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** Disclaimer: This lab write-up is not to be copieﬂ,ﬁ/4 Whole or in part, unless a

proper reference is made as to the source. (It is strangly’fecommended that you use
this document only to generate ideas, Or as agke ce to explain complex physics
necessary for completion of your work.) Co@vindjof the contents of this web site and
turning in_the material as “original mate %’ is plagiarism and will result_in
serious consequences as determined by yeur instructor. These consequences may
include a failing grade for the particular lab write-up or a failing grade for the
entire semester, at the discretior& I instructor. **
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Lab 6: Resistivity Name:

PES 216 Report Lab Station:

Objective

The purpose of this lab was to determine the influence of material type (resistiyity),
length, and cross-sectional area have on the value of resistance. Through use of Ohmgw nd

the mathematical relationship of resistance, we identified different wires’ material tion.

Data and Calculations \a
ircui %e potential drop across

We set up a simple circuit to measure the current though the
the given length of wire. The circuit setup is shown in the figurés below:
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Ampmeter
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Fig@imenml setup to determine the resistance of a given length of wire.
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Figure 2: Circuit diagram of the experiment.

There were 4 materials (2 of which we each individually measured in class), labeled A though D.
The gauge (cross-sectional area) of the wires was provided for each of the materials. We
observed the color of each material to assist in the evaluation of the resistivity of the materials.
We measured each of the five lengths of wire for each material type and then set up the circuit to
obtain 500 mA of current passed though the circuit (as read from the Ampmeter). We then also
measured the potential drop across each of the five lengths of wire (as read from the Voltmeter).

A
Current Potential Drop
Material Color of the Gauge Length of the Through Across the
Name Wire [AWG] Wire [m] the Circuit | Length of Wire
[A] V]
A Brownish-Gold 40 0.2 0.500 ] 0.343
A Brownish-Gold 40 0.4 0. 0.687
A Brownish-Gold 40 0.6 1.03
A Brownish-Gold 40 0.8 A Q5 1.37
.o B, 0 Brownish-Gold | 40 ] 10&30500172 _____
B Silver 38 0.2 N~ 0.500 0.354
B Silver 38 0.4~ |~ 0500 0.708
B Silver 38 ,eg\} 0.500 1.06
B Silver 38 0. 0.500 1.42
e Bl Siher L B ... U, T DU DU Y L SR
c | Silver 22 / 02 0.500 0.337
C Silver 22 A 0.4 0.500 0.675
C Silver A 0.6 0.500 1.01
C Silver % D) 0.8 0.500 1.35
vern Sl Silver 'ﬁi, ,,,,,,, cereeQ 00800 L L8
D Gold @ 4 0.2 0.500 0.328
D Gold 34 0.4 0.500 0.657
D Gold /2, 34 0.6 0.500 0.985
D 34 0.8 0.500 131
D 34 1.0 0.500 1.64

We were g@c version from Gauge to diameter. We used the diameter to calculate the
cross se

rea of the wire.
Gauge [AWG] | Diameter [mm] | Radius [mm] | Radius [m] | Area[m?]
22 0.6440 0.3220 3.22x10% | 3.26x 10"
34 0.1600 0.0800 8.0x 10> | 2.01x10°
38 0.1010 0.0505 5.05x10” | 7.97x 107
40 0.0799 0.03995 3.995x 10 | 5.01x 107

Next, we used Ohm’s Law to find the resistance for each of the materials. These are given in the
tables below. Ohm’s Law is defined as:
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V =1IR R :\Ii
Material A:
Length of the Current Through the Potential Drop Across the gzls?gtlaa;icel
Wire [m] Circuit [A] Length of Wire [V] Q]
0.2 0.500 0.343 0.686
0.4 0.500 0.687 1.
0.6 0.500 1.03 6
0.8 0.500 1.37 4
1.0 0.500 1.72 A 34

If we compare the equation for resistance to the equation of a straight I|ne U

R= |_+o Q

y = x+b

We can see that we want to plot the resistance on @ is, plot the length on the x-axis, and the
resulting best fit line will give the slope and the y-intergept.
The slope will obviously be the resistivity 3ivid§j by the cross-sectional area (gauge), and the y-

intercept will be zero. \

Material A: Resistance vs Length

4
— 3.5
2 y = 3.4331x -
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3 2 /
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Length [m]
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Using the trendline feature in Excel, we got the following best fit line:
y = (3.4331%) x +(0)

It is of particular interest to note the regression determined by Excel. This came out to be a value
of 1.0. This means that the “linearity” of the data is extremely good.

Thus:

7‘; - 3.4331% QOQA)

We then solved the above relationship for resistivity:
Q N
0= (3.4331—)A O
m
Material A was a 40 gauge wire. We found the cross-sectional aréa of this gauge above.

p= (3.43319j(5.01x109@.71998 x107° Om
m

y 2
Prtarii T 1.71998x10° Qm

Material B: :\ﬁ

Length of the Current Through the Potential Drop Across the gzls?:tﬁt]ig
Wire [m] Circuit [A] Length of Wire [V] [©]
0.2 v 0.500 0.354 0.708
0.4 0.500 0.708 1.416
0.6 ,@ 0.500 1.06 2.12
0.8 0.500 1.42 2.84
1, 0.500 1.77 3.54

5
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Material B: Resistance vs Length

4
35 y = 3.5383x o
— 3. >
g 3 R™= /
S 25 ad
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Length [m]
Y
Using the trendline feature in Excel, we got the followi -@ fit line:

y= (3.5383—
m
/
It is of particular interest to note the tegression determined by Excel. This came out to be a value
of 1.0. This means that the “linearity”” Of the gata is extremely good.

Thus: O'Q

P _35383%
x@ A m
We then solved t e relationship for resistivity:

‘b‘& p= [3.5383%)A

Materiad B was a 38 gauge wire. We found the cross-sectional area of this gauge above.

p= (3.53839j(7.97 x10"° m?)=2.8200251x10° Qm
m

Puneriats = 2.8200251x10° Qm

Material C:
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Length of the Current Through the Potential Drop Across the gzls?;laa;icel
Wire [m] Circuit [A] Length of Wire [V] Q]
0.2 0.500 0.337 0.674
0.4 0.500 0.675 1.35
0.6 0.500 1.01 2.02
0.8 0.500 1.35 2.70,

10 0.500 1.69 3.§8§
e

Material C: Resistance vs Length

4
7 o y = 3.3742x e
E 3 RZ=
O 25 e
(] /
215 —
2 1 —
™ 05

0 T T T T T
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Length [m]

Using the trendline featt&eir&gl, we got the following best fit line:
'Q\ y= (3.3742 %j x +(0)

It is of par interest to note the regression determined by Excel. This came out to be a value

of 1.0. ans that the “linearity” of the data is extremely good.
Th

£ _337422

A m

We then solved the above relationship for resistivity:
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o= (3.37429)/4
m

Material C was a 22 gauge wire. We found the cross-sectional area of this gauge above.

p= [3.3742 9)(3.26 x1077 m?)=1.0999892x10"° Qm
m

Prsteriarc. =1.0999892x10° Qm =109.99892x10° Qm

&

Material D: {\
|
Length of the Current Through the Potential Drop Across the gils?gtlaa;icel
Wire [m] Circuit [A] Length of Wire [V] Q]
0.2 0.500 0.328%/ 0.656
0.4 0.500 AT 1.314
0.6 0.500 098 1.97
0.8 0.500 % 1.31 2.62
1.0 0.500 O 1.64 3.28
Material D: Resistance vs Length
35

— y = 3.2836X "

: 2.5 R = o

< .

@)

8 2 //

S 15

z . /
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Using the trendline feature in Excel, we got the following best fit line:

y= (3.2836 %j x +(0)
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It is of particular interest to note the regression determined by Excel. This came out to be a value
of 1.0. This means that the “linearity” of the data is extremely good.

Thus:

P _30836%
A m

We then solved the above relationship for resistivity:

o= (3.28362JA
m

Material D was a 34 gauge wire. We found the cross-sectional area of this g@bove.

p= (3.2836%)(2.01&0‘8 m? )= 6.60003 1m

Prisiriarp = 6600036 x10.20Om

Additional Questions

5

R4
Resistivity (x Resistivity (x
Material 10 °Q- m) Material 10 ° Q- m)
Aluminuim 2.82 Nichrome 100
Brass 7.00 Osmium 0.5
Carbon 3500 Platinum 10.6
Copper 1.72 Plutonium 141.4
Germanium 46,000,000 Rubber 1x10"
Glass 1x10"° Silicon 64.000,000.000
Gold 2.44 Silver 1.59
Iron 10.0 Tungsten 5.6
Lead 22 Uranium 30.0
Yy

Fr% prelab, we know the following are typical metals used for wires:

M Copper (Brownish metal):

po, =1.76x10° Qm

M Aluminum (Silvery metal):

M Gold (Gold metal):

P =2.82x10° Qm

Pa =2.44x107° Qm
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M Tungsten (Silvery metal — used in light bulbs — glows when a current sent through it):
oy =55%x10° Qm
M Nichrome (Silvery alloy of Nickel and Chromium):
Priner =110x107° Om=1.1x10"° Qm
M Brass (Brownish alloy of Copper and Zinc):
Pouzn =6.33x107° Qm

(For brass, the value may be anywhere in the range from 6.0 x 10°® [Q m] to 7.0 x 10® [Q m].
This is due to the fact that brass my have different amounts of copper and zinc in the wire
different places.)

Using the color we recorded for the different material types and the calculate s@gwe
can determine the material composition of the 4 unknown wires.

Material A: \‘

We determined that Material A was a “Brownish-Gold” color. Fr raph of Resistance
versus Length, we also obtained the following resistivity, si w the cross-sectional area
of the wire, as well.

PMaterial A = 171@Qm
It is obvious that the only choice for this material is Copper (since the given and calculated

resistivities and color types match up perfectly)#Af we perform a percent difference:

Theory| — |pMeasu red|

% diﬁi@y

x100%

pTheory

8 _ 8
% diffe enceQ_l'”ggSXl(f 7?”‘1())8 (£12'76)X10 2m), 10006
.[OX m

‘% difference = 2.27%‘

\
Material @Q

We deterfined that Material B was a “Silver” color. From the graph of Resistance versus
Lergth, e also obtained the following resistivity, since we knew the cross-sectional area of the
wire, &s well.

Prateriars = 2.8200251x10°° Qm

There are two potential choices for this material: Gold and Aluminum; however, using the color
(silver) we know that Aluminum is the only possible choice. If we perform a percent difference:
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2.8200251x10° Qm)-(2.82x10° Qm)

% difference = ( . x100%
(2.82x10° Qm)

\% difference = 0.0%\

Material C:

Length, we also obtained the following resistivity, since we knew the cross-sectional are

We determined that Material C was a “Silver” color. From the graph of Resistance versu
wire, as well. 9

Prnterac =1.0999892x10° 3m =109.99892x10° Q

It is obvious that the only choice for this material is Nichrome (since the gi calculated
resistivities and color types match up perfectly). If we perform a percen ifference:

8 _ 8
ot ifference — (10099892 X(1lfo (?”:())8 (;210'0 ' @ X100%
UX

% difference = 0.0

Material D:

We determined that Material D was a “Gold” colbr. From the graph of Resistance versus Length,
we also obtained the following resistivity, sjnce we knew the cross-sectional area of the wire, as
well.

. =6.600036x10° Qm

There are two potential choic r this material: Tungsten and Brass; however, using the color
(gold) we know thaB& is the only possible choice. If we perform a percent difference:

_ (6.600036x10° m)-(6.33x10° m)
erence
‘& (6.33x10° Qm)
(b, |% difference = 4.27%)
%usmn

x100%

You write the details. € Include your answer here. Use complete sentences!!!!

** NOTE: There are several components of error which could significantly modify the results of
this experiment. Some of these are listed below:
e (Gauge accuracy
e Bad power supply (recall we used the DMM to attempt to alleviate this problem.)
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Buckling, bending, etc... of wire
Elemental components/material makeup of the wire

Parallax with meter stick
o 77

It is recommended that you take these and explain the “why” part of each for your results and
conclusions sections — and possibly what could have been done (if anything) to minimize the
effects of these errors.
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