
Read carefully the entire description of e laboratory and answer the following 
questions based on the material contained in the reading assignment. Turn in the 
completed prelaboratory assignment a t  the beginning of the laboratory period prior 
to the performance of the laboratory. 

k Consider the circuit in Figure 34.1. Choose any of the following statements about 
the circuit that are true. ore than one may be correct. (a) It is a single-loop cir- 
cuit. (b) It is a multiloop uit. Cc) Assuming R1 and R2 were known, the currents 
could be determined, but only if ff's rules were used. id) Assuming R1 and 
Rz were known the currents eo termined without the use of Kirchhoff's 
rules. 

2. In the circuit of Figure 34.1, if I1 = 2.00 A and Z2 = 0.75 A, what is the value 
of 13? 

Figure 34.1 Circuit for questions I to 4. 

For questions 3 and 4 assume that the value of R1 and R2 in Figure 34.1 are both 
4.80 R. 

3. What is the equivalent resistance of the circuit? 

a t  is the current in. the 3. 



5. Consider the circuit of Fi e 34.2. Apply rchhoff's rules to the circuit and 
write three equations in terms of known circuit elements and the unknown cur- 
rents shown in the figure. 

Figure 34-2 Mulriloop circuit, 

6. Solve the three equations that you wrote in values of the 
currents. 

7. If any of the current values obtained in the solution Lo question 6 are negative, 
explain the significance of a negative value for a current. 
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several resistors will be 
ent for each of the ele- 

llowing objectives: 

to several circuits and 
solution for the expected currents in the circuit 

3. Comparison between the theoretical values predicted by Kirchhoff's 
rules and the measured experimental values of the currents in multi- 
loop circuits 

1. DC voltmeter (preferably digital, 0-20 V) 
2. DC ammeter (preferably digital, 0-1000 mA) 
3. Tvvo sources of emf (DC power supplies, up to 12 V) 
4. Three or four resistors or resistor boxes (range, 500-1000 R) 
5. Digital ohmmeter (one for the class) 
6. Connecting wires 

Consider the circuit in Figure 34.3. e circuit is labeled with all of the currents. 
The 2-(n resistor, 8-S1 resistor, and th  2-V power supply have current I,, while the 
6-a resistor has current I2 a 13. This circuit is callled 
a single-loop circuit because the 6-R resistor and the 
3-a resistor are in parallel. This means that their equivalent resistance is 2 92. That 
equivalent 2-0 resista is then in series with the 12-V power supply and the other 
two resistors, reducin e circuit to a single-loop circuit. The total resistance of the 
circuit is 12 0 ,  a d  this resi ce is across the 12-V power supply. The current in 
the 12-a equivalent resistan therefore I I  = 1 A. Application of Ohm's law to the 
remaining part of the circui s Iz = 1/3 A and I3 = 213 A. 
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.3 Single-Imp circuit. 

Consider now the circuit of Figure 34.4. T tory is concerned with the 
fundamental differen ted in Figure 34.3 and cir- 
cuits of the type depi rcuit in Figure 34.4 can- 
not be reduced to a single-loop circuit, but i t be analyzed by other 
means. In the analysis of this circuit it is necessary to first define so 
point at which at least three sible current paths intersect is defin 
tisn. For example, poi B in Figure 34.4 are junctions. A closed loop is 
defined to be any path in a circuit and passes through de-  
ments of the circuit (in this case power supplies), and then arrives 
back at the same point w gh any circuit element more than 
once. By this definition the three loops in t igure 34.4: (1.) start- 
ing at 43, going through own through the 20- 

ower supply back to er supply, and 
around the outside (3) completely 

around the out ways traverse any loop in one of 
two directions, s chosen, the resulting equations 
are equivalent. 
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The solution for the currents in a multiloop circuit lysis using two 
rules developed by a German professor named Gustav off. The first of 
these ruIes is Kirchhoff's current rule (KCR) and can be stated in the following way: 

KCR-The sum of currents into a j sf currents out of the junction 

This rule actually amounts to a statement of conservation of charge. In effect it 
states that charge does not accumulate at  any point in the circuit. The second rule 

off's voltage rule ( 

KVR--The algebraic sum of the voltage changes around any closed loop is zero. 

This rule is essentially a statement of e conservation of energy, which recognizes 
that the energy provided by the power supplies is abso ed by the resistors. 

In a multiloop circuit, the values of the resistors and the power supplies are 
known. As a first step it is necessary to  determine how many independent currents 
are in the circuit, to label them, and then to assign a direction to each current. Appli- 
cation of Kirchhoffs rules to the circuits, treating the assigned currents as 
unknowns, will produce as many i ndent equations as there are unknown cur- 
rents. Solution of those equations termine the values of the currents. 

In the application of KVR to a circuit, care must be taken to assign the proper 
sign to a voltage change across a particular element. The value of the voltage change 
across an emf E can be either + & or - & depending on which direction it is traversed 
in the loop. If the emf is traversed from the (-) terminal to the (+) terminal, the 
change in voltage is +E. However, when going from the (-t-) terminal to the (-) ter- 
minal, the change in voltage is -&. In the laboratory the terminal voltage of the 
sources of emf will be measured. It will be assumed that those values approximate 
the emf. In effect, this amounts to  assuming that the source of emf has no internal 
resistance. This is a good approximation, ut  it is not strictly true, and thus will 
cause a small error. 

Similarly, when a resistor R in ere is an assumed current I, is traversed 
in the loop in the same direction rrent, the voltage change is -1R. Con- 
versely, if the resistor is traverse eetion opposite that of the current, the 
voltage change is +IR. It is very erstand that the sign of the volt- 
age change across an emf is not ection of the current in the emf. 
The sign of the voltage change across a resistor, however, is completely determined 
by the current direction. 

Consider the application of Kirc off's rules to the rnultiloop circuit of Figure 
34.4. At the junction point A, curre Il and I2 are going into the junction, and cur- 
rent I3 is going out of the junction KCR states that 

It might appear to the junction would produce an additional 
useful equation, but in faet it would result in an equation that is equivalent to eqiua- 
tion 1. 

starts a t  point , goes through the IO-tP power sup- 
the 20-V powe supply back to B, gives the follow- 

ing equation. 
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though normally the voltage change ac s a resistor is written as IR, it has been 
written here as RI in order to 62 is essentially 
the coefficient of I. Replacing: ues of the resis- 
,tames and emf's off te  circuit gives 

The signs used in both e 3 are consistent with the description given 
ve for determining t errnore, the (+) and (-1 
led on each side oft $ram are also consistent 

with that tconventio 
Finally, applyin t starts at B and goes clockwise around the 

right side of the circuit gives 

Substituting the values of the resistances and emf for ols in equation 4 
results in 

Equations 1, 3, and 5 are t tions in the three unlrnowns 11, 12, 
and 13. The solution of the values for the currents of Il  = 2.800 
A, Iz  = -3.200 A, and Z3 = - urrents I2 and I3 are neg- 
ative Is an indication that th ection for these two cur- 
rents was incorrect. esults of the solution is that there is 
a current of 2.800 A r XI , a current of 3.200 
A in a direction opposite to t , and a current of 0.480 
A in a direction op general feature of solu- 
tions for the currents in a m rules. Even if the orig- 
inal assumption of the dire olution of the equations 
leads to the correct understanding of the proper direction by virtue o f t  
the current. 

. Choose three resistors with the following values: R1 = a, Rx = 750 R, and 
R3 = 1000 i2. If using resistance boxes these values can chosen exactly, but if 
using standard resistors choose values as close as poss to the values listed. 
Using the ohmmeter measure the 
values in Data Table 1. 

. Using two power supplies the resistors R1, R2, an RS, construct a circuit like 
igure 34.5 with El = on: If the 'laboratory 
h batteries instead certain that no bat- 

tery is subject to large erse currents. Some batteries might be 
even explode if subjecte large reverse currents. This should be 

r for the low currents that will result using voltages an resistors of the 

Laboratory 34 



Figure 34.5 Ex erimental multiloop circuit with three unknown currents. 

3. Measure the currents TI, 12, and 13. Assuming that only one ammeter is avail- 
able, the currents will have to be measured one a t  a time by placing the amme- 
ter in the positions shown in the circuit diagram as a circle. Note that placing 
the ammeter in the circuit with the polarity shown in the circuit diagram will 
give positive readings when the current is in the direction assumed. If a modern 
digital ammeter is used for the measurements, the ammeter will give a positive 
reading if the current is in the direction assumed, and will give a negative read- 
ing if the current is in the opposite direction. If, however, an ammeter is used 
that properly deflects in only one direction, the meter could be damaged if the 
current is in the opposite direction from that assumed. In this case the polarity 
of the meter must be reversed. If there is any concern about damage to the 
ammeter, it may be prudent to perform the calculations (described in the next 
section) for the unknown currents and thus determine their magnitude and 
direction in advance. 

Measure the values of the emfs El and E2 with a voltmeter and record those val- 
ues in Data Table 1. As previously noted, these values are really the terminal 
voltages of the power supplies which are assumed to approximate the em& if the 
internal resistance of the sources are negligible. 

Construct the circuit of Fi re 34.6, which also has two power supplies but has 
four resistors. Choose values of El = 5 V, E2 = 10 V, R1 = 1000 a, R2 = 800 cR, 
R3 = 600 Q, and R4 = 500 or values as dose to those as possible. Following sim- 

ures to those describe bove, measure the values of the resistors and 
record those values in Dat e 2. Following similar procedures to those 
described above, measure ea e four currents and the emf of the power sup- 
plies and record those values in Data Table 2. 

-6 Experimental multilsop circuit with four unknown currents. 

Laboratory 34 397 



]I. Apply Kirchhoff's rules to igure 34.5 with the ac 
were used in your circuit. Three equations in the three currents 
result. One equation will be a KCR equation, an 
Record those three equations in the appropriate place in Calculations Table 1.. 

2. Solve the three equations that you have written for the values of 11, Z2, and 13. 
Record those values in Calculations Table I. 

3. Calculate the percentage error of t e experimental values of the current corn- 
pared to the theoretical values for each of the currents. Record the results in Cal- 
culations Table 1. 

4. Apply Erchhoffys rules to the circuit of igure 34.6 with the actual values that 
were used in your circuit. Four equation the four currents 11, 
result. One equation will be a KCR equation, and three will be 
Record those four equations in the lace in Calcula 

5. Solve the four equations that you have written for the values of 11, Pa, I3 and dq. 
Record those values in Calculations Table 2.  

6. Calculate the percentage error of the experimental values of the current com- 
pared to the theoretical values for each of the currents. Record the results in Cal- 
culations Table 2. 
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Name Section Date 

Data Table 1 

I Power Supply Voltages 

Data Table 2 

I--- I 
Power Supply Voltages 

El = -... V 

Ez = v 

orats 

Resistor 
Values (0) 

Calculatioras Table 1 

Experimental 
Current (KIA) 

I Krchoffs rules for the circuit I 
(1) KCR - 

Theoretical % Error of Experimental 

Current (mA) Current compared to the Theo- 
retical Current 

I ,  = 

Calculations Table 2 
- -. -- 

Kirchoffs rules for the circuit 
(1) KCR - 
(2) m1- 

(3) m 2  - 
(4) KVR3 - - _ 

Theoretical 9% Error of Experimental 
Current ( d l  Current compared to the Theo- 

-- A- retical -- current -- 
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QuEsamHs 
1. In Figure 34.5 what is the equation that relates the currents ZI, 12, and Z3? 

2. State quantitatively how well your experimental results for the circuit of Figure 
34.5 agree with the expected relationship given in question 1. (Hint: Calculate the 
percentage diRerence between the experimental values of the two sides of the 
equation given in question 1.) 
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re 34.6, what is the equation that relates the currents T I ,  12, 13, and Id? 

4. State quantitatively how well your mental results for the circuit of Figure 
34.6 agree wi given in question 3. 

5. Are the experimental values of e currents for the entire laboratory generally 
larger or smaller than the Lheoretiea values expected for 
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6. It was psinte ratory that some error might be caused by neglect 
mf. Would the internal resistance cause an error 

the directio uestion 5? State your reasoning for the 

7. An ideal ammeter has zero resistance. Real ammeters have small but finite resis- 
tance. Would ammeter resistance cause an error in the proper direction to 
account for the direction of your error in cated in question 5? State your rea- 
soning. 

8. The connecting wires in the experiment are assumed to have no resistance, but 
in fact have a finite resistance. Would this error be in the proper direction to 
account for the direction of the error stated in your answer to question 5? State 
your reasoning. 
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