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Nodes, Branches and Loops

* Nodes

The point through which a circuit element is connected to the circuit is called node.

Node is a point where, terminal of two or more circuit elements are connected.
Node is a junction point in the circuit.

Can be represented as a single node
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Nodes, Branches and Loops

e Branches

The branch of an electric circuit can be defined more precisely, as the portion of the

circuit between two nodes which can deliver or absorb energy. As per this definition,
the short circuit between two nodes is not referred as branch of electric circuit.

o Y
This is a branch
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Nodes, Branches and Loops

 Loops

An electric circuit has numbers of nodes. If one starts from one node and after
going through a set of nodes returns to same starting node without crossing any
of the intermediate node twice, he has travels through one loop of the circuit.
Loop is any closed path in the circuit formed by branches.
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KIRCHHOFF ’ S L AWS

» Kirchhoff's laws are two equalities that deal with the current and voltage in
electrical circuits.

» They were first described in 1845 by German physicist Gustav Kirchhoff.

» Ohm'’s law by itself is not sufficient to analyze circuits.

» When it is coupled with Kirchhoff’s laws, we have a sufficient, powerful set of
tools for analyzing a large variety of electric circuits.
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Kirchhoft’s Current Law

« Kirchhoff’s Current Law (KCL): The algebraic sum- of currents
entering a node (or a closed boundary) is zero

 The sum of currents entering a node is equal to-the sum of the currents
leaving a node

« Based on law of conservation of charge

Currents
In

I1+|2+|3=I4+|5

. L—L-0L+1+[.=0
Current Entering the Node 172778 s
- Convention:
Current flowing towards the junction is positive (+)
Current Leavi ng t h e No d a Current flowing away from the junction is negative (—) 6
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Kirchhoft’s Voltage Law

« Kirchhoff’s Voltage Law (KVL): The algebraic sum,of voltages around
a closed path (or loop) is zero

« Based on the conservation of energy.

Start and

Add the potentié[l
differences around PSR
the loop.

Loop law: AV, + AV, + AV, + AV, =0
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Limitations of KCL and KVL

KVL and KCL are a part, is just an approximation of classical theory of
electromagnetism for low frequencies and should not be used for high
frequency analysis.

R 1 C
Frequency [Wavelength WN\ i i
1 MHz 300 meters
1 GHz 30 cm ) E
10 GHz 3cm . ey = I, sinfet) e
0= { ﬁ\;}
.
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Ohm’s Law, KCL and KVL

» Ohm'sLaw: V = IR
> KCL: YI1,=0
> KVL: YV, =0
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Resistors 1n Series

R, voltage drops across, V; = lg; cevevvernnnnn (iii)

R, voltage drops across, V, = lg; ccvvevnnnnen. (iv)

R;voltage drops across, Vs = lgg cveevaenannnn (v)

Adding (iii), (iv) and (v):

V,+V,+V,= IR, + IR, + IR; ......(vi) Or,

V=IR=I(R, +R,+R;) Or,

R=R,+R,+R, ”
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Resistors in Parallel

12 In Two resistors in parallel
+ R:R:
1
V <> Rtotal = R Ep R
- R Re[ Rs Rn il

I=L+1,+1I3+ ...1,

4 V 14 V

I= e
R "R R R, = |]F
I_ 1,1 1 N
V. Rf Ry, Rj 'R,
11 1 1 1
Rigtas  R1 Ry Rs R,

11
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Voltage Division

+
V1$R1
+
VZ%RZ

ELECTRICAL

V1 is the voltage across R1:
R1

Vi= *V

R1+R2

V2 is the voltage across R2:
R2

R1+R2

*V

V2=

Voltage division rule
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Current Division
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Kirchhotf’s Voltage Law
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Kirchhotf’s Voltage Law

20V 80 V

L@‘ 80 V +%
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Kirchhotf’s Voltage Law
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Kirchhott’s Voltage and Current Law
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Thankyou
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