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Lecture (19): Direct Current Circuits 

• Electromotive Force 

• Finding the current in a simple circuit 

• Kirchhoff’s Rules 

• Single-Loop Circuit 

• Multi-Loop Circuit 

• Problems 
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 الدوائر هذه بتحلٌل سنقوم  .ومقاومة بطارٌة على تحتوي التً الكهربٌة الدوائر مع الفصل هذا فً سنتعامل

 من عنصر كل فً المار الكهربً التٌار لحساب  Kirchhoff's rule كٌرشوف قاعدة على معتمدٌن الكهربٌة

 .Electromotive force  الكهربٌة الدافعة القوة مفهوم على سنتعرف وبداٌة  .الكهربٌة الدائرة عناصر
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In any electrical circuit it must exist a device to provide 

energy to force the charge to move in the circuit, this 

device could be battery or generator; in general it is 

called electromotive force (emf) symbol ().   

The electromotive force are able to maintain a potential 

difference between two points to which they are 

connected. 

Then electromotive force (emf) () is defined as the 

work done per unit charge. 

 
The unit of  is joule/coulomb, which is volt. 

The device acts as an emf source is drawn in the circuit 

as shown in the figure, with an arrow points in the 

direction which the positive charge move in the external 

circuit.  

dq

dW
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• Consider the circuit shown in figure (a) where a 

battery is connected to a resistor R with connecting 

wires assuming the wires has no resistance. 

• In the real situation the battery itself has some internal 

resistance r, hence it is drawn as shown in the rectangle 

box in the diagram. 

• Assume a +ve charge will move from point a along the 

loop abcd.  In the graphical representation figure (b) it 

shows how the potential changes as the charge moves. 

• When the charge cross the emf from point a to b the 

potential increases to a the value of emf , but when it 

cross the internal resistance r the potential decreases 

by value equal Ir.  Between the point b to c the 

potential stay constant since the wire has no resistance.  

From point c to d the potential decreases by IR to the 

same value at point a. 
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The potential difference across the battery between point a 

and b is given by 

Vb - Va =    - Ir 

Note that the potential difference across points a and b is 

equal to the potential difference between points c and d i.e. 

Vb - Va = Vd - Vc =  IR 

Combining the equations  

IR =  - Ir 

Or 

 = IR + Ir 

Therefore the current I is 

 

 

This equation shows that the current in simple circuit 

depends on the resistors connected in series with the 

battery. 

 

 

rR
I
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We can reach to the same answer using this rule 

 

The algebraic sum of the changes in potential difference across each element of the 

circuit in a complete loop is equal to zero. 

  

rR
I






By applying the previous rule on the circuit above 

starting at point a and along the loop abcda  

Here in the circuit we have three elements (one emf and 

two resistors r&R) applying the rule we get, 

+   -  Ir  -  IR  =  0 

The +ve sine for  is because the change in potential 

from the left to the right across the battery the potential 

increases, the -ve sign for the change in potential across 

the resistors is due to the decrease of the potential as we 

move in the direction abcda 
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Find the current flow in the branch if the potential difference Vb – Va = 12v.  Assume 

1=10v, 2=25v, R1=3, and R2=5. 

 

 

 

 

We must assume a direction of the current flow in the branch and suppose that is from 

point b to point a.    To find the current in the branch we need to add all the algebraic 

changes in the potential difference for the electrical element as we move from point a 

to point b. 

Vb - Va = +1 + IR1 + IR2 - 2 

 

 انشغم هى Vb-Va انكهسبي انجهد فسق أن عهى معتمديه وذنك  .b انىقطة إنى  aانىقطة مه انمساز اختسوا أوىا هىا الحظ

 .b انىقطة إنى  aانىقطة مه شحىة نتحسيك انمبرول
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Solution 
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Find the potential difference Va-Vb for the branches shown in the figure. 

 

 

 

 

 

 

To find the potential difference Va-Vb we should add the algebraic change in the 

potential difference for the two batteries as we move from point b to point a 

 

Va-Vb = +2 - 1 = 12 - 10 = 2v 

 

 

10v 12v

a b

1 
2

Solution 
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Find the potential difference Va-Vb for the branches shown in the figure. 

 

 

 

 

 

 

Va - Vb = +3 + 2 - 1 = 5 + 15 - 30 = -10v 

 

 الجهد إلى المزتفع الجهد مه ٌسزي الكهزبً التٍار أن وحٍث a الىقطة مه أعلى جهد لها b الىقطة أن ٌعىً وهذا

 .1 البطارٌة بىاسطة شحه حالة فً تكىوان  2 و  3 البطارٌتٍه فإن لذا المىخفض

 

 

30v 5v

a b

1 
3

15v

2
Solution 
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1. A battery with an emf of 12V and internal resistance of 0.9 is connected across a 

load resistor R. If the current in the circuit is 1.4A, what is the value of R? 

2. What power is dissipated in the internal resistance of the battery in the circuit 

described in Problem 8.1? 

3. (a) What is the current in a 5.6 resistor connected to a battery with an 0.2 

internal resistance if the terminal voltage of the battery is 10V? (b) What is the emf 

of the battery? 

4. If the emf of a battery is 15V and a current of 60A is measured when the battery is 

shorted, what is the internal resistance of the battery? 

5. The current in a loop circuit that has a resistance of R1 is 2A. The current is 

reduced to 1.6A when an additional resistor R2=3 is added in series with R1.  

What is the value of R1? 

6. A battery has an emf of 15V. The terminal voltage of the battery is 11.6V when it 

is delivering 20W of power to an external load resistor R. (a) What is the value of 

R? (b) What is the internal resistance of the battery? 
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7. A certain battery has an open-circuit voltage of 42V. A load resistance 

of 12 reduces the terminal voltage to 35V. What is the value of the 

internal resistance of the battery? 

8. Two circuit elements with fixed resistances R1 and R2 are connected in 

series with a 6V battery and a switch.  The battery has an internal 

resistance of 5, R1= 32, and R2=56. (a) What is the current 

through R1 when the switch is closed? (b) What is the voltage across R2 

when the switch is closed? 

9. The current in a simple series circuit is 5.0A. When an additional 

resistance of 2.0 is inserted, the current drops to 4.0 A. What was the 

resistance of the original circuit? 

10. Three resistors (10, 20, and 30) are connected in parallel.  The 

total current through this network is 5A. (a) What is the voltage drop 

across the network (b) What is the current in each resistor? 
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11. Find the equivalent resistance between 

points a and b in Figure 8.27. (b) A potential 

difference of 34V is applied between points 

a and b in the Figure. Calculate the current 

in each resistor. 

 

12. Evaluate the effective resistance of the 

network of identical resistors, each having 

resistance R, shown in the figure 

 

13. Calculate the power dissipated in each 

resistor in the circuit of the figure. 

 

14. Consider the circuit shown in the figure. 

Find (a) the current in the 20 resistor and 

(b) the potential difference between points a 

and b. 
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