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Lab 9 
Kirchhoff’s Laws and Wheatstone Bridge 

 

• to explore Kirchhoff’s two laws of electrical circuits  
Learning Goals 

• to use a voltage sensor, current sensor, and the DataStudio software to measure the 
voltage and current across and through parts of a complex circuit,  

• to construct a Wheatstone Bridge circuit. 
• to use Ohm's law and Kirchhoff's rules to understand a balanced and unbalanced Bridge and 

to derive the equations that describe a balanced and unbalanced bridge. 
• to build an unbalanced Wheatstone bridge using three fixed resistors and one variable 

resistor (viz., the thermistor temperature probe) 
• to power the bridge with a chemical supply of emf є and then use the unbalanced bridge 

condition to produce a bridge output voltage (i.e., Δ VBC

• to predict the amount of bridge output voltage produced (i.e., Δ V
). 

BC) knowing the amount of   
unbalance in resistance (i.e., Δ Rx

• to use a Wheatstone Bridge as a sensor interface. 
)  

 

 
Apparatus: 

Qty Instrument Instrumental 
Error 

Instrumental 
Resolution 

1 PASCO GLX with Data Studio on 
Computer 

  

1 Voltage Sensor (red +, black -) ± 0.020 volts ± 0.005 volts 
1 Current Sensor (yellow +; green -) ± 0.002 amps ± 0.0005 amps 
1 AC/DC Electronics Laboratory   
2 Banana Plug Patch Cord   
1 ‘AA’ & ‘D’ cell 1.5 volt See voltage 

sensor 
 

8 CarbonResistors: 4.7Ω  ,10Ω  , 33Ω   
, 2.2kΩ 

± 2% - 10% 0.1 – 100 ohms 

1 Ohmmeter ±1.0% 0.1 ohm 
1 Decade variable resistance box ±1.0% 1 ohm 
1 thermistor   
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Theory: 

 In this lab, you will be placing several resistors of varying resistances in a specific circuit 
configuration.  To determine the resistance value of 
each resistor you are using, you must read the color 
code printed on each resistor.  These are the steps for 
reading the color code: 

Reading a Resistor 

 
1) Grab the resistor with your right hand so that 
the gold color band is the closest band to your fingers.  
(This band represents the tolerance of the resistor, 
which won’t be used for this lab.)  
 
2) Once held correctly, read the colors of the 
other three bands (A, B and C) from left to right. 
 
3) Use the color table to determine what numbers 
the colors represent. 
 
4) Plug the number values for A, B and C into 
the formula (R = ABx10C

 

) to find the resistance. (AB 
is NOT a multiplication, but represents two adjacent 
numbers.) 

 
 

 
Equivalent Resistance 

 When multiple resistors are connected in a circuit, it is often useful to simplify the circuit 
by finding its equivalent resistance = Req.  For instance, if three 5 Ω resistors are connected in 
series, they can be mathematically combined to form a single equivalent resistor of 15 Ω 
(because, in series, Req

 

 = 5 + 5 + 5).  In general, the equivalent resistance for any resistors in a 
series can be found using the series-addition rule: 

(1) Req = R1 + R2 + R3
 

 + …     (resistors in SERIES) 

 For resistors in parallel, the equivalent resistance can be found using the parallel-addition 
rule: 

(2) 1/Req = 1/R1 + 1/R2 + 1/R3
When you are combining only two parallel resistors, a simpler version of the parallel-addition 
rule can be used: 
 

 + …    (resistors in PARALLEL) 

(3) Req = R1R2/(R1 + R2
 

)     (TWO resistors in PARALLEL) 

 Finding the equivalent resistance of a circuit is also called “collapsing” the circuit.  It 
often takes several steps to collapse a circuit, depending on how many parallel and series addition 
rules must be used.  When you collapse the resistors of the circuit using the rules mentioned 
above, you can use the voltage from the battery source = VS to calculate the total equivalent 
current = Ieq flowing through the equivalent resistor Req
 

 using Ohm’s Law: 

(4) Ieq = VS/Req 
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 Once the total current is known, the voltage drop across the equivalent resistor can be 
found using Ohm’s Law again.  Then the collapsed, equivalent circuit can be rebuilt, or 
“expanded”, step by step, back into its original resistors.  Each time a resistor is expanded back 
into an original group of SERIES resistors, the CURRENT across each of those resistors must 
be the same.  Each time a resistor is expanded back into an original group of PARALLEL 
resistors, the VOLTAGE across each of those resistors must be the same.  You can then calculate 
the voltages and currents across each resistor using Ohm’s Law as you slowly rebuild the circuit. 
 

Ohm’s Law describes the relationship between current, voltage, and resistance in simple 
circuits. Many circuits are more complex and cannot be solved with Ohm’s Law. These circuits have 
many power sources and branches which would make the use of Ohm’s Law impractical or 
impossible. 

In 1857 the German physicist Gustav Kirchhoff developed methods to solve complex circuits. 
Kirchhoff produced two conclusions known today as Kirchhoff’s Laws. Kirchhoff’s two laws describe 
the unique relationship between current, voltage, and resistance in complex electrical circuits.  

Kirchhoff’s Current Law: The current arriving at any junction point in a circuit is equal to the 
current leaving that junction. Stated another way: No matter how many paths into and out of a single 
point, all the current leaving that point must equal the current arriving at that point. This law is 
sometimes called the junction rule. 

 
Kirchhoff’s Voltage Law: The algebraic sum of the voltages around any closed path is zero. 

Stated another way: The voltage drops around any closed loop must equal the applied voltages. This 
law is sometimes called the loop rule. 

 
Kirchhoff’s Laws can be related to conservation of energy and charge if we look at a circuit with one 
load and source. Since the load consumes all of the power provided from the source, energy and 
charge are conserved. Since voltage and current can be related to energy and charge, then Kirchhoff’s 
Laws restate the laws governing energy and charge conservation. 
 

 
Kirchhoff’s Laws 

 If you add up all the voltages across the elements of a closed loop in a circuit (all 
batteries, resistors, etc.), the sum of all those voltage must be equal to zero.  This is called 
Kirchhoff’s Voltage Law: 
 

(5) ΣV = 0  (in a closed loop) 
 

 When electric current splits at a circuit junction, the total current flowing into the 
junction must equal the total current flowing out of the junction.  To put it another way, the sum 
of all currents entering or leaving a junction must equal zero.  This is called Kirchhoff’s Current 
Law: 
 

(6) ΣI = 0  (at a current junction) 
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Prelab 

 
#1. Within the electrical circuit below draw symbols that represent two resistors in parallel that 
are connected in series with a battery 
 
 
 
 
 
 
 
 
#2. Within the electrical circuit below draw symbols that represent two resistors in parallel that 
are connected in series with a battery, with an ammeter reading the total current and a voltmeter 
reading the voltage across either resistor. 
 
 
 
 
 
 
 
 
#3. Within the electrical circuit below draw symbols that represent two resistors in series that are 
connected in series with a battery, with an ammeter reading the total current and  voltmeters 
reading the voltage across each resistor. 
 
 
 
 
 
 
 
 
 
#4. Within the electrical circuit below draw symbols that represent two resistors in parallel that 
are connected in series with a battery, with an ammeter reading the total current and  ammeters 
reading the current through each resistor. 
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Procedure Kirchhoff’s Rules:  
 
1.  Connect the Voltage Sensor and the Current Sensor into the GLX. It should display voltage 
and current values from the sensors.  Connect the GLX to the computer with a USB cable.  Open 
Data studio file named 69 Resistors.ds.  Set the significant figures for three decimal places. 
2.  Use these five resistors to set up the complex circuit shown in the diagram below. 
      R2 = R4 = 4.7 Ω (yellow, violet, gold),   R1 = R5
      and R

 = 10 Ω (brown, black, black), 
3

3.  Insert a ‘D’ cell (1.5 volt) into the bottom battery holder on the board. 
 = 33 Ω ( orange, orange, black)  

4.  Set up the circuit shown below in the illustration, but leave the wire disconnected from the “-“  
     spring clip at the bottom of the battery holder for now. 

Page 4 of 7 
5.   Make a drawing of the circuit in the notebook.  Remember to read the procedure before you 

begin. Data recording is easier if one person handles the sensors and the circuit and a second  
         person operates the computer and records the data. 
6.      After having the instructor check the circuit, connect the wire lead to the spring clip at the  
          bottom of the battery holder to complete the circuit. 

7.  Measure the voltage across each of the five resistors:  
      a.  Put one voltage lead at each end of the resistor (for example, touching the spring clips at    
            each end). The red voltage lead represents “positive” and the black voltage lead represents  
            “negative”.  
      b.  Be prepared to record voltage values displayed by the GLX. 
      c.  Touch the tips of the voltage leads to the clips at the ends of the first resistor. Observe the  
            voltage in the Digits display and record the voltage value in the data table in the notebook. 
      d.  Record the voltage value in the Data Table and also in the schematic diagram. 
      e.  Repeat the process to measure and record the voltage across each resistor in the circuit. 
      f.  Measure the voltage across the entire circuit and record the value. 
      g.  Disconnect the wire lead from the spring clip at the bottom of the battery holder. 
 
8.  Measure the current arriving at leaving a circuit point: 
       a.   ‘Interrupt’ a part of the circuit and put the Current Sensor in series with the circuit. Plug  
              patch cords into the binding posts on top of the Current Sensor. Put alligator clips on the  
              ends of the patch cords. 
        b.   Connect the wire lead to the spring clip at the bottom of the battery holder to complete  
              the circuit. 
        c.  For example, to measure the current through the entire circuit, disconnect the wire lead  
             from the spring clip at the positive terminal of the battery holder.  Clip one of the patch  
              cords from the Current Sensor to the spring clip and clip the other patch cord to the free   

R1 

R2 

R4 

R5 

R3 

A B 
R1 

R2 R5 

R3 R4 

Leave disconnected 
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              end of the wire lead as shown in the diagram below.  
 

Page 5 of 7 
d.   Be prepared to record current values displayed by the GLX 
e.   Observe the current in the Digits display and record the value in the data table in the  
       notebook. 
f. Record the current value in the Data Table and also in the schematic diagram. 
g. Repeat the process to measure and record the current through each resistor in the circuit. 

Measure the current through the entire circuit and record the value (Hint: Insert the patch 
cords between the battery and point “A” or between the battery and point “B”). 

h. Disconnect the wire lead from the spring clip at the bottom of the battery holder. 
i. Disconnect the wire lead to the spring clip at the bottom of the battery holder. 

 
     Data Kirchhoff’s Rules:  (record in notebook) 

1. Record voltage values in the diagram and in the Table below.   Include the units. 
2. Record current values in the diagram and in the Table below.   Include the units. 

 

 
     Voltage, A → B       Current, Point A 
  
                    Current, Point B 
 
 
 
 
 

           volts 

 
amps 

amps 

R1 

R2 

R4 

R5 

R3 

A B R1 

R2 

R4 

R5 

R3 

A B 

V1 = 

V2 = 

V3 = 

V4 = 

V5 = 

I1 = I4 = 

I2 = 

I3 = 

I5 = 
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Resistance, Ω Voltage, Volts Current, Amperes 
R1 = 10  V1  =   I1  = 
R2 = 4.7  V2  = I2  = 
R3 = 33 V3  = I3  = 
R4 = 4.7  V4  = I4  = 
R5 =10  V5  = I5  = 
R Total = V A → B  = I Total  = 

 
3. Using the schematic of the circuit, calculate the total resistance of the circuit. Record the  
       value in the Table. 

     4.    Based on the calculated resistance and the voltage across A and B, calculate the  
            theoretical value of the current using Ohm’s Law.   Current (theoretical) = __________ A 
     5.    Calculate the percent difference between the theoretical current and the measured current: 

  
%diff = theoretical −measured

theoretical
×100%  = 

 
 



 
 
  

Page 8 of 9 
 

 
  

 
Wheatstone Bridge 

A Wheatstone Bridge is balanced (null condition) when the potential difference between 
points B and C is zero volts due to a particular relationship between the four Bridge resistors given 
by R

Theory: 

1/R2 = Rx/R3.  When the Bridge is unbalanced (off-null condition), the potential difference 
between points B and C is a non-zero voltage quantity, which quantity is determined by the value of 
each of the four Bridge resistors (R1, R2, R3, Rx ± Δ Rx

For a 
)  

balanced bridge: there is no current in path BC, points B and C must be at the same 
potential, that is, VBC = 0 and paths ABD and ACD have common end points so have the same 
potential difference across them.  Therefore I1Rx = I2R3   and    I1R1 = I2R2
So R

 .   
X  = R3(R1/R2

The bridge is 
):   

unbalanced when VBC ≠ 0 because RX ± ΔRX ≠ R3(R1/R2): where ΔRX is the 
change in RX that unbalances the bridge.  For  example if R1 = R2 = R3 
if R

= 1.5 kΩ and 
X ± ΔRX = 1510 Ω, then RX = 1.5 kΩ  and  ΔRX = 10 Ω (which can be adjusted with the decade 

box).  Then the sensitivity S of the unbalanced bridge is defined as S = ΔVBC / ΔRX  or S = є/4RX 
which in this example is legitimate for  RX = 1.5 kΩ and ΔRX = 10 Ω because the necessary 
condition of ΔRX << RX  is satisfied.   Hence if є = 10.0 volts, then S = 1.67 mv/ Ω and ΔVBC

 

 = 16.7 
mv for this example.  

  Procedure:
1) Measure the resistance of the three carbon 

                                                                                                                  A           

resistors with an ohmmeter, record their                                            Rx                 R
values in the data table and insert them into 

3 

the module between points A&C, B&D,C&D.              ε          B                                    C 
             Note carefully the location and resistance of 

each particular resistor.  Use patch cords to                                        R1                  R2
connect a decade box between points A&B.   

       

Power the bridge with the 1.5 volt battery                                                      D 
connected at points A&D.                                                                                

2) Set the GLX set for digits display.  Connect the Voltage Sensor into the GLX. It should display  
voltage and current values from the sensors.  Connect the wires from the voltage sensor between 
points A and D.  Record this voltage as є .   

3) Connect the wires from the voltage sensor between points points B and C.  Adjust the decade box  
until the GLX  reads 0.0 millivolts on its most sensitive scale.   This null voltage reading is 
described as a balanced bridge condition giving an experimental value of Rx

       4)  Remove the 1.5 volt battery power connection from the circuit at points A&D. 

 equal to the value 
registered on the decade box. 

       5)  Record in the data table the value of the decade box in ohms as the experimental value of RX
             balances the bridge. 

 that  

       6)  Calculate the theoretical value of the bridge sensitivity in volts per ohm using the resistance    
             recorded in procedure 5) with the equation S = є/4RX
       7)  Calculate the theoretical value of R

 .  Record this value in the Data table. 
X in ohms using the equation: RX  = R3(R1/R2

             value in the Data Table. 
).  Record this  

       8)  Remove the decade box from points A&B and connect the thermistor to these same points using  
            alligator patch cords.  
       9)  Reconnect the 1.5 volt battery power connection to the circuit at points A&D. 

10)  Record in the Data table the value of the bridge output voltage produced (i.e., Δ VBC

11)  Hold the thermistor gently between the thumb and index finger to warm it. 

) for room 
temperature. 
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12)  Record in the Data Table the value of the bridge output voltage produced (i.e., Δ VBC

13)  Using the values from #6, #10 and #12 calculate the value of the change in the thermistor’s 
resistance ΔR

) at body 
temperature in volts. 

X for a temperature increase from room temperature to body temperature.  Use S = 
Δ VBC / ΔR

              Record this value in ohms in the Data Table 
X 

 
       Data Wheatstone Bridge  (record in notebook) 
 

Measured Resistance, Ω Supply Voltage, Volts Bridge Sensitivity, mv/Ω 
R1 = 2        k ε  = S = 
R2 = 2       k Calculated Resistance, 

Ω 
blank 

R3 = 2       k Rx (experimental) = blank 
blank Rx (theoretical) = blank 

       
          1.  The value of the bridge output voltage produced for room temperature.     Δ VBC = 
 

            volts 

          2.  The value of the bridge output voltage produced at body temperature.  Δ VBC = 
 

               volts 

          3.  The value of the change in the thermistor’s resistance ΔRX

               temperature to body temperature using S = Δ V
 for a temperature increase from room  

BC / ΔRX.   Ans.: ΔRX =  
 

          Ω        

 


	A
	A
	A

