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   Series and Parallel Combinations of Resistors 

Circuit elements are connected in series when a common current passes 

through each element. The equivalent resistance Req of a combination of 
resistors Rs connected in series is given by summing the voltage drops 

across each resistor. 

                            V=∑ 𝑉𝑠𝑠 = 𝐼 ∑ 𝑅𝑠𝑠  ………………..(7) 

                             Req=∑ 𝑅𝑠𝑠   ………………………...(8) 

Circuit elements are connected in parallel when a common voltage is 

applied across each element. The equivalent resistance Req of a 
combination of resistors Rs connected in parallel is given by summing the 

current through each resistor 

                                𝐼 = ∑ 𝐼𝑠 = ∑
𝑉

𝑅𝑠𝑠  𝑠  …………….  (9) 

                                
1

𝑅𝑒𝑞
=

𝐼

𝑉
∑

1

𝑅𝑠𝑠          ……………..(10) 

The following ``divider'' circuits are useful combinations of resistors. 

Believe it or not, they are a super useful concept that will often be used in 

one form or another; learn it. 

Voltage Divider: 

 

Figure 1.3:  Divider circuits: a) voltage divider and b) current divider. 
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Consider the voltage divider shown in figure 1.3 a. The voltage across the 
input source is Vin=(R1+R2)I and the voltage across the output between 

terminals A and B is Vout=R2I . The output voltage from the voltage 

divider in thus 

                                       𝑉𝑜𝑢𝑡 =
𝑅2

𝑅1+𝑅2
Vin ……………(11) 

                                     

Example: Determine an expression for the voltage V2 on the voltage 

divider in figure 1.4. 

  

 

Figure 1.4: Example voltage divider. 

We take the bottom line in figure 1.4 to be at ground and define the current 
flowing between V2 and ground to be I. Ohm's law gives 

 

                      V2=I R23  where    R23=
𝑅2𝑅3

𝑅2+𝑅3
 …………(12) 

 

Applying Kirchoff's voltage law for the input source gives 

                                V= IR,   where R=R1+R23 …………(13) 

https://sites.ualberta.ca/~gingrich/courses/phys395/notes/node12.html#ch1div
https://sites.ualberta.ca/~gingrich/courses/phys395/notes/node12.html#fig104
https://sites.ualberta.ca/~gingrich/courses/phys395/notes/node12.html#fig104
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Combining the above two results and solving for V2 leads to 

                                   

                             V2=
𝑅23

𝑅
𝑉 =

𝑅2𝑅3

𝑅1𝑅2+𝑅2𝑅3+𝑅3𝑅1
𝑉 ……….. 

  

Current Divider: 

Consider the current divider shown in figure 1.3b. The source current is 

divided between the two resistors and is given by Iin=I1+I2 . The voltage 

at the output is V=IoutR2 . The output current from the current divider is 
thus 

                            Iout=
𝑅1

𝑅1+𝑅2
  Iin          ………  (14)                 

 

Example: Determine an expression for the current I2 through the 

resistor R2 in the circuit shown in figure 1.5. 

 
Figure 1.5:  Example current divider. 

The current I is divided amongst the three resistors and hence we use our 

expression for resistors in parallel 

 

                                 V=R123I=
𝑅1+𝑅2+𝑅3

𝑅1𝑅2+𝑅2𝑅3+𝑅3𝑅1
 𝐼 ………………..(15) 

https://sites.ualberta.ca/~gingrich/courses/phys395/notes/node12.html#ch1div
https://sites.ualberta.ca/~gingrich/courses/phys395/notes/node13.html#ch1prob102
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where  is the common voltage across the three parallel resistors. The 
current through R3 is thus 

                        I3=
𝑉

𝑅3
=

𝑅1𝑅2

𝑅1𝑅2+𝑅2𝑅3+𝑅3𝑅1
𝐼    …………………..(16) 

 

Now let's consider some general approaches to solving for unknowns in 

circuits. 

loop Current Method 

This method is also referred to as the mesh loop method. The independent 
current variables are taken to be the circulating current in each of the 

interior loops. Let's consider the example of the Wheatstone bridge 

circuit shown in figure 1.6. We wish to calculate the currents around the 
loops. The three currents are identified as:  the clockwise current around 

the large interior loop which includes the EMF, the clockwise current 

around the top equilateral triangle, and the clockwise current around the 
bottom equilateral triangle. The voltage loop expressions for the three 

current loops are. 

The Wheatstone Bridge is the name given to a combination of four 

resistances connected to give a null center value 

https://sites.ualberta.ca/~gingrich/courses/phys395/notes/node15.html#ch1wheat
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Figure 1.6: Wheatstone Bridge circuit 

The Wheatstone Bridge was originally developed by Charles 
Wheatstone to measure unknown resistance values and as a means of 

calibrating measuring instruments, voltmeters, ammeters, etc, by the use 

of a long resistive slide wire. 

When balanced, the Wheatstone bridge can be analyzed simply as two 
series strings in parallel. 

 

 

As the two resistors are in series, the same current ( i ) flows through both 
of them. Therefore, the current flowing through these two resistors in 

series is given as: V/RT. 

I = V ÷ R = 12V ÷ (10Ω + 20Ω) = 0.4A 
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The voltage at point C, which is also the voltage drop across the lower 
resistor, R2 is calculated as: 

VR2 = I × R2 = 0.4A × 20Ω = 8 volts 

Now if we add another series resistor circuit using the same resistor values 
in parallel with the first we would have the following circuit. 

 

 

 

As the second series circuit has the same resistive values of the first, the 

voltage at point D, which is also the voltage drop across resistor, R4 will 

be the same at 8 volts, with respect to zero (battery negative), as the 
voltage is common and the two resistive networks are the same. 

But something else equally as important is that the voltage difference 

between point C and point D will be zero volts as both points are at the 

same value of 8 volts as: C = D = 8 volts, then the voltage difference is: 0 
volts 

When this happens, both sides of the parallel bridge network are said to 

be balanced 

Now let’s consider what would happen if we reversed the position of the 
two resistors, R3 and R4 in the second parallel branch with respect 

to R1 and R2. 
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With resistors, R3 and R4 reversed, the same current flows through the 

series combination and the voltage at point D, which is also the voltage 

drop across resistor, R4 will be: 

 

VR4 = 0.4A × 10Ω = 4 volts 

Now with VR4 having 4 volts dropped across it, the voltage difference 
between points C and D will be 4 volts as: C = 8 volts and D = 4 volts. 

Then the difference this time is: 8 – 4 = 4 volts 

The result of swapping the two resistors is that both sides or “arms” of the 
parallel 

When this happens the parallel network is said to be unbalanced as the 

voltage at point C is at a different value to the voltage at point D. 

Wheatstone Bridge Circuit 
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By replacing R4 above with a resistance of known or unknown value in 
the sensing arm of the Wheatstone bridge corresponding to RX and 

adjusting the opposing resistor, R3 to “balance” the bridge network, will 

result in a zero voltage output. Then we can see that balance occurs when: 

 

 

The Wheatstone Bridge equation required to give the value of the 
unknown resistance, RX at balance is given as: 

 

Where resistors, R1 and R2 are known or preset values. 
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Wheatstone Bridge (H.W) No.1 

The following unbalanced Wheatstone Bridge is constructed. Calculate 

the output voltage across points C and D and the value of 
resistor R4 required to balance the bridge circuit. 

 

 

 

 

 

Reference:  D.M. Gingrich, PHYS 395 ELECTRONICS, University of Alberta 

Department of Physics. 


