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Basic circuit quantities

Voltage
Current
Resistance
Capacitance
Inductance

Volts (V)
Amperes (A)
Ohms (Q)
Coulomb (C)
Henry (H)
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DC Voltage Sources

o 4

Ideal Real Model Battery

DC Current Sources

0 QL

Ideal Real Model
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Wire

IV Relationship
Symbol ~1
. A
+
lelemY  Velem Vetem
. L d

Wire: The most common element in a schematic is the wire, drawn
as a solid line. The 1V relationship for a wire is:

Velem =0

A wire is an ideal connection with zero volta ge across it.

lelem =
The current through a wire can take any value, and is determined

by the rest of the circuit.
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Resistor

Symbol

R VE]EI‘H

/ elem

IlLﬂn

L]

IV Relationship

21 Slope = I/R

vlh‘.

Resistor: The IV relationship of a resistor is called “Ohm’s Law.”

elem = lelem X R

The voltage across a resistor is determined by Ohm’s Law.

. — Ve lem
—F

elem

The current through a resistor is determined by Ohm’s Law.
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Open circuit

USC

_ _ g)nm é)af.hforma
IV Relationship
Symbol a4
lelem i
+ +* *
Velem Vom

Open Circuit: This element is the dual of the wire.

¢ Velem =?
The voltage across an open circuit can take any value, and is deter-
mined by the rest of the circuit.

* lalem =0
No current is allowed to flow through an open circuit.



Voltage source IV Relationship USC
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Symbol X
+
Vs Velem ‘ /' Ve
Lelem - "

Voltage Source: A voltage source is a component that forces a spe-
cific voltage across its terminals. The 4+ and — signs indicate which
direction the voltage is oriented. The voltage difference between the
+ terminal and the — terminal is always equal to Vs, no matter what
else is happening in the circuit.

* Velem = Vs

The voltage across the voltage source is always equal to the source
value.

lelem =7

The current through a voltage source is determined by the rest of
the circuit.
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Symbol

IE]EI‘H —

Is Velf:m ) V*':-

Current Source: A current source forces current in the direction
specified by the arrow indicated on the schematic symbol. The cur-
rent flowing through a current source is always equal to Is, no matter
what else is happening in the circuit. Note the duality between this
element and the voltage source.

Velem =
The voltage across a current source is determined by the rest of the

circuit.

* lelem = Is
The current through a current source is always equal to the source
value.
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Kirchhoff’s Current Law (KCL)
A place in a circuit where two or more circuit elements meet is called > N »

a node. Kirchhoff’s Current Law (KCL) states that the net current
flowing out of (or equivalently, into) any node of a circuit is zero. To — T —

put this more simply, the current flowing into a node must equal the

current flowing out of that node.
Mathematically, KCL states that: T i
2

) (1)

Node ‘

For example, consider the circuit shown above. We define current

flowing out of the node to be positive, and therefore, current flowing
into the node is negative. From the left branch, there is i1 current
flowing into the node, so there is —ij current flowing out of the node.
Similarly, there is —i current flowing out of the node and i3 current
flowing out of the node. Therefore, the currents must satisfy:

(—i1) + (—iz) +i3 =0 or ij+ip =iz (2)



Rule of circuit analysis - KVL

Kirchhoff’s Voltage Law (KVL)

Kirchhoff’s Voltage Law (KVL) states that the sum of voltages across
the elements connected in a loop must be equal to zero. In our eleva-
tion analogy for voltage, this is equivalent to saying “what goes up
must come down”.

Mathematically, KVL states that:

Y, k=0 (3)
Loop
When adding the voltage “drops” around the loop, we must fol-
low a convention. If the arrow corresponding to the loop goes into
the “+” of an element, we subtract the voltage across that element.
(In our elevation analogy, we went “downhill” from higher voltage
to lower voltage, so we lost “elevation.”) Conversely, if the arrow

goes into the
ment (this is like going “uphill”). Following this convention for the

of an element, we add the voltage across that ele-

example in Figure 11, we find:

Vi—Vp—-Vc=0. (4)

-+

Vig
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Resistors in series

Resistors in Series

O O +9V
} ¢
av Vi
I '
oV _— V. +& Y

T

L) -

0OV Reference

T |I= Emh:I:E'I"'EE

Qv —_ ImA — 3.0k

Equivalent Circuit
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Voltage divider

Resistors in Series

.
ud B
‘?‘v’_—__ Vin
|
i__ I = é Rictal = R1 + R2
9“’T ImA we — 3.0kQ

Equivalent Circuit
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Resistors in parallel

Resistors in Parallel

s
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The voltage across each resistor is the same, but the Poa= boss X Viou
current through each resistor will vary with resistance.
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Current divider

Resistors in Parallel

P

lin 16 mA ]me

P2
48mW

+

19V —. _ I l

|
“«— < —»0

12m :@

R1

1.0kQ2
1/2-W

AmA {11\

I2 l Rz
3.0kQ)
1/2-W

A"

RE

Equivalent Circuit

R, xR,
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Measuring voltage, current, resistance

Measuring Voltage

R, R,
+
V8 s—b— 10k 10°Q
6V T
R>
5kQ 3% error

Actual voltage: 4.0V
Measured voltage: 3.9V

Voltmeter

Real Model
Symbol -

R.

O—

Ideal voltmeter Rin = infinitely large
Real voltmeter R, = hundreds of MQ)

Measuring Current

10Q2 2% error

Actual current: 0.150 A
Measured current: 0.147 A

Ammeter

O—AM—

®

o——

Ideal ammeter R, = O ohms
Real ammeter Ri, = fraction of ohms

Measuring Resistance

ANN
R
in
Ra § 1Q
220
5% error

Actual resistance: 22
Measured resistance: 23

Ohmmeter

+ 0—

_O_

Ideal chmmeter Ri, = 0 ohms
Real chmmeter R, = fractions of ohms
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Finding nodes USC
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Find the node connected to the source USC
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Find other nodes USC
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Merge elements sharing the same nodes USC
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Practice problems

1. True or False:
2. True or False:
3. True or False:

4. True or False:

A voltage source can have any current through it.

A current source can have any voltage across it.
The voltage across R1 and across Rz is the same

The current thmugh the resistors is the same.
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Figure 18: Question 3
Vi C_D $2kﬂ §3k§l

Figure 19: Question 4
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Practice problems USC
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7. How many nodes are in the following circuit?

Figure 21: Question 7
R
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Practice USC
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V, R R 74 2kQ 3KQ
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Ei H Ei i Ei E?]

a. Normal b. Open Circuit c. Short Circuit

12V _— 10Q% 10Q% 10Q

AN

12V — 1002 10Q% ®©= 12V — 100231005 0Q

5A fuse 5A fuse 5A fuse
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