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DISCUSSION ON ELECTRICAL PROPERTIES OF MATERIALS

DEFINITIONS AND RELATIONSHIPS

CONDUCTIVITY, o, ANDRESISTIVITY, p , ARE RELATED AS

RELATIONSHIP BETWEEN RESISTANCE (R ), VOLATAGE (V ), AND CURRENT (i) IS
R =V/1

WE HAVE THE RELATIONSHIP BETWEEN THE RESISTIVITY , p , RESISTANCE, R,
CROSS SECTION AREA, A, AND LENGTH, L, AS

0 =R*A/L
SUBSTITUTING FOR R FROM ABOVE, WE GET

VA
P=TL

VARIATION OF RESISTIVITY WITH TEMPERATURE -TWO
TEMPERATURES T1 AND TO

pl:=p0+a (TL-TO)

CROSS SECTIONAL AREA , A, OF A WIRE IS GIVEN BY
A =Pi*d"2 /4

Ua=2x Ud

where d is the diameter of the wire. Suppose d =0.000394

Res d ( Resolution of d In meters )
= 0.002 in mm ( the smallest Vernier Reading in mm ) /1000



Res_d := 0.200000000010°°
Then,
Ud =Res_d/d

Ud := 0.005076142132

Coming back to the equation
p =R*A/L
we can write in terms of associated uncertainties

pLUp = R4Ur ) (AZUa ) /(LZUL)

=(RA/L) < (Ur+Ua+U0)

We can also write
Ua =2x Ud

U. =Res L/L
Ur =Res_R/R

In the TABLE 2A we have
Res d = 2x10M(-6 )

Res L =5x10"(-5 )
Res R = 0.1
Up = (Ur+2Uq-+UL)

IT weuseR=3.1;d=1.98x10" ( -4) , and L = 6.04 then
We get

o = ( 3.1416*d**R )/(4*L)

p :=0.158031993010"

then we will get
Ur =Res R/R; Ud = Res d/d; UL = Res L /L;

UR := 0.03225806452
Ud := 0.01010101010
UL :=0.827814569510°



Now, we can calculate

Up = (Ur+2Ug+UL)

Urho := 0.05246836287

p_max = p + (p * U,) = 0.1663236730107

p_min =p - (p * Up) —0.149740313010°
In Lab 3, the formulas are given in the Tables, and you are

asked to perform one set of sample calculations for copper only

EXPERIMENTAL MEASUREMENTS

—

COPPER WIRE

FIG. 1 VARIOUS ITEMS USED IN THE EXPERIMENT

NO 1

CALIBRATION OF DIGITAL MULTIMETER



Fig. 1 shows various items used in the experiment. The digital multi meter is calibrated by measuring
the resistances of two standard resistances having value of 10 ohms and 1 ohm . Suppose the 10 ohms
resistance is shown as 10.2 ohms then the offset is 0.2 ohms, and it has to be subtracted FROM 10.2 .

TABLE 1

CALIBRATION CORRECTION OF MEASURED RESISTANCES

RESISTOR MEASURED CORRECTION CORRECTED VALUE TO BE
VALUE ENTERED IN THE
SPREADSHEETS
1 OHM 11 -0.1 1
10 OHMS 10.1 -0.1 10

KANTHAL (T1)

KANTHAL (T2)

KANTHAL (T3)

COPPER (T1)

COPPER (T2)

COPPER (T3)

NO 2

COPPER WIRE MEASUREMENTS

The details about the copper wire are shown in Fig. 2.

(A) The portion having copper winding is immersed in a tube containing paraffin ( shown in Fig. 3)
which is immersed in the hot container shown in Fig. 1.

label - length

and dia of

FIG.2 COPPER WIRE

erminals




FIG. 3 THE TUBE CONTAINING PARAFFIN
BEING IMMERSED IN THE HOT CONTAINER

(B) The steady state temperature of the paraffin bath is measured with a thermometer which has
smallest reading of 1 degree C.

(C) The resistance of the copper at Room Temperature is measured, and calibration correction is
applied AS DONE IN TABLE 1

( D) The resistance of the copper in the heated state is measured, and calibration correction is applied.
(E) The resistance of the copper in the cold state is measured, and calibration correction is applied.

All the temperatures as well as three values of resistances , after applying the calibration corrections,
are entered in A8, A9, and A10 as well as B8, B9, and B10 respectively ( see the Figure below ).

(F) The length and diameter of the copper wire is noted from the label shown in Fig. 2. The values of
length and diameter are entered in Bland B2 respectively.

( G) Fill in the resolution values in B4 ( micro meter resolution ) , B5 ( Vernier Caliper resolution ) ,
and B6 ( thermometer resolution ) .



TABLE 2A

Ll

L E w EC ] T

2 - &
A | E | C | D | E
1 |Copper Length {m) GIVEN 6.04
_2 |Copper diameter (m) GIVEN 1.980E-04 - *
'3 | Area (m) 3079608 A,CALCULATE B4+2/62
_4 |Resolution for diameter {m) 2 00E-0F L% by diameter 2.02%
_ 5 |Resolution far length {m) 5. 00E-05 LI% by length 0.001% =B5/B1
B |Resolution for Resistance (Chr) 0.1
7 | Temperature (°C) Resistance (Ohm) |Resistivity (Ohm.m) | U% of resistance |Total uncertainty |L
8 1.5 3.1 1.58E-08 3.226% 8.29E-10
9| 2175 3.35 1.71E-08 2.935% 8.55E-10
10 893.8 4.35 2. 22E-08 2.299% 8.53E-10
1
12
13
14
151
4 4 » M\ Copper wire, Kanthol specimen / Chart2 / Sheet2 ;| 14 |
TABLE 2B
| Bed - %@ﬁ%ﬁ‘QJplﬁA
05 - & =B5/81
& | D | E | E | G L
1
2
3
4 |L1% by diameter 2.02% | =C8* (D4 +D5 +D8 )
5 |U% by length 0.001 %
SR ' ' / /=F8  =CB+ES
7 |Hesistivity (Ohrn.r) | % of resistance |Total unn::ertaiﬁ,f Luyé'r bound Uppeﬁnund
g 1.58E-08 3.226% 8.29-10 | A1.50E-08 | 1%6E-0S
g 1.71E-08 \ 2.985% \ 8.55E-10 1.62E-08 1.79E-08
10 2 22E-08 2.299% h,  S.55E-10 2.12E-08 2.31E-08

(H

) Check the plots

=§B*33IB1

SAMPLE CALCULATIONS

=B6 /B8



Perform sample calculations
(1) D4,D5, C9, D9, E9, F9, and G9 based on the formulas shown in Tables

NO 3
KANTHAL WIRE MEASUREMENTS

The details about the Kanthal wire are shown in Fig. 4

(A) Measure d, and pitch p using Vernier Caliper and compute d. using formula in Fig. 4

- (p2)}*0.5

‘:\dclih
p

ST LINE
SEGMENT

ALONG THE AXIS

Lt (LENGTH PER TURN ) = 3.1416 x d

FIG. 4 MEASUREMENT OF TOTAL LENGTH OF
KANTHAL

Length Per Turn is given by L; above . This is just for interest, -- Not entered in the calculations in
the spreadsheet .

Total Length L = N x Lt + Extra Length ( Straight Line Segments ) --- Not for entering in the
spreadsheet.

(A) Count the number of Turns N

(B) Enter
N (B1),
d. as per the formula given in Fig. 4 and enter as ( B2 ), and

Straight Line Segment as shown in Fig. 4 as (B3)



(F) Make electrical measurements at the three temperatures and enter as All, A12, and Al3 as
well as B11, B12, and B13.

(G ) Compute Cross Sectional Area A of the Kanthal Wire

A =3.1416 x d™2/ 4 : Enter the value of A in B6

g

TABLE 3

il

A& 0.0541000

00 m | | LD D —

[

A,

Mumber of turns
The diameter of the care {m)
Free length inside the core (m)
Total kanthal Length {m)
Diameter of the Kanthol wire (m)
Area of Kanthol wire ()
Resolution for diameter {m)
ﬂResulutinn for length (rm)

89 |Resolution for Resistance (COhm)

B

32 —READNG N

2 245E-02 —READING— g
8.970E-02 —READING

2345 — 173, 14*62+0 7w N* pi*de¢ Y+ Extralength
3.950E-04 —READING
1.225E-07 —ni*B5%244

200E-06 ——  (0.002/1000

500ED5 —1

1.01%

0.05/1000

| 0,00 %
| ]

0.1 —HREADING

B/ "2/B5

— B3/B4

10 | Ternperature (°C)

11
12
13

4 4

Resistance (Ohm)

Resistivity (Ohm.m)

% of Resistance

Total uncertainty

1 —READING—

— 5.

20 —READIMG 4

|~ 2 52EH]

100 —READING 2 STEH]T

1.37E-06
/ 1.32E-06
1.31E-0B

0.382%
0.397%
0.395%

1.91E-08
/ 1.66E-08
1.85E-08

=B11*B6/B4
hY

R

L

TABLE 4

/
=B9/B

11

=(D7+D8+D11)*C11




(S ] . L H wuc JEEL | e

E11 - £ =(D7+DE+D11)*C11 —

C | O | E | F | G
1 |READING
2 |READING
3 |READING
4 |B173.14"B2+63
& |READING
B |pitB52/4
7] 0.002/1 000 1.01% B 285
=N 0.05/1000 0.002% B3/B4
9
10 [Resistivity (Ohm.m) | U% of Hesistance |Tuta| uncertaintg.ranwer bound |Upper bound
1 1.37E-06 0.352% [ 191E03 ] S3AE-06 1.39E-06
A2 1.32E-06 0.3597 % | 1.86E-05 1.30E-06 /1.34E-EIE
13 1.31E-06 0.358% 1.85E-08 1. 289E-06 1.33E-06
w
i =C41-E11  =C14+E11

M 4 » M t Copper wire }“I:ia-r;{l;nl specimen / Chart? / Sheet? ;| 4 |

NO 4

Plot the results for Kanthal just like Copper

NO 5

Discuss the results for the two resistors separately.
NO 6

Write Conclusions

NO 7

Write Sources of Errors.

10



