PHYSICS 211L
Measurement of Force Between Two Parallel,

Current-Carrying Conductors

Date: _03/05/2007_.
SECTION: _1_. INSTRUCTOR: _Ms. Sara Najm_.
Measurement I.
Set the equilibrium separation between the axes of the rods to about 4 mm.

Table 1

	Mass (mg)

(y)
	i (A)
	iaverage

(A)
	i2average
(x)
	x2
	e=y-αx
	e2

	50
	6.77
	6.73
	6.75
	45.56
	2075.7
	5.58 × 10-6
	3.11 × 10-11

	100
	9.8
	9.63
	9.72
	94.38
	8907.5
	7.97 × 10-6
	6.35 × 10-11

	150
	12.16
	12.09
	12.13
	147.13
	21614.9
	6.54 × 10-6
	4.27 × 10-11

	200
	13.95
	14.01
	13.98
	195.44
	38196.8
	9.45 × 10-6
	8.92 × 10-11

	250
	16.19
	16.13
	16.16
	261.15
	68199.3
	-4.62 × 10-6
	2.13 × 10-11

	300
	18.25
	18.29
	18.27
	333.79
	111417.7
	-2.54 × 10-5
	6.47 × 10-10

	1.05×10-3
	Totals, Σ                    77.01
	1077.34
	250412
	XXXXXX
	8.948 × 10-6


Plot the mass, m, versus the square of the current, i2. Determine the slope of the line (α) and the error of the slope.

Remember!
For best fit, with β=0:    
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 = 6 (250412) – (1077.34)2 = 341810.524
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Therefore, 
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Measurements of the “geometrical parameters” of the set-up:

Radii of the bars: R1 = _1± 0.05 mm__.
R2 = _1± 0.05 mm _.
Equilibrium positions: S1 = _7.3± 0.5 cm_.
S0 = _-1.6± 0.5 cm_.
S = _8.9± 0.5 cm.
Length of the rod: L = _26.1 ± 0. 5 cm.
Length of beam arm: a = _20.9 ± 0. 5 cm_.

Distance from mirror to scale: b = _189.1± 0. 5 cm.  
Equilibrium separation between the two rods: d = _4 ± 0.05 mm.
Measurement II.

Change the equilibrium separation slightly and repeat the measurement.

Table 2

	Mass (mg)

(y)
	i (A)
	iaverage

(A)
	i2average
(x)
	x2
	e=y-αx
	e2

	50
	6.86
	6.81
	6.835
	46.72
	2182.75
	1.62 × 10-6
	2.63 × 10-12

	100
	9.65
	9.59
	9.62
	92.54
	8563.65
	4.18 × 10-6
	1.74 × 10-11

	150
	11.83
	11.79
	11.81
	139.48
	19454.67
	5.57×10-6
	3.1 × 10-11

	200
	13.68
	13.72
	13.7
	187.69
	35227.54
	5.65 ×10-6
	3.19 × 10-11

	250
	15.81
	15.89
	15.85
	251.22
	63111.48
	-1.01 × 10-5
	1.03 × 10-10

	300
	17.24
	17.19
	17.22
	296.36
	87827.01
	-6.88 × 10 -6
	4.73 × 10-11

	1050
	Totals, Σ                  75.035
	1014.01
	216367
	XXXXXX
	2.33 × 10-10
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Therefore, 
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Equilibrium positions: S1 = _1± 0.5 cm .
S0 =  -1.8± 0.5 cm_.
S = _2.8± 0.5 cm .
Equilibrium separation between the two rods: d = _3 ± 0.05 mm.
iii- Determination of μ0:
Use the above measurements and the slope of the mass versus i2 line to determine the permeability of free space, μ0, and its associated error. (Show your calculations).
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Compare the literature value of μ0 to the one you obtained. Comment on your results and the sources of errors in the experiment.

Theoretically 
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Experimentally  
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5.2 × 10-7 + 0.1 × 10-7 = 5.3 × 10-7
5.2 × 10-7 - 0.1 × 10-7 = 5.1 × 10-7
1.256 × 10-6 does not lie between the two values so the measurement is not accurate.

Relative Error = 
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 which is relatively high.
The source of the errors is basically the use of very sensitive instruments which were highly affected by motion around them. In addition the measurements that we had to take were very small, so it was hard to obtain the correct values with high precision using the instruments provided in the lab. Reversing the current reduced the factor of the earth's magnetic field but not totally eliminated it. 

Questions

1. Why should the effect of the earth magnetic field on your measurements be eliminated?

     The formulas derived bi Biotsavart and Ampere related to the magnetic field are based on the fact that all experiments are ideal and that the earth’s magnetic field has no effect on the results.    
     However, in our experiment, the earth’s magnetic field has contributed in our measurements. At the beginning, the current was moving in one direction, and after measuring it we reversed its direction and measured it again. 

     In one of the directions of the current the earth's magnetic field was motive and in the opposite direction the earth's magnetic field was resistive. By taking the average of the measured values we were able to reduce the error in measurement due to the interference of the earth magnetic field.

2. Why couldn’t we neglect the effect of earth’s magnetic field? (Hint: Compare the magnitude of the earth magnetic field to the magnitude of the magnetic field B1 produced by the lowest current flowing through the fixed rod.)
Earth’s magnetic field ≈ 3 × 10-5 T in an area including most of South America and South Africa
Earth’s magnetic field ≈ 6 × 10-5 T around the magnetic poles in northern Canada and south of Australia, and in part of Siberia
The lowest current flowing through the fixed rod is equal to 6.75 A.
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Bo is close to the Bearth. This is why we cannot neglect the effect of the earth’s magnetic field.
3. What would happen if the currents passing through the two bars were in the same direction?
     If the currents in the two rods were in opposite direction, each rod would exert an equal force on the other which will attract them together. 

     By applying the right hand rule, we can find the direction of the produced magnetic force. The rods will be attracted to each other and if they touched each other, a short circuit will occur.

Grade:
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