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Chapter 5 Current and Resistance 
 
5.1 Electric Current 

 

 
 

a. open circuit   [light bulb does not shine] 

b. closed circuit [light bulb turns on] 

c. the potential difference provided by the battery is reversed [The light bulb shines same 

as before] 

 

d. light bulbs are connected in series [ Each of the two light bulbs shines with significantly  

                                                          less intensity than the single bulb in Fig.b] 

 

e. two batteries in series [the bulb shines significantly brighter] 

 

f. wo light bulbs connected parallel to a single battery [the light bulbs shine with about the  

                                                                                   same intensity] 

 

 

What happens to the brightness of two light bulbs connected in series compared to a 

single bulb in the circuit? 

a) They shine brighter than a single bulb. 

b) They shine with the same intensity as a single bulb. 

c) They shine with less intensity than a single bulb. 

d) They do not light up at all. 
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In a parallel circuit, how does the intensity of the bulbs compare to a single bulb 

connected to a battery? 

a) Each bulb shines with greater intensity. 

b) Each bulb shines with the same intensity as a single bulb. 

c) Each bulb shines with less intensity. 

d) The bulbs do not light up. 

 

 

 

• The random motion of electrons in a conductor is not a current 

• large amounts of charge are moving past a given point is a current 

 

• current i is given by 

 

• The net amount of charge passing a given point in time t   

 

• Total charge is conserved, implying that charge flowing in a conductor is never lost 

 

 

• The unit of current, coulombs per second, was given the name ampere  

(abbreviated A, or sometimes amp)     
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• current direction is the direction where the positive charges would flow 
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Which of the following represents the formula for electric current? 

 

 
What type of current flows in only one direction and does not change with time? 

a) Alternating current 

b) Static current 

c) Direct current 

d) Induced current 

 

Why is positive current defined as flowing from the positive to the negative terminal? 

a) Electrons flow in this direction. 

b) Protons are the charge carriers. 

c) The definition originated before the discovery of electrons. 

d) Current direction is arbitrary. 

 

What happens to the current when the random motion of electrons does not result in net 

charge flow? 

a) The current is zero. 

b) The current increases. 

c) The current decreases. 

d) The current oscillates. 

 

What is the mathematical expression for the net charge flowing in time t? 
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5.2 Current Density 

 

the current density  𝐽𝐽 ���⃗  

the current per unit area flowing through the conductor at that point  

 

 

 

 

 

• d𝐴𝐴 ���⃗  is the differential area element of the perpendicular plane 
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25.3 Resistivity and Resistance & conductance and conductivity 

 

 
Property Resistivity (ρ) Resistance (R) 

Definition 
A measure of how strongly a 
material opposes the flow of 
electric current. 

The opposition to electric 
current flow in a specific 
conductor or device. 

Formula  
 

E is electric field and  
J is current density. 

 
 

ΔV is potential difference and iii 
is current. 

Unit Ohm meter (Ω⋅m) Ohm (Ω) 

Dependence 
Depends only on the material 
properties (temperature, 
composition, etc.). 

 
Depends on both material and 
geometry   

 
 

 
Property Conductivity (σ) Conductance (G) 

Definition 
A material's ability to conduct 
electric current (reciprocal of 
resistivity). 

A measure of how easily current 
flows through a conductor 
(reciprocal of resistance). 

Formula   

Unit Siemens per meter (S/m) Siemens (S) 

Dependence Depends only on the material 
properties. 

Depends on the resistance of the 
conductor. 
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Key Relationships and units: 
 
 
The resistivity, 𝝆𝝆,  

 

 
 

The resistance, R,  

 

 

 

The units of resistance are volts per ampere, a combination that was given the name ohm 

and the symbol Ω 

 

 

• Ohm’s Law ∆V = iR 

 

• Resistivity 

 

• Conductance  

 

          Conductance has the SI derived unit of siemens (S) 

 

 

• conductivity, 𝝈𝝈     

 

• The units of conductivity are (Ω m)–1 
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If a quantity you calculated has units of A ∙ s, what is that quantity? 

A) potential 

B) resistivity 

C) resistance 

D) charge 

 
When a current flows through a metal wire, the moving charges are 

A) only protons. 

B) only electrons. 

C) both protons and electrons. 

D) positive metal ions. 
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If a quantity you calculated has units of Ω ∙ m what is that quantity? 

A) potential 

B) resistivity 

C) resistance 

D) capacitance 

 
The arrow shows the direction in which this conventional current is flowing. Which of the 

following statements are correct? 

 
I-    The charges are moving slower at point b than at point a. 

II-   The electric potential is lower at point b than at point a. 

III-  The electric potential is higher at point b than at point a. 

IV-  The current at point b is the same as the current at point a. 

 

A I and III only 
B II and IV only  
C I , III and IV 
D II and III only 

 

 
A cylindrical metal rod has a resistance R. If both its length and its diameter are tripled, 

its new resistance will be 

A. R.                       B. 9R.                     C. R/3.                    D. 3R. 

 
For the graph shown in the figure, what physical quantity does the slope of the graph 

represent for ohmic material? 

 

A) power 

B) resistivity 

D) resistance 

E) 1/(resistance) 
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Resistance and Resistivity: You are given a copper bar of dimensions 3 cm × 5 cm × 8 cm 

and asked to attach leads to it in order to make a resistor. If you want to achieve the 

smallest possible resistance, you should attach the leads to the opposite faces that 

measure 

A) 3 cm × 5 cm. 

B) 3 cm × 8 cm. 

C) 5 cm × 8 cm. 

D) 5 cm × 5 cm. 

 
Resistance and Resistivity: A wire of resistivity ρ must be replaced in a circuit by a wire 

of the same material but four times as long. If, however, the total resistance is to remain 

as before, the diameter of the new wire must 

 

A) be the same as the original diameter. 

B) be one-half the original diameter. 

C) be one-fourth the original diameter. 

D) be two times the original diameter. 

 
The length of a certain wire is kept same while its radius is doubled. What is the new 

resistance of this wire? 

 

A) It is increased by a factor of 2. 

B) It is increased by a factor of 4. 

C) It is reduced by a factor of 2. 

D) It is reduced by a factor of 4. 

 

Which one of the following quantities is equivalent to 1 Ω? 

A) 1 J/s 

B) 1 A.s 

C) 1 V ∙ A 

D) 1 V/A 
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If the length and diameter of a wire of circular cross section are 

both tripled, the resistance and resistivity will be 

 

 resistance resistivity 

A tripled unchanged 

B unchanged tripled 

C 1/3 R unchanged 

D 1/9 R 1/3 𝜌𝜌 
 

 

 

25.4 Electromotive Force and Ohm’s Law 

 

The mAh is another unit of charge: 

1mAh = (10–3 A)(3600 s) = 3.6 As = 3.6 C. 

 
 
The influence that makes current flow from lower to higher potential is called electromotive 

force (emf). Vemf 

• An emf is not a force, but “energy per unit charge” = volt.  

• The SI unit of Vemf is volt.  
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What does the total poten�al difference around a closed loop in  

a closed circuit equal? 
 

A) The emf of the circuit 
B) Zero 
C) The poten�al drop across all resistors 
D) The product of resistance and current 

 

 
Which of the following is a non-ohmic device? 
 

A) Resistor 
B) Capacitor 
C) Diode 
D) Wire 

 
Which property of resistors is implied by Ohm's Law? 
 

A) Resistance depends on temperature 
B) Resistance is inversely propor�onal to voltage 
C) Current is directly propor�onal to voltage for ohmic resistors 
D) Current is inversely propor�onal to resistance for non-ohmic resistors 
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Connecting electric resistances in a circuit 

Electric resistances can be connected in the electric circuit using two methods which are  

                              A. series connection                        B. parallel connection  

 

A. Resistors connection in series  

 
 

• current is the same through each component  

• the total potential difference of the power supply is shared between the components  

• the total resistance of the circuit is the sum of individual resistors Obtaining big 

resistance 

• Req = NR  for N equal resistances  

 

B. resistors connection in parallel  

 
 

 

 

 

V

V1 = V2 + V3

V

V

1

2 3

A

A A

1

2 3R1 R2

Rtotal = R1 + R2I1 = I2 = I3

Series Circuits

V

V1 = V2 = V3

V

V

1

2

3

A

A

A

1

2

3

R1

R2

1/Rtotal = 1/R1 + 1/R2

I1 = I2 + I3

Parallel Circuits
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• the total current supplied is split between the components on different loops 

• potential difference is the same across each loop 

• the total resistance of the circuit is reduced as the current can follow multiple paths 

• Req = 𝑅𝑅
𝑁𝑁
  for equal N resistors  
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Tips 

 

 
 

 

 
 

 

R = 
𝜌𝜌 𝐿𝐿
𝐴𝐴

 = 
𝜌𝜌 𝐿𝐿
𝜋𝜋𝜋𝜋2

 = 
4 𝜌𝜌 𝐿𝐿
𝜋𝜋𝜋𝜋2
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Area of Hollow cylindrical conductor 
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25.7 Energy and Power in Electric Circuits 

 

 
 

 

 

The electric power ( Pw ) 

The electric energy consumed in 1 second 

It is measured in Wat which is equivalent to Joule / second 
 

Pw = V I = 
  𝐔𝐔  
𝐭𝐭
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When the current through a resistor is increased by a factor of 4, the power dissipated 

by the resistor 

A) decreases by a factor of 4. 

B) decreases by a factor of 16. 

C) increases by a factor of 16. 

D) increases by a factor of 4. 

 
Power: Which one of the following quantities is equivalent to 1 W? 

A) 1 V/A 

B) 1 Ω ∙ m 

C) 1 V ∙ A 

D) 1 V/Ω 

 

 
A resistor R and another resistor 2R are connected in series across a battery. If heat is 

produced at a rate of 10 W in R, then in 2R it is produced at a rate of 

 

A. 40 W.               B. 20 W.                  C. 10 W.               D. 5 W. 

 
If the resistance in a constant voltage circuit is doubled, the power dissipated by that 

circuit will 

A) increase by a factor of two. 

B) increase by a factor of four. 

C) decrease to one-half its original value. 

D) decrease to one-fourth its original value. 

 
If the voltage across a circuit of constant resistance is doubled, the power dissipated by 

that circuit will 

A) be four times as large. 

B) be two times as large. 

C) decrease to one-half the original power. 

D) decrease to one-fourth the original power 
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The picture shows a battery connected to two cylindrical resistors in parallel. Both 
resistors are made of the same material and are of the same length, but the diameter of 
resistor A is twice the diameter of resistor B. 

 

Witch statement is True  

A) The power dissipated in resistor A is 16 times the power dissipated in resistor B. 

B) The voltage drop across resistor B is larger than the voltage drop across resistor A. 

C) The current through the battery is five times larger than the current through wire B. 

D) The current through wire A is two times larger than the current through wire B. 

E) The resistance of resistor B is twice as large as the resistance of resistor A. 

 

 

Two cylinders are made out of the same material and are of equal length as shown. The 
cylinders are connected to a battery with voltage 𝑉𝑉𝑏𝑏. If the voltage drop across resistor 
𝑅𝑅2 is 0.810×𝑉𝑉𝑏𝑏, what is the ratio of the radii 𝑟𝑟1/𝑟𝑟2 of the two cylinders? 

 

 
A. 1.29 

B. 1.51 

C. 1.76 

D. 2.06 
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In the following circuit if R1 = R2 = R3 = R4 = 3 Ω , R5 = 3 Ω and R6 = 4 Ω 
The Vemf = 180 V 

 
 

What is the current flowing through resistors R2 and R3 

 current flowing through resistor R2 current flowing through resistor R3 

A 15 A 10 A 

B 15 A 6 A 

C 10 A 10 A 

D 15 A 5 A 

 

In the circuit in the figure, there are three identical resistors. The switch, S, is initially 
open. When the switch is closed, which statement is TRUE 

 
 

A. The current in R1 will decrease by a factor of 2  
B. The potential drop across R1 equal to that across R2 
C. The potential drop across R3 equal to that across R2 
D. The potential drop across R1 will decrease by a factor of 2 
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When the switch in Figure is closed, the reading of the voltmeter V will 
 
 
 

A- Decrease 
B- Increase 
C- Become zero 
D- Not change 

 
 
 
 
You connect three resistors with resistances R, 2R, and 3R in parallel. The equivalent 
resistance of the three resistors will have a value that is 
 
A. greater than 3R.                                            B. between 2R and 3R. 
C. between R and 2R.                                     D. less than R. 
 
 
In the circuit shown in Figure resistor A has three times the resistor B. Therefore, 
 

 
A. the current through A is three times the current through B. 
B. the current through B is three times the current through A. 
C. the potential difference across A is three times the potential difference across B. 
D. the potential difference is the same across both resistors 
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Three identical light bulbs, A, B, and C, are connected in the circuit shown in Figure. 
When the switch is closed,  
 
A. the brightness of A and B remains the same as it was,  
     but C goes out. 
 
B. the brightness of A and B remains the same as it was,  
    but C will be about half as bright as it was. 
 
C. the brightness of A and B decreases, and C goes out. 
 
D. the brightness of A and B increases, and C will be 
       about half as bright as it was. 
 
E. the brightness of A and B increases, but C goes out. 
 
 

 

 

 
 

 

The equivalent resistance of the circuit shown if Req = 2.3 Ω. If R2 = 40 Ω 
and R3 = 16 Ω, what is the resistance of R1? 
 
a. 11 Ω 
b. 2.9 Ω 
c. 4.1 Ω 
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d. 5.2 Ω 
The following measurements of current and potential difference were made on a resistor 
constructed of Nichrome™ wire, where ab is the potential difference across the wire and I 
is the current through it: 

 
 
(a) Graph Vab as a function of I.  
 

 
 
(b) Does Ohm’s law apply to Nichrome™? Why?  
……………………………………………………………………………………………………………………………… 
……………………………………………………………………………………………………………………………… 
 
(c) What is the resistance of the resistor in ohms? 
……………………………………………………………………………………………………………………………… 
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……………………………………………………………………………………………………………………………… 
The I–V characteristic of two Resistors X and Y are shown 
 

 
 
Which statement is correct? 
A. The resistance of X increases as the current increases 
B. At 2 V, the resistance of X is half the resistance of Y 
C. Y doesn’t obey ohm's law and X does. 
D. X  and Y have the same resistance 
 
 
Find the resistance X 
……………………………………………………………………………………………………………………………… 
……………………………………………………………………………………………………………………………… 
……………………………………………………………………………………………………………………………… 
 
Find the power of resistance X 
……………………………………………………………………………………………………………………………… 
……………………………………………………………………………………………………………………………… 
……………………………………………………………………………………………………………………………… 
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Three resistors are connected to a power supply with V = 110. V as shown in the figure. 
 

 
 
 
a) Find the potential drop across R3. 
……………………………………………………………………………………………………………………………… 
……………………………………………………………………………………………………………………………… 
……………………………………………………………………………………………………………………………… 
 
b) Find the current in R1. 
……………………………………………………………………………………………………………………………… 
……………………………………………………………………………………………………………………………… 
……………………………………………………………………………………………………………………………… 
 
c) Find the rate at which thermal energy is dissipated from R2. 
……………………………………………………………………………………………………………………………… 
……………………………………………………………………………………………………………………………… 
……………………………………………………………………………………………………………………………… 
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Find the ratio od resistance A to B 
 

 
……………………………………………………………………………………………………………………………… 
……………………………………………………………………………………………………………………………… 
……………………………………………………………………………………………………………………………… 
 
 
Which of the following is the correct diagram for the relation between conductivity and 
cross-sectional area of a wire 
 

 


