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¥ RESISTANCE

¥ KIRKOFFS LAW and LOOP-MESH METHOD

¥ VOLTAGE DIVIDER

¥ INTERNAL RESISTANCE and
 OUTPUT IMPEDANCE

¥ HOW TO MEASURE OUTPUT IMPEDANCE OF A
 DEVICE

¥THEVENIN's THEOREM

PHYS - 321   ELEMENTARY ELECTRONiCS
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Resistivity   !

¥ !  property of a
material characterizing
electron flow

¥ !=1/"   = conductivity  
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Resistance

¥Materials have different resistivities "
¥ R = "  (L/A)  = resistance (Ohms)

L=length   A= cross sectional area

L
A

"
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Ohm's Law

¥ The Voltage drop across a circuit element  R 
is  proportional to the current flowing through it.  

Ri
V

V = i R

¥ The constant of proportionality is the resistance or
Impedance R.  
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Series and Parallel Connections

¥ Resistances in series directly add.   

¥ Resistances in parallel follow the inverse rule of
 addition.  

R1 R2

R = R1+R2

R1 R2

1/R = 1/R1+1/R2

When a voltage V is placed across the pair in
series we write

V = i(R1+R2) = iR

R = R1 + R2

When a voltage V is placed across the pair in
parallel we write

V = i1 R1 = i2 R2  = iR

i = i1 + i2

1/R =1/R1 + 1/R2

R1 R2

V

i

R1
12

V
R2

i1

i
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Kirchoffs Circuit Laws

+V-iR  =  0    (consevation of energy) 
V

Ri

(1) Choose current i to run CW in loops (convention).
(2) Add the emfs (batteries or other voltage sources). 
(3) Subtract the voltage drops across the resistors.

+Va-i1 R1 +i2 R1 = 0
+Vb -i2 R2 -i2  R1 +i1 R1 = 0

Va = i1 R1  -i2 R2
Vb = -i1 R1 +i2 (R1+R2)

solve

Va

R1
i1

R2
i2

Vb
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Example

5V
10"

i1
2"

i2

5V - 10 i1 + 10 i2  = 0
0  - 2 i2  - 10 i2  + 10 i1  = 0

1)  5V =  10 i1 - 10 i2
2)  0 =   -10 i1 + 12 i2
     5V =    0    +  2 i2     adding 1) + 2) --> i2 = 5/2 A

    i1= (12/10)i2 = 3A
    i2 = 5/2 A
    I = i1 = 3A

 Find I1, I2, I  ?
I
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Voltage Divider

V2

V
R1

i

R2

V-i R1 -i R2 = 0
V=i(R1+R2)
i = V/(R1+R2)

V2 = i R2 
      = R2/(R1+R2) V
      = (R2/Rtot) V

Voltage drop on ith resistor is proportional to ratio
of Ri to Rtot!        Vi =  { Ri/Rtot } V

V1 = R1/Rtot x V

V2 = R2/Rtot x V

V1
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Example

ground

i

2"

5V

5"3"

¥What is the voltage drop across the 3"  resistor?
  Ans:  V3"  = (3/10) 5V = 1.5V
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Output Impedance

¥ Every Source of Emf has some small internal  resistance.
¥ A signal generator has an internal resistance called output

Impedance z. ( z~50 Ohm ). 
¥ A voltage divider circuit can be used to measure r and z.
      Adjust R until #VR=1/2V !  Then R = z !

battery
Sine Wave
Generator

z
+-

R

V i R

r
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Input Impedance of Voltmeter and Ammeter

¥ All input devices  has some small internal  resistance to the current
flowing into it.
¥ A voltmeter has  a high input impedance to limit the current  
flowing in to the measuring device.
¥ An ammeter wants to divert all the current into it and therefore 
has a very low input impedance. 

+              -

1M"

V

+            -

1"

A

f
u
s
e
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Circuit Theory

¥ Consider a circuit to be an element which transforms an input  voltage 
waveform to and output voltage waveform. 

VoutVi n Zi n #

Zout

¥ The source voltage Vin sees an effective input impedance Zin  
wrt to driving current through the input of the circuit.   

¥ The output current is driven through an effective series resistance
Zout
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Thevenin's Theorem(1)
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Thevenin's Theorem(2)

Thevenin Equivalent Circuit


