
Name Section - Bate - 

carefully the entire descri oratory and answer the following 
questions based on the material contained in the reading assignment. 'Turn in the 
completed prelaboratory assignment at  the beginning of the laboratory period prior 
to the performance of the laboratory. 

L If a circuit element ca es a current of 3.71 A, and the voltage drop across the 
element is 8.69 V, what is the resistance of the circuit element? Show your work. 

2. A resistor is known to obey Ohm's law. en there is a current of 1.72 A in the 
resistor it has a voltage drop across its terminals of 7.35 V. If a voltage of 12.0 V 
is applied across the resistor, what is the current in the resistor? Show your work. 

3. The resistivity of copper is 1.72 x 10-8 a-m.  A copper wire is 15.0 m long, and 
the wire diameter is 0. at is the resistance of the wire? Show your 
work. 

4. A wire sf length 10.0 m has a resistance of 2.75 S1. at is the resistance of a 
piece sf that same wire whose length is 25.0 m? Show your work. 
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5. A wire of cross-sectional a as a resistance of 1.75 
the resistance of a wire and length as the first 
whose cross-sectional area is 8.75 X 10-"2? Show your work. 

6. Awire of length 18.0 m and cross-sectional area .OO x 10-6 m2 has a resistance 
of 3.75 R. What is the resistance of a wire of the same material as the first wire, 
but whose length is 30.0 rn, and whose area is 9.00 x 10-6 mz? Show your work. 

7. Three resistors of resistance 20.0 0, 30.0 a, and 40.0 .SZ are connected in series. 
What is their equivalent resistance? Show your work. 

8. resistors of resistance 15.0 42, 
is their equivalent resistance? 



In this experiment, measurements of the voltage across a wire coil and the 
current in the wire coil will to accomplish the following objectives: 

L Definition of the concept of electrical resistance of matter using coils 
of wire as an example 

2. Demonstration of the ence of the resistance on the length, 
cross-sectional area, and resistivity of the wire 

3. Demonstration of the equivalent resistance of resistors in series and 
in parallel arrangements 

I. Resistance coils (standard set available from Sargent-Welch or 
Central Scientific consisting of 18-an and 20-m length of copper and 
German silver wire) 

2. Ammeter (range, 0-2 A; direct current) 
3. Voltmeter (range, 0-30 V; direct current, preferably digital readout) 
4. Direct-current p -20 V at 2 A will provide the necessary 

2 A for all but t 

If a potential difference V is applied across some element in an electrical circuit, the 
current P in the element is determine by a quantity known as the resistance 8. The 
relationship between these thr ies serves as a definition of the quantity 
resistance. This relationshi definition of R is 

An object that is a pure resistor has its total electrical characteristics determined 
ay have other important electrical charac- 

as capacitance or inductan The resistance 
other significant electrical operties or not, 

a equation I. For any given 
o may change as the voltage and current; 

fines the resi.stance of the circuit ele 
units of resistance are thus volt/ampere, 
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Certain circuit elements obey a relationship that is known as Ohm's law. For 
these elements, the quantity R (equal to VIT) is a constant for different values of V 
and thus different values of I. Therefore, in order to show that a circuit element 
obeys Ohm's law? it is necessary to vary the voltage V (the current I will then also 
vary) and observe that the ratio VII is in fact constant. In this experiment such mea- 
surements will be performed on five different coils of wire to show that 
Ohm's law and to determine resistance of the coils. 

The resistance of any object to electrical current is a function of the material from 
which it is constructed, as well as the length, cross-sectional area, and temperature 
of the object. At constant temperature the resistance R is given by 

where R is the resistance (Q), L is the length (m), A is the cross sectional area (rn2), 
and p is a constant dependent on the material called the resistivity (a-m). Actually 
p is a function of temperature, and if the coils of wire that are used in this experi- 
ment heat up as a result of the current in them, s may be a source of error. 

Circuit elements in an electrical circuit can be connected in series or parallel. Con- 
sider the case of three resistors, R1, R2, and R3, connected in series as shown in Fig- 
ure 28.1. For resistors in series, the current is the same for all the resistors, but the 
voltage drop across each resistor depends on the value of the resistors. For resistors 
in series the equivalent resistance Re of the three resistors is given by the equation 

Figure 28.1 Resistors in series. 

Consider the case of three resistors in parallel as shown in Figure 28.2. For resis- 
tors in parallel the current is different in each resistor, ut the voltage across each 
resistor is the same. In this case the equiv nt resistance Re of the three resistors 
in terms sf the individual resistors is give 

One of the objectives o s experiment will be to confirm the behavior of resistors 
in series and paralllel has been described above. 

2 Resistors in parailel. 
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k Connect the ammeter A, the voltmeter V, and the power supply PS to the first 
at the basic circuit is the power supply 

er to measure the current in the resistor, the 
it. In order to measure the voltage drop across 

in parallel with it. 

Voltmeter 

Power Supply 

Figure 28.3 Measurement of current an voltage for resistor RI  

2. Vary the current through resistor R1 in steps of 0.250 A up to 1.000 A. For each 
specified value of the current, measure the voltage across the resi.stor and record 
the values in Data Table 1. The resistors will heat up and may be damaged by 
allowing the current to pass through them for long periods. For this reason, mea- 

vdue of the current, and the power 
surements are actually being taken. 

DO NOT LEAVE VOLTAGE TURNED UP WHILE DECIDING WHAT TO 
DO NEXT! 

2 for each of the five resistors. e sure that for each resistor the 
in series with that res r supply and the voltmeter 

is in parallel with the resistor. If voltmeter being used have 
multiple scales, be sure t at the scales agree at the crossover point. Record all 
values in Data Table 1. 

4. Connect the first four resistors in series and measure the equivalent resistance of 
the combination. To accomplish this, use two values of current, 0.500 A and 1.000 

measure the value of t e voltage drop for these two values of current. 
Record these values of vdtage in Data Table 2, and from these values of voltage 
and current, a value for the resistance will be later calculated. 

5. Measure the voltage drop across the corn ination of the second, third, and fourth 
resistors in series for the current values of 0.500 A and 1.000 A a d  record in Data 
Table 2. 

R, in parallel as in Figure 28.4 and rraeasure the resis- 
allel combination. re the voltage drop across the csmbina- 

tion for current values of record in Data Table 2 for later 
calculation. 
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Connect R1 and R3 in parallel as shown i 28.5 and again measure the va 
age drop for current values of 0.500 A an A and record in Data Table 2. 

8. Connect R2 and R3 in parallel and erform the same measurements as described 
in steps 6 and 7. Record the result 

.5 Resistors R ,  and R3 in parallel. 

The first four coils are a value of resistivity of p = 1.72 X 1W8 
R-m. The fifth coil is n as German silver, which has a resis- 
tivity sf p = 28.0 x 18-8 i2-m. The first, secon fifth coils are 10.0 m long, 
m d  the third and fourth coils are 28.0 m long. meters  of the first, third, 
and Efth coils are 0.0006 m, and the diameters of the second an h coils 
are 8.0003211 m. TJsing se values in equation 2, calculate the of the 
resista each of the five coils and record the results in Calculations Table 1 
as the ical values for the resistance Rtheo. 

If equation 1, which defines R is s 

R. Perform a linear least squares in Data Table I for the voltage as 
a function of the current for each stors. Make V the ordinate and 1 
the abscissa in the fit. Deter 



le 1 as the experimental vdue for 
e value of the correlation coeficie 

the least squares fits. 

3. Calculate the percentage e r in the values of Rex* corn ed to the values of 
Rtheo for the five resistors 

ata of Data Table 2, calculate the values oft  e equivalent resistance for 
Record in CaBcu- 

lations Table 2 th stance for each of 
the "iwo trials as the appropriate 

the two trials as 

eoretieal expressions for equivalen"cres1istance for 
ns of resistance. Calculate a theoretical value for 

ombination measured in 
1 resistances R1, R2, and R3 

termined from the least 
se values are the appropri- 
een abused over the years 
no longer be the same as 
value for the equivalent 

resistance in each case as in Calculations Table 3. 

6. Calculate the percen ifferenee between the values of (I?,),, and (Re)theo for 
each sf the series a easured armd record the results in 
Calculations Table 3. 

Construct graphs of th e 1 with V as the ordinate and I as the 
r for all five resistors, making five small 

rent scales for each eeded, but make 
the five graphs as lar le while still fitting on o SO, show on each 
small graph the strai 
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ame Section Date 

Laboratory 

Resistance and Ohm5 b w  

Data Table 

Data ~ a b l e  2 

1 Combination I I V(V1 I 
R1 R2 R3 R4 Series 

1.000 

r R, R2 Parallel 

R1 R3 Parallel 

Rz R3 Parallel ---I 
SAMPLE CALCU 
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PZ,  W, R, B Z ,  Series 

R2 R3 R4 Series 

Wl R2 Parallel 

R1 R3 Parallel 

Rl R2 R3 R4 Series k 
R2 R3R4 Series III 

Rl R3 Parallel 

R2 R3 Parallel 
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L Do the individual resistors you have measured obey O M S  law? In answering this 
question, consider e least squares fits and the graphs you have made for each 

rnber linear behavior of V versus I is the proof of ohmic behavior. 

2. Evaluate the agreement een the theoretical values for the individual resis- 
tances and the experime alues. As noted in the Cdculations section, there 

een these values if the coils have been over- 
erimental values suggest that any of your 

coils may have been 

3. Pf a coil became heated during your measurements, its resistance would tend to 
increase with temperature. State if any of the graphs give evidence of heating 

asurements, which would show up at higher current as an 
increase in the voltage above that expected from extrapolating the data at lower 
current. 

e agreement between t perimental and theoretical values of the 
series combinations of resistors. D results support equation 3 as the model 
for series combination of resistors agreement is not expected to be perfect, 
but you should determine if the agreement is reasonable within the expected 
experimental uncertainty. 
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5. Evaluate the agreement between the experimental and theoretical. values of the 
parallel combina pport equation 4 as the model 
for the parallel c expected experimental uncer- 
tainty? 

in step 1 of the G lations section, the first and sec- 
ngth and the th nd fourth coils have the same 

length. They differ only in cross-sectional area. According to theory, what should 
be the ratio of the resistance of the second coil to the first and the fourth coil to 
the third? Calculate these ratios fir your experimental results and compare the 
agreement with the expected ratio. 

7. According to the data given in step 1 of the Calculations section, the first and 
third coils have the same cross-sectional area an the second and fourth coils 
have the same cross-sectional area. They differ only in length. According to the- 
ory, what should be the ratio of the resistance of the third coil to the first and the 
fourth coil to  the second? Calculate these ratios for your experimental results and 
compare the agreement with the expected ratio. 

Evaluate the extent to which you have accomplished the o ectives of this labo- 
ratory. 
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