Kirchhoff’s Voltage and Current
Laws

Kirchhoff’s Laws

Node

— apointin a circuit where two or more circuit components are joined

Loop
— any closed path that passes through no node more than once

Mesh
— aloop that contains no other loop

Examples:
- A, B, C, D, EandF are nodes

— the paths ABEFA, BCDEB v
and ABCDEFA are loops

— ABEFA and BCDEB are meshes
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» Kirchhoff’s Voltage Law (KVL)

At any instant the algebraic sum of all the voltages
around any loop in a circuit is zero
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KVL around loop ABEFA: | Var + Vga + Vep + Vre =0

or with the voltage polarities reversed: ‘ Vea+Vap+Vee +Ver =10 ‘

Proof: | (Va—Ve)+ (Ve —Va)+ (Ve —Vg)+ (VP —Vg) =0
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Example 1: Let us write KVVL around loop ABCDEFA

Var+VBa+ Ve +Vpec+ Vep + Vrg =0

Ve — 1Ry — I3R3 — 3Ry — I3Rs — 1 Rg = 0
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Example 2: Let us write KVVL around loop ABEFA

Var +Vea + Ve + Ve =0

VS —IlRl —IQRQ —IlRG =0
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Example 3: Let us write KVVL around loop BCDEB

Ve +Vep +Vpe +Vep =0

IRy — I3Ry — 3Ry — I3R5 = 0
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KVL:
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Example 4: Notice in the series example given earlier

that the sum of the resistor voltages is equal to the
source voltage.

R,= 0.68 kQ

1.86 V|

P,= 51 mW

l,= 2.74 mA

R,= 1.50 kQ

411V

P,= 11.3mW

;= 2.74 mA

R,= 2.20 kQ

6.03 V

P,= 16,5 mW

l;=2.74 mA

R;= 4.38 kQ

=12V

P,= 32.9 mW

» Kirchhoff’s Current Law (KCL)

At any instant, the algebraic sum of all the currents
flowing into any node in a circuit is zero

ZI,;:O
i

— Label the currents flowing into the node as positive
and the currents flowing out of the node as negative

L+L+L+1,=0

L-L+L-1,+1;=0
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Example 1: Let us write KCL at node A

Ipa+Ia=0

L-1;=0

Example 2: Let us write KCL at node B

Iap+Ilcg+1Igg =0

11—13—[2=0

R

Rs

Example 3: Let us write KCL at node E

Ipg+Ipg+1pe =0

Iy+15—1; =0
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Example 4: Notice in the parallel resistors example
given earlier, the current from the source was equal to
the sum of the branch currents.

KCL: I,—l,—1,—1,=0

I,=|7.4 mA |R,=0.68kQ |V,= 5.0V |P,= 36.8 mW
1,=[3.3mA |R,=1.50 kQ |V,= 5.0V |P,= 16.7 mW
I,=|2.3mA |R,=2.20kQ [V,= 5.0V |p,= 11.4 mW
1,=[13.0 A/ R,;=386 Q |Vs=5.0V | P;= 64.8 mW

Total Power

Total power in an electrical circuit should be zero, i.e., generated power
should be equal to the dissipated power. A negative value for the power
indicates that it is a generated power.

LR
i

Example 1: A R g R ¢
Iy 2 Is
v []R Ra
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Par + Pap + Ppe + Ppc + Pop + Ppg + Ppr =0

Vel +I}Ry + I3Ro + TiR3 + I3 Ry + T3R5 + Ii Rg = 0
Vil = I{Ry + I3Ro + I{R3 + I3Ry + I3Rs + I R

VI, = I{(Ry + Rg) + I3Ry + I5(Rs + Ry + Rs)
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Example 2: Notice in the series example given earlier
that the sum of the resistor voltages is equal to the
source voltage.

KVL:  V,—V,-V,-V;=0

l,= 2.74 mA|R,= 0.68 kQ |V,= 1.86 V| P,=|5.1 mW

l,= 2.74 MA|R,= 1.50 kQ V,= 4.11 V| P,= |11.3 mW

;= 2.74 MA|Ry= 2.20 kQ V,= 6.03 V| P,= |16.5 mW

l;=2.74 MA| R;= 4.38 KQ |V= 12V | P;=/32.9 mW
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Example 3: Notice in the parallel resistors example
given earlier, the current from the source was equal to
the sum of the branch currents.

KCL: I,—l,—1,—1,=0

I,= 7.4 mMA

R,= 0.68 kQ [V,= 5.0V | P,=|36.8 mW

I,= 3.3 mA

R,= 1.50 kQ2 |V,= 5.0V |P,=

16.7 mW

;.= 2.3 mA

Re=2.20kQ V;= 5.0V |P,=

11.4 mW

l,= 13.0 mA

R=386 Q V=50V | P;=

64.8 mW
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Example: Consider the electrical circuit below
a) Find 1.
b) Verify that the total power dissipated equals to the

total power generated.
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a) Let us write KCL and KVL equations for Node B and Loop ABDA, re-
spectively.

I,-—11+6=0 I,=-3A
120 — 101, — 50; =0 Iy =3A

Additionally, let us find V, and V;

Vo=10L, _ Vo =10(-3)=-30V
Vi =501 Vi =50(3) = 150 V




b) Let us calculate powers across all the elements in the circuit

Pioov = Vaplap = 120(3) = 360 (dissipated)
Proo = Vaplap = (=30)(=3) =90 W (dissipated)
Psoo = Veplpp = (150)(3) = 450 W (dissipated)
Psa = Veplep = (150)(—6) = —900W  (generated)

As expected total power in the circuit is zero

Piyov + Proag + Psoa + Psa =0

Total power dissipated = 360 + 90 4 450 = 900 W
Total power generated = 900 W

Example : (with dependent sources)

Consider the electrical circuit below
a) Find 1, 1,, I;and 1,.
b) Verify the power condition (Pyissipated = Pgenerated)

201, Sly 8l3
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Solution: 201, N 8l
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a) By writing a KVL equation Loop ABCFGA, we can find I,
50 + 201y — 514 — 401, =0
50 =251, =0
I, =2A
Then, by writing a KVL equation Loop ABGA, we can find I3
50+ 201, — 1813 = 0
50 4+ 20(2) — 1815 = 0
I;=5A
Then, by writing a KCL equation at Node C we can find I
In=1,+8I3=2+8(5) =42A

Finally, by writing a KCL equation at Node B we can find I;
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b) Let us first a write a KVL equation in Loop CDEFC to find Ve p

Ver —Vep = Vpe =0
40(2) — Vep —20=10
Vep =60V
Now, let us calculate powers across all the elements in the circuit

Psoy = Vaglag = 50(—47) = —2350 W (generated)
Poor, = Vaplap = (—20(2))(47) = —1880 W (generated)
Pisa = Vealpe = (18(5))(5) = 450 W (dissipated)
P51, = Veelpe = (5(2))(42) = 420 W (dissipated)
Pya = Vorlcr = (40(2))(2) = 160 W (dissipated)
Psr, = Veplep = (60)(8(5)) = 2400 W (dissipated)
Pyyy = Vpelpe = (20)(8(5)) = 800 W (dissipated)

Total power dissipated = 450 + 420 + 160 + 2400 + 800 = 4230 W
Total power generated = 2350 4+ 1880 = 4230 W
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Loaded Voltage Divider

The voltage-divider equation was
developed for a series circuit. Recall R
that the output voltage is given by v.() A
R RL
Rs||Ry R||Rr,
Vo = Vi=|l—F—— ]V,
’ ( Ry ) | (R1+R2|RL ' T8

A voltage-divider with a resistive load is a combinational circuit and
the voltage divider is said to be loaded.

The loading reduces the total resistance from Node A to ground.

Example:

What is the voltage across R;? &

Solution:

Form an equivalent series circuit by combining R, and R5; then apply
the voltage-divider formula to the equivalent circuit:

R,,=R,|R =470 Q22 kQ = 387 Q

R
V,=V,,= %3 Vs=[ﬂ]15 V=810V
’ R+R,, 330 Q+387 Q2
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Stiff voltage divider

A stiff voltage-divider is one in which the
loaded voltage nearly the same as the no-
load voltage. To accomplish this, the load
current must be small compared to the
bleeder current (or R, is large compared to
the divider resistors).

Example:  If R, =R, = 1.0 kQ, what value of R, will make the divider a
stiff voltage divider? What fraction of the unloaded voltage is

the loaded voltage?

Solution: R, >10R,; R, should be 10 kQ or greater.

For a 10 kQ load,

[ RIR _ 0.91kQ
LR +R IR S L1.0kQ+0.91kQ

Yoo

This is 95% of the
unloaded voltage.

Loading Effect of a Voltmeter

Assume Vg = 10V, but the meter
reads only 4.04 V when it is
across either R, or R,.

5 +
10V =

R,
470 k2

R,
470 kC2

Can you explain what is happening?

accounts for the readings.

All measurements affect the quantity being measured. A voltmeter has
internal resistance, which can change the resistance of the circuit
under test. In this case, a 1 MQ internal resistance of the meter
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Wheatstone bridge

The Wheatstone bridge consists of a DC
voltage source and four resistive arms
forming two voltage dividers. The output is
taken between the dividers.

Frequently, one of the bridge resistors is
adjustable.

When the bridge is balanced, the output voltage iszero,

and the products of resistances in the opposite diagonal arms are equal.

Example:
What is the value of R, if the 2
bridge is balanced? 12v =

R,=3840

R, R,
470Q %.330Q
Output
R m‘“R/
270 Q
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Troubleshooting

The effective troubleshooter must think logically about
circuit operation.

Analysis:  Understand normal circuit operation and
find out the symptoms of the failure.

Planning: Decide on a logical set of steps to find the
fault.

Measurement: Following the steps in the plan, make
measurements to isolate the problem.

Modify the plan if necessary.

Example: V=
+15V Rig
33007

The output of the voltage-divider is 6V. =

14
Describe how you would use analysis - R IR
and planning in finding the fault. 4700 % %: oy
-

Analysis:  Erom an earlier calculation, V, should equal 8.10 V. A low voltage
is most likely caused by a low source voltage or incorrect resistors
(possibly R; and R, reversed). If the circuit is new, incorrect
components are possible.

Planning:  pecide on a logical set of steps to locate the fault. You could
decide to

1) Check the source voltage,

2) Disconnect the load and check the output voltage, and if it is
correct,

3) Check the load resistance. If Ry is correct, check other resistors.
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