14 Y\nEz = 6 V (aiding)

| clockwise

Given: E; =14V, E; =6V (aiding),R1=4Q,R,=6Q
To find: |, V1, Vz

Formula: 2E-I(R1+R;) =0

Solution:
1. Both sources are voltage rises in the clockwise direction: 14 +6 -41-61=0
2. 20-101=0
3. 1=20/10=2A
4., V;=2x4=8VandV,=2x6=12V
5. Verify:8+12=20V=14+6V

Answer: | = 2 A (clockwise), V, =8V, V, =12V

Problem C4

In the circuit shown, battery E, = 8 V opposes battery E; = 20 V. The resistors are R;=3 Q, R, =5 Q and
Rs =4 Q. Find the current and its direction, and the voltage across each resistor.

Ri=30 R: =50 , R:=40
N N_N_IN N ANA_N_IN AN NI
A" A4 v OV v Vv VvV

E1 = 20 Y\nEz2 = 8 V opposing

| clockwise

Given: E; =20V, E; =8 V (opposing), Ri=3Q,R,=5Q,Rs=4Q
To find: |, its direction, V4, V3, V3
Formula: (E1 - E;) - I(R1+R2+R3)=0

Solution:



1. E,isariseinthe clockwise direction. E; is oriented against the clockwise direction, so it is a drop
of 8 V.

2. WriteKVL:20-8-3I-51-41=0

3. 12-12I=0,s01=1A

4. The answer is positive, so the current flows clockwise (the larger source, E;, decides the
direction).

5. Vi=1x3=3V,V,=1x5=5V,V3=1x4=4V

6. Verify:3+5+4=12V=20-8V

Answer: | =1 A (clockwise), V1=3V,V,=5V,V3=4V

Problem C5

A 50 V supply drives a series circuit of R; = 2 kQ and R, = 3 kQ as shown. Find the current in mA and
the voltage across each resistor.

Ri =2 kQ R: =3KkO .,
I AN IS N A A
A4

E =50V

| clockwise

Given: E=50V, Ry =2kQ, R, =3 kQ
To find: | (in mA), V4, V>

Formula:E-IR;- 1R, =0

Solution:
1. Convert to ohms: R;=2000 Q, R, =3000 Q
2. Write KVL: 50 — 2000l - 30001l = 0, so 50 = 5000l
3. 1=50/5000=0.01A=10mA
4, V,;=0.01%x2000=20V
5. V,=0.01%x3000=30V
6. Verify: 50-20-30=0V

Answer:1=10mA,V,=20V,V,=30V

Problem C6

A 40 V battery drives a current of 1.6 A through the series circuit shown. Ry=8 Qand R, =12 Q are
known. Find the unknown resistor Rs.



Ri=8Q R:=120, Rs =?
D ANAN_DN D ANAN_DS D NN
Vv OV Vv VvV VvV VvV VvV

E=40Vjnl =16 A

| clockwise

Given:E=40V,1=16A,Ri=8Q,R,=12Q
To find: Rs

Formula:E-IR;-IR;-IRz3=0

Solution:
1. Write KVL: 40 - 1.6(8) - 1.6(12) - 1.6R3=0
2. DropacrossRqy: 1.6 x8=12.8 V. Drop across R;: 1.6 x 12 =19.2V
3. 40-12.8-19.2-1.6R3=0,508 =1.6R3
4, R3=8/16=5Q
5. Check:R _total=8+12+5=25Qand1=40/25=1.6 AV

Answer:R3=5Q

Problem C7

In the circuit shown, battery E; = 30 V drives a clockwise current of 1.2 A against an opposing battery
E, of unknown voltage. Ri =6 Q and R, =9 Q. Find E,.

Ri=60Q R2=90
Pa AN AN
vV VvV WV A A4

E:1 = 30 Y\nE:z = ? opposing

I = 1.2 A clockwise

Given: E,=30V,1=12A,R=6Q,R,=9Q, E, opposes E,
To find: E,

Formula: E; - IRy - IR -E; =0

Solution:

1. Write KVL clockwise: 30 - 1.2(6) - 1.2(9) - E; =0
2. Drops:1.2x6=7.2Vand1.2x9=10.8V

3. 30-72-10.8-E;=0

4, 12-E;=0,s0E,=12V



5. Check:netEMF=30-12=18Vand|=18/(6+9)=12AV

Answer: E; =12V

Problem C8

Two identical lamps, each rated 6 V and 0.5 A, are connected in series with a resistor R across a 20 V
supply as shown. Find R so that each lamp works at its rated values.

Lampl:6V Lamp 2.6\, R=7
A_N_N_LS A_N_NA_SSN AN NN
v VvV v VvV VA A

I = 0.5 A clockwise

Given: E =20V, each lamp: 6 Vdrop at 0.5 A
To find: R

Formula: E-V_lampl -V _lamp2-1R=0

Solution:
1. The lamps are in series, so the circuit current is the rated lamp current: | = 0.5 A
2. WriteKVL:20-6-6-0.5R=0
3. 8-0.5R=0,s0R=8/05=160
4. Check: each lamp has resistance 6 /0.5=12Q,soR_total=12+12+16=40Qand1=20/40=

05AV

Answer:R=16 Q

Problem C9

The loop shown contains three batteries, E; =12 V and E, = 8 V driving current clockwise and E; =5V
opposing them, and three resistors R =2 Q, R, =3 Q and R; = 5 Q. Find the current and the voltage
across each resistor.

Ri=20Q R:=30 5 R:=50Q
NS NN A_N_NA_SS
A A" A4 VoV \ A A4

Ex = 12 Y\nE: = 8 V aiding\nEs = 5 V opposing

| clockwise

Given: E; =12V, E; =8V (aiding), Es =5V (opposing), R1=2Q,R,=3Q,R3=5Q

To find: |, V1, Vz, Vs



Formula: (E1+ E; - E3) - I(Ri+ R+ R3) =0

Solution:
1. Rises: 12 Vand 8 V. Drop from the opposing source: 5 V.
2. WriteKVL:12+8-5-21-31-5I=0
3. 15-10I=0,s01=15A
4, V4=15%x2=3V,V,=15%x3=45V,V3=15%x5=75V
5. Verify:3+45+75=15V=12+8-5V

Answer: |1 = 1.5 A (clockwise), V1=3V,V,=45V,V;=75V

Problem C10

In the loop shown, E; =6 V and E, = 18 V act in opposite directions, with R, =4 Q and R, = 8 Q. Assume
the current | flows clockwise. Find | and state its actual direction.

Ri=40Q R: =80
NN P N L. .
v OV v OV

E: = 6 V\nE: = 18 V opposing

Assume | clockwise

Given: E, = 6 V (clockwise rise), E; = 18 V (opposing, anticlockwise), R1=4 Q, R, =8 Q
To find: | and its actual direction

Formula: E;-E;-I(R1+Rz)=0

Solution:

1. Write KVL for the assumed clockwise current: 6 - 18 - 41 -81=0

2. -12-121=0,s01=-1A

3. The negative sign shows the actual current is opposite to the assumed direction, so it flows
anticlockwise. E; is the larger source and decides the direction.

4. Check by writing KVL anticlockwise: 18 -6 - 4(1) - 8(1) =0 vV

Answer: | =1 A, flowing anticlockwise



