Resistivity and Resistance

Resistivity, p, is a property of a material
describing the degree to which the material

opposes the flow of charges through the material.

Resistance, R, is a property of a device
describing the degree to which the device
opposes the flow of charges through the device.
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Changes as a function of temperature.
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Combinations of resistors

Series:  —AANANNANN—

Parallel:

Combinations of resistors

Combination of series and parallel:

Neither series nor parallel:

Resistors in Series

Resistors in Series

Vi V2
f_RlM f_RZM

Ve =V, +V, + Vs
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Resistors in Series Resistors in Series

Ve=Vi+ Vo + Vs Ir=h=hL=1I
Ry Ry

Vg Rs
||
|I
Vr ViV +Vs VoV, U
T Iy L Lk

[RT:R1+R2+R3]

Resistors in Series Resistors in Series
Pipe Analogy

Vp=Vi+V; +V3 Ir=h=1=I [R =R +R,+R ]
T =Ri+R; +R;

[RT:R1+R2+R3]

Consider connecting two resistors of the same
cross-sectional area in series:

Ly Li+1L, Ly L, A set of pipes in series is more resistant to flow
= =p—+p—=R +R,

Rr=p7=p—7 PPy than any of the individual pipes in the series.

Resistors in Parallel Resistors in Parallel

J— R, R, Rs J— R, v, R, V, Rs Vs




Resistors in Parallel
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Ir=h+L+1
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Resistors in Parallel
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J
L _Ip _h+h+h_h L I

Ry Vr Vr vV,

1_1+1+1
Rr Ry Ry, Ry

Ir=L+L+1

Resistors in Parallel

V=V =V, =V3

Ir=h+hL+1

1 1 1

1
[E‘E+E+E]

Consider connecting two resistors of the same

length in parallel:

Resistors in Parallel
Pipe Analogy

1_1+1+1
Rr R, R, R;

A set of pipes in parallel is less resistant to flow
than any of the individual pipes in the series.

L _Ar_A+dy A A 11
Ry pL pL  pL pL Ry R,
Series Parallel
i 1—21 C—ZC
Capacitance Cr G T= i
) . Z R 1 _ Z 1
Resistance T = i E = R_L
Potential _ Z
Vy = Vi =
Difference ’ ' Vr=Vi
Current Ir=1; Iy = z I
Charge on _ _ Z )
Capacitor Or =@ Qr @

Parallel

N
CT:ZCi
1 _Zl
RT Ri)

Series
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Capacitance Cr G

RT:Z&
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Resistance
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* . . . . .
Not provided. : Example: (_:on5|der the given circuit. _
Mav be used Series Parallel (a) Determine the total (equivalent) resistance.
y . 1 1 (b) Determine the total current.
Capacitance o= Z C Cr= Z C; (b) Determine the potential difference across each
o’ ! resistor.
) 1 1 (c) Determine the current through each resistor.
Resistance |\ Rt = Z R; R Z R
T i
) ) R, = 60Q
Potential [Vr = Z Vi Vp =V, ) Ry R, Ry R, = 400
Difference
Ry = 750
Current Ir =1 Iy = Z I; Vg—— R, = 260
- R, Vg = 24V
arge on . _ Z )
Capacitor |\ 97 = Qr Qlj

R, = 600
Ry R, R; R, R, Rs Ry =400
Ry = 750
Vg—— Vg—— Ry =260
Vg = 24V
Ry Ry
Ry = 600 R, = 600
Ry, Rs R, = 400 Rs R, = 400
Ry = 750 Ry = 750
v, —— R, = 260 v, —— ng R, = 260
. Vg = 24V Vg = 24V
* Ry, =240 Ry, =240
Rizs = 500)
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Ry = 600 R, = 600
R, = 400 Rs R, = 400
Ry = 75Q R; =750
v, —— RT§ R, =260 v, — ng Ry =260
Vg = 24V Vg = 24V
Ry, =240 Ry, = 240
Riz4 = 500 Riz4 = 500)
Ry =300 Ry = 30Q
Ir = 0.8A
[Example
Ry = 600 R, = 600
Rs R, = 400 Ry R, Rs R, = 400
Ry = 750 Ry = 750
Vg —— Ry =260 Vy—— Ry =260
Vs = Viga = Vg = 24V < Vs = Viga = Vg = 24V
Ry, = 24Q 4 Ry, = 24Q
Riz4 = 500) Riz4 = 500)
Ry = 30Q V,=12.48V Ry =300
I = 0.8A Vi, = 1152V I = 0.8A
I, = 0.32A I; = 0.32A
Lips = 0.48A Lip = I = Lpy = 0.48A

Example: Consider the given circuit.
(a) Determine the total (equivalent) resistance.

. Ry R,
(b) Determine the total current.
(b) Determine the potential difference across each v ’
resistor. Rs
(c) Determine the current through each resistor. R R
2 5
Vg = 50V
R, =30Q Vs
R, = 900 | |
Rs = 400 |
R, =520
Rs = 20Q
Vi
| 2
I I




Example:

Vg
|

* LoopRule: ¥ AV =0

]
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Resistors are neither
connected in series

nor parallel.

Apply Kirchhoff’'s

rules.

* JunctionRule: Y I =00rY I, =X Loy

Example:

V, = 24V
V, =36V
Vs = 12V
V, = 26V
Vs = 14V
Vg = 50V

]
fie

s
'S

R, = 30Q
R, = 90Q
R; = 400
R, =520
Rs =200
Ry = 420
I = 0.8A
I = 04A
I =03A
I, = 0.5A
Is = 0.7A
Ir = 1.2A
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