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Lecture 6
C d R iCurrent and Resistance



Ohm’s Law: Resistance and 
Resistors

Experimentally, it is found that the 
current in a wire is proportional to the p p
potential difference between its ends:



Th ti f lt t t i ll dThe ratio of voltage to current is called 
the resistance:

VR =R
I



ResistanceResistanceResistanceResistance

Units of resistance are Units of resistance are ohmsohms ((Ω)Ω)(( ))
1 1 Ω = 1 V / AΩ = 1 V / A

Resistance in a circuit arises due to Resistance in a circuit arises due to 
collisions between the electrons collisions between the electrons 
carrying the current with the fixedcarrying the current with the fixedcarrying the current with the fixed carrying the current with the fixed 
atoms inside the conductoratoms inside the conductor
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Resistance and Resistors

Standard resistors 
f t dare manufactured 

for use in electric 
circuits; they are 
color-coded to co o coded to
indicate their value 
and precisionand precision.



Resistance and Resistors



Ohm’s LawOhm’s Law
Experiments show that for many Experiments show that for many 
materials, including most metals, the materials, including most metals, the 

i t i t t idi t i t t idresistance remains constant over a wide resistance remains constant over a wide 
range of applied voltages or currentsrange of applied voltages or currents

This statement has become known as This statement has become known as 
Ohm’s LawOhm’s Law
ΔV = I R ΔV = I R (or(or V = I R)V = I R)

Ohm’s Law is an empirical relationshipOhm’s Law is an empirical relationshipOhm s Law is an empirical relationship Ohm s Law is an empirical relationship 
that is valid only for certain materialsthat is valid only for certain materials

Materials that obey Ohm’s Law areMaterials that obey Ohm’s Law areMaterials that obey Ohm s Law are Materials that obey Ohm s Law are 
said to be said to be ohmicohmic 7



Ohm’s LawOhm’s Law
In an In an ohmicohmic devicedevice

The resistance isThe resistance isThe resistance is The resistance is 
constant over a wide constant over a wide 
range of voltagesrange of voltagesg gg g
The relationship The relationship 
between current and between current and 
voltage is linearvoltage is linear

I = ΔV /RI = ΔV /RI = ΔV /RI = ΔV /R

The slope is related to The slope is related to 
the resistancethe resistance
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Ohm’s LawOhm’s Law
NonNon--ohmicohmic
materials are thosematerials are thosematerials are those materials are those 
whose resistance whose resistance 
changes with changes with gg
voltage or currentvoltage or current
The currentThe current--voltage voltage gg
relationship is relationship is 
nonlinearnonlinear
A diode is a A diode is a 
common example common example 
ff h ih iof a nonof a non--ohmicohmic

devicedevice



QUICK QUIZ 3
In the figure below, does the resistance of the diode 
(a) increase or (b) decrease as the positive voltage(a) increase or (b) decrease as the positive voltage 
∆V increases?



QUICK QUIZ 3 ANSWER

(b) Th l f th li t t t(b). The slope of the line tangent to 
the curve at a point is the reciprocal p p
of the resistance at that point. Note 
that as ΔV increases the slope (andthat as ΔV increases, the slope (and 
hence 1/R) increases. Thus, the 
resistance decreases. 



Current and Potential

Current I enters a resistor R as shown. 
(a) Is the potential higher at point A or at(a) Is the potential higher at point A or at 

point B? 
(b) Is the current greater at point A or at 

point B?p



Flashlight bulb resistance

A small flashlight bulb draws 
300 mA from its 1 5 V battery300 mA from its 1.5-V battery. 
(a) What is the resistance of 
th b lb?the bulb? 
(b) If the battery becomes ( ) y
weak and the voltage drops 
to 1.2 V, how would theto 1.2 V, how would the 
current change?



ResistivityResistivityResistivityResistivity
The resistance of an The resistance of an ohmicohmic conductor is conductor is 
proportional to its length L and inverselyproportional to its length L and inverselyproportional to its length, L, and inversely proportional to its length, L, and inversely 
proportional to its crossproportional to its cross--sectional area, Asectional area, A

LLR
A

ρ=

ρ is the constant of proportionality and isρ is the constant of proportionality and is

A
ρ is the constant of proportionality and is ρ is the constant of proportionality and is 
called the called the resistivityresistivity of the materialof the material



Resistivity



Speaker wires
Suppose you want to connect 
your stereo to remote speakers. y p

(a) If each wire must be 20 m 
long what diameter copperlong, what diameter copper 
wire should you use to keep the 
resistance less than 0.10 Ω per p
wire? 

(b) If the current to each(b) If the current to each 
speaker is 4.0 A, what is the 
potential difference, or voltage 
drop, across each wire?



S l tiS l tiSolution: Solution: 

a. R =a. R = ρρl/Al/Aa. R  a. R  ρρl/A l/A 

you can solve this for A and then find the you can solve this for A and then find the 
diameter: diameter: 

D = 2 1 mmD = 2 1 mmD = 2.1 mm.D = 2.1 mm.

b. V = IR = 0.40 V.b. V = IR = 0.40 V.



Stretching changes resistanceStretching changes resistance
Suppose a wire of resistance R could beSuppose a wire of resistance R could be 
stretched uniformly until it was twice its 
original length What would happen tooriginal length. What would happen to 
its resistance?



Solution: Solution: 

The total volume ofThe total volume of thethe wirewireThe total volume of The total volume of the the wire wire 
should stay the same; should stay the same; y ;y ;
therefore if the length doubles, therefore if the length doubles, 
the c ossthe c oss sectional a ea A issectional a ea A isthe crossthe cross--sectional area A is sectional area A is 
halved.halved.halved.halved.
This increases the resistance by This increases the resistance by 

f t f 4f t f 4a factor of 4.a factor of 4.



QUICK QUIZ 4

Aliens with strange powers visit Earth and doubleg p
every linear dimension of every object on the
surface of the Earth. Does the electrical cord
from the wall socket to your floor lamp now have
(a) more resistance than before, (b) less

i t ( ) th i t ? D thresistance, or (c) the same resistance? Does the
light bulb filament glow (d) more brightly than
before (e) less brightly or (f) the same?before, (e) less brightly, or (f) the same?
(Assume the resistivities of materials remain the
same before and after the doubling.)same before and after the doubling.)



QUICK QUIZ 4 ANSWER

(b), (d). The length of the line cord will double in 
thi t Thi ld t d t i ththis event. This would tend to increase the 
resistance of the line cord. 
But the doubling of the radius of the line cordBut the doubling of the radius of the line cord 
results in the increase of the cross-sectional area by 
a factor of 4. This would reduce the resistance more 
than the doubling of length increases it. 
The net result is a decrease in resistance. 
Th ff ld f h li h b lbThe same effect would occur for the light bulb 
filament. The lowered resistance would result in a 
larger current in the filament causing it to glowlarger current in the filament, causing it to glow 
more brightly.



QUICK QUIZ 5

A voltage ΔV is applied across the ends of g pp
a nichrome heater wire having a cross-
sectional area A and length L.sectional area A and length L. 
The same voltage is applied across the 
ends of a second heater wire having aends of a second heater wire having a 
cross-sectional area A and length 2L. 
Whi h i t h tt ? ( ) th h tWhich wire gets hotter? (a) the shorter 
wire, (b) the longer wire, or (c) not 
enough information to say.



QUICK QUIZ 5 ANSWER

(a). The resistance of the shorter wire is half(a). The resistance of the shorter wire is half 
that of the longer wire. The power 
dissipated, P = (ΔV)2/R, (and hence the ratedissipated, P  (ΔV) /R, (and hence the rate 
of heating) will be greater for the shorter 
wire. Consideration of the expression P = I2Rwire. Consideration of the expression P  I R
might initially lead one to think that the 
reverse would be true. However, one mustreverse would be true. However, one must 
realize that the currents will not be the same 
in the two wires.in the two wires.



Temperature Variation of Temperature Variation of 
R i ti itR i ti itResistivityResistivity

For most metals resistivity increasesFor most metals resistivity increasesFor most metals, resistivity increases For most metals, resistivity increases 
with increasing temperaturewith increasing temperature

With a higher temperature, the metal’s With a higher temperature, the metal’s 
constituent atoms vibrate with constituent atoms vibrate with 
increasing amplitudeincreasing amplitude
The electrons find it more difficult to The electrons find it more difficult to 
pass the atomspass the atoms



Temperature Variation of ResistivityTemperature Variation of Resistivity

For most metals, resistivity increases For most metals, resistivity increases 
approximately linearly with temperatureapproximately linearly with temperatureapproximately linearly with temperature approximately linearly with temperature 
over a limited temperature rangeover a limited temperature range

[1 ( )]o oT Tρ ρ α= + −
ρρoo is the resistivity at some reference is the resistivity at some reference 
temperature Ttemperature Too

TToo is usually taken to be 20is usually taken to be 20°° CC
αα is theis the temperature coefficient oftemperature coefficient ofαα is the is the temperature coefficient of temperature coefficient of 
resistivityresistivity



Temperature Variation of ResistanceTemperature Variation of ResistanceTemperature Variation of ResistanceTemperature Variation of Resistance

Since the resistanceSince the resistance RR of a conductorof a conductorSince the resistance Since the resistance RR of a conductor of a conductor 
with uniform cross sectional area  with uniform cross sectional area  AA is is 

ti l t th i ti itti l t th i ti itproportional to the resistivity proportional to the resistivity ρρ , you , you 
can find the effect of temperature on can find the effect of temperature on 
resistanceresistance

[1 ( )]R R T T[1 ( )]o oR R T Tα= + −



SuperconductorsSuperconductors
A class of materials and A class of materials and 
compounds whose compounds whose 
resistances fall to virtually resistances fall to virtually 
zero below a certain zero below a certain 
temperature Ttemperature Ttemperature, Ttemperature, TCC

TTCC is called the is called the critical critical 
temperaturetemperature

The graph suddenly drops The graph suddenly drops 
to zero at Tto zero at TCC

Once a c ent is set p inOnce a c ent is set p inOnce a current is set up in Once a current is set up in 
a superconductor, it a superconductor, it 
persists without any persists without any p yp y
applied voltage since R = 0applied voltage since R = 0



Electrical Energy and PowerElectrical Energy and PowerElectrical Energy and PowerElectrical Energy and Power

In a circuit, as a charge moves through the In a circuit, as a charge moves through the , g g, g g
battery, the electrical potential energy of the battery, the electrical potential energy of the 
system is increased by system is increased by ΔQΔVΔQΔV

The chemical potential energy of the battery The chemical potential energy of the battery 
decreases by the same amountdecreases by the same amount

As the charge moves through a resistor, it As the charge moves through a resistor, it 
loses this potential energy during collisions loses this potential energy during collisions 
with atoms in the resistorwith atoms in the resistorwith atoms in the resistorwith atoms in the resistor

The temperature of the resistor will increaseThe temperature of the resistor will increase



Electrical Energy and PowerElectrical Energy and Powergygy

The rate at which the energy is lost is the The rate at which the energy is lost is the gygy
powerpower QP V I VΔ

= Δ = Δ

F om Ohm’s La alte nate fo ms ofF om Ohm’s La alte nate fo ms of

P V I V
t

= Δ = Δ
Δ

From Ohm’s Law, alternate forms of From Ohm’s Law, alternate forms of 
power arepower are

2( )VΔ 2
2 ( )VP I R

R
Δ

= =
R



Electrical Energy and PowerElectrical Energy and Power
The SI unit of power is Watt (W)The SI unit of power is Watt (W)

I must be in Amperes, R in ohmsI must be in Amperes, R in ohms and V in and V in 
VoltsVolts

The unit of energy used by electric The unit of energy used by electric 
i i thi i th kil ttkil tt hhcompanies is the companies is the kilowattkilowatt--hourhour

This is defined in terms of the unit of power This is defined in terms of the unit of power 
and the amount of time it is suppliedand the amount of time it is suppliedand the amount of time it is suppliedand the amount of time it is supplied
1 kWh = 3.60 x 101 kWh = 3.60 x 1066 JJ



QUICK QUIZ 6

For the two resistorsFor the two resistors 
shown here, rank the 
currents at points a
through f , fromthrough f , from 
largest to smallest.



QUICK QUIZ 6 ANSWER

Ia = Ib > Ic = Id > Ie = If . Charges constituting the 
current Ia leave the positive terminal of the battery and 
then split to flow through the two bulbs; thus, Ia = Ic + 

I Because the potential difference ΔV is the sameIe. Because the potential difference ΔV is the same 
across the two bulbs and because the power delivered 
to a device is P = I(ΔV), the 60–W bulb with the higherto a device is P  I(ΔV), the 60 W bulb with the higher 
power rating must carry the greater current. Because 

charge does not accumulate in the bulbs, all the 
charge flowing into a bulb from the left has to flow out 
on the right; consequently Ic = Id and Ie = If. The two 

t l i th b lb bi t f thcurrents leaving the bulbs recombine to form the 
current back into the battery, If  + Id = Ib.



QUICK QUIZ 7Q Q

Two resistors A and B areTwo resistors, A and B, are 
connected across the same potential 
difference The resistance of A isdifference.  The resistance of A is 
twice that of B. (a) Which resistor 
dissipates more power?  (b) Which 
carries the greater current?g



QUICK QUIZ 7 ANSWERQ Q

B, B. Because the voltage across each resistor 
is the same, and the rate of energy delivered to 
a resistor is P = (ΔV)2/R, the resistor with the 
lower resistance exhibits the higher rate of 
energy transfer. In this case, the resistance of 
B is smaller than that for A and thus B 
dissipates more power. Furthermore, because 
P = I(ΔV), the current carried by B is larger 
than that of A.



Electrical Activity in the HeartElectrical Activity in the Heart
Every action involving Every action involving 
the body’s muscles isthe body’s muscles isthe body s muscles is the body s muscles is 
initiated by electrical initiated by electrical 
activityactivity
Voltage pulses cause Voltage pulses cause 
the heart to beatthe heart to beat
These voltage pulses These voltage pulses 
are large enough to are large enough to 
b d t t d bb d t t d bbe detected by be detected by 
equipment attached equipment attached 
to the skinto the skinto the skinto the skin



Electrocardiogram (EKG)Electrocardiogram (EKG)
A normal EKGA normal EKG
P j t b fP j t b fP occurs just before P occurs just before 
the atria begin to the atria begin to 
contractcontractcontractcontract
The QRS pulse occurs The QRS pulse occurs 
in the ventricles justin the ventricles justin the ventricles just in the ventricles just 
before they contractbefore they contract
The T pulse occursThe T pulse occursThe T pulse occurs The T pulse occurs 
when the cells in the when the cells in the 
ventricles begin to ventricles begin to 
recoverrecover



Abnormal EKGAbnormal EKGAbnormal EKGAbnormal EKG

The QRS portion The QRS portion Q pQ p
is wider than is wider than 
normalnormalnormalnormal
This indicates the This indicates the 

ibilit fibilit fpossibility of an possibility of an 
enlarged heartenlarged heart



Abnormal EKGAbnormal EKG

There is no constant relationship between P and QRS There is no constant relationship between P and QRS 
pulsepulsepulsepulse
This suggests a blockage in the electrical conduction This suggests a blockage in the electrical conduction 
path between the SA and the AV nodespath between the SA and the AV nodespp
This leads to inefficient heart pumpingThis leads to inefficient heart pumping



Abnormal EKGAbnormal EKG

No P pulse and an irregular spacing between theNo P pulse and an irregular spacing between theNo P pulse and an irregular spacing between the No P pulse and an irregular spacing between the 
QRS pulsesQRS pulses
Symptomatic of irregularSymptomatic of irregular atrialatrial contraction, calledcontraction, calledSymptomatic of irregular Symptomatic of irregular atrialatrial contraction, called contraction, called 
fibrillationfibrillation
The The atrialatrial and ventricular contraction are irregularand ventricular contraction are irregular



Implanted Implanted CardioverterCardioverter
D fib ill t (ICD)D fib ill t (ICD)Defibrillator (ICD)Defibrillator (ICD)

Devices that can Devices that can 
monitor, record and monitor, record and 
logically process logically process 
heart signalsheart signals
Then supply Then supply 
different corrective different corrective 
signals to hearts signals to hearts 
that are not beating that are not beating 
correctlycorrectly


