Engineering Physics — E & M Lab 7

THE MAGNETIC FIELD OF A LONG,
STRAIGHT WIRE

INTRODUCTION

When a compass is brought near a current carrying conductor the compass needle is
deflected, thereby indicating the presence of a magnetic field. This connection between
electricity and magnetism was first noticed by Hans Christian Oersted in 1820.

DISCUSSION OF PRINCIPLES
The magnetic field of a long straight wire is given by

1
B =t (1)
2rr
where ! ¢ is a constant, / is the current flowing in the straight wire, and  is the
perpendicular distance of the observation point from the wire. Note that the magnetic

field B is inversely proportional to the distance r.

The magnetic field in this lab will be measured by the use of a compass. The needle
of a compass always points in the direction of the total magnetic field. In the absence of
any nearby ferromagnetic materials or external magnetic fields, this is toward the Earth’s
north magnetic pole. In this lab, we will arrange the geometry so that the magnetic field
of the long, straight wire is perpendicular to the Earth’s magnetic field.

Bwire

Btotal BE

From the diagram above, we see that tan ! = Bi,e/Bg, and therefore

B, =B, tan0 (2)

We assume the horizontal component of the Earth’s magnetic field to be 2 x 10~ Tesla.

PROCEDURE

1) Align the PVC frame and wire so that the wire and compass both point toward the
north. The compass should rest over the red dot on the wire, supported on both sides
by four pieces of Styrofoam. Try to keep metal objects as far from the compass as
possible.
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Compass

Styrofoam Pieces Styrofoam Pieces

Diagram of set-up: “X” represents the direction of the wire.

Recall the direction of the Magnetic field from the “right-hand rule”:

Figure: Magnetic field created by the wire.
The “X” denotes that the current running in the wire is directed “into the page”

2) Hook up the power supply to the wire with a multimeter as an ammeter. Then increase
the current until the compass deflects by 40j. Record the current on the worksheet with
its uncertainty(you can assume that the uncertainty in the current is 1%).

3) Add one piece of Styrofoam on each side. Record the deflection of the compass,
keeping the current the same as in step 2.

4) Repeat this procedure twice so that you have four distances and four deflections.

5) Determine the thickness of one piece of Styrofoam by stacking ten pieces, measuring
the height of the stack and dividing by ten.

CHECKPOINT 1: Have your TA check your table before proceeding.
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6) Assume the form B =K r ", where K = 1pl/2" . We would like to find the value of n. If
we take the natural log of both sides we get

InB=In(Kr")=In K+ ninr 3)

This is of the form of a linear equation, y = mx + b, where y = In B, x = In 7, the slope
is n and the intercept is In K. Graph In B vs. In 7 and obtain the slope and intercept.

8) Use the Linest function in EXCEL (see the Excel Tutorial on the course website, if
necessary) to determine the uncertainties in the slope and intercept.

7) From these values, calculate n» and [ and their corresponding uncertainties. Please
write the formula used to calculate the uncertainty in L on the worksheet.

CHECKPOINT 2: Have your TA check your calculations before proceeding.
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MAGNETIC FIELD OF STRAIGHT WIRE — Worksheet

Thickness of one piece of Styrofoam

Current A+ A

Distance (r) Deflection (! ) Byire InB Inr

40j

CHECKPOINT 1: Table
Slope = +
Intercept = *
n= +

GMOZ
Ho = *
CHECKPOINT 2: Calculations
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