
Chapter 18 

Direct-Current Circuits 



Outline 

18.1. Sources of EMF 

18.2. Resistors in series 

18.3. Resistors in parallel 



18.1. Sources of EMF 

“Electromotive force ε ” (emf)  

Units: J/C = volts  (not actually a force) 
                               but it “pushes” the charges 
                               through the circuit. 

Eg:   Battery 
        (chemical energy  electrical energy) 
        
        Generator 
        (mechanical energy  electrical energy) 

ε  external work per unit charge 
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Real Batteries 

RL (external resistance, “load”) 

r = “internal resistance” of the battery 

B 

A 

r 



I 

I 

I 

VB +     -Ir=VA  
 
VA – VB = V = “terminal voltage”  measured  
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“Terminal voltage” 



ε - Ir = V 



Real Batteries 

RL (external resistance, “load”) 

r = “internal resistance” of the battery 
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“Power of a battery” 
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18.2. Resistors in Series 

R1 R2 R3 I  

1 1
V IR

2 2
V IR

3 3
V IR

A B 

We want to replace this combination by a single 
 resistor with resistance Req 

A B 

Req 

I  



•  Same current through all resistors 
•  Voltages add: 
 

    Veq  = V1 + V2 + V3 + … 
 
   IReq = IR1 + IR2 + IR3 + …    (same current through all) 

...321eq  RRRRSo, 



Quiz 18.3 

In Figure 18.4 the current is measured with the ammeter 

at the bottom of the circuit. When the switch is opened, 

does the reading on the ammeter :           

(a) increase,     (b) decrease, or       (c) not change? 



Example18.1 

Four resistors are arranged as shown in the Figure 

 find  

(a) the equivalent resistance of the circuit and 

(b) the current in the circuit if the emf' of the battery is6.0 V. 



18.3 Resistors in Parallel 
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R1 R2 R3 
I1 I2 I3 
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We want to replace these resistors 
by a single resistance Req: 
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•  Same voltage across each resistor 
 
•  Currents add:     Ieq  = I1 + I2 + I3 +  

Example: find the equivalent resistance of resistors 
 of 5  and 10  in series and parallel. 
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Three resistors are connected in parallel as in the Figure A 

potential difference of 18 V is maintained between points a 

and b. (a) Find the current in each resistor. (b) Calculate the  

power delivered to each resistor and the total power. (c) Find 

the equivalent resistance of the circuit. (d) find the total power 

delivered tothe equivalent resistance. 

Example 18.2 



Four resistors are connected as shown in the Figure (a) Find 

the equivalent resistance between points a and c. (b) what is 

the current in each resistor if a 42-V battery is connected 

between a and c? 

Example 18.3 



Problems 
Q1. A piece of copper wire of resistance R is cut into 

ten equal parts. These parts are connected in parallel. 

The equivalent resistance of the parallel combination 

will be: 

• ΔمϭاϘمن النحاس له م ϙϠسR  حيث Δيϭعشره اجزاء متسا ϰقطع ال
ϱازϭالت ϰϠهذه ااجزاء ع ΕϠصϭ . لدائرة Δالمكافئ ΔمϭاϘفإن الم

 :التϭصيل عϰϠ التϭازϱ هي
• 0.01 R 

• 0.1 R 

• R 

• 10 R 

 



Q2. Three resistors; A, B and C are connected in 

series with a battery. If RA< RB< RC, then the 

resistor with the greatest voltage is: 

• ΕماϭاϘم ΔثاثA, B and C  ΕϠصϭB , C  اليϭالت ϰϠع
 Εاذا كان ،ΔببطاريRA< RB< RC  ϰϠن اكبر عϭد يكϬالج ϕفر ،

ΔمϭاϘالم: 
• A 

• B 

• C 

• All the same. 

 



Q3. If the current given by a source is the same as 

that going back to the source, why do we pay 

money for the electricity company? 

اذا كان مϘدار التيار الصادر من مصدر هϭ نϔس مϘدار التيار •
 :العائد اليه، لماذا يتϡ دفع النϭϘد لشركΔ الكϬرباء

• This is true only for series circuits and what we 

have at home are parallel circuits. 

• All appliances are rated in watts; we pay for 

power (kilowatts). 

• What we pay for is energy. 

• The statement itself is not true.  

 












