The Hard Drive:

An Experiment

for Faraday’s Law
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hysics experiments relating Faraday’s law

to everyday life can sometimes be diffi-

cult to develop. Although there are
common devices such as transformers and gener-
ators that work because of Faraday’s law, it is not
obvious to students that they use them on a daily
basis. We have developed an experiment using a
simplified, scaled-up model of the computer
hard drive to study Faraday’s law along with
magnetic data storage and access. The difficulty
of the lab can be adjusted, so it may be used
from the high school through college level.

Computers store and access information with
the use of binary numbers, strings of ones and
zeros. Therefore, all the letters, numbers, and
symbols the computer stores have to be convert-
ed into binary numbers. The binary numbers
are permanently saved onto the hard drive as
strings of magnets, referred to as magnetic bits.

The hard drive is a highly advanced computer
component, and its operation can be very com-
plex.! The important components for the pur-
pose of this lab are the platter and the read/write
head. The platter is a disk coated with a magnet-
ic material, which can be magnetized to store the
binary numbers. The read/write head writes
each binary number as a microscopic magnet
onto the platter so its magnetization is in the
plane of the platter.>? It also reads the polarity
of each bit as the platter spins below it. The
“write” part of the head is an inductive coil,!
while the “read” portion of the head can be an
inductive coil, a magnetoresistive (MR) sensor,
or a giant magnetoresistive4 (GMR) sensor.

In the laboratory, students “write” a word of
their choosing onto a scaled-up model of the
platter with the use of permanent magnets, and
read it using a solenoid (read head) as shown in
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Fig. 1. Scaled-up model of the hard drive’s platter
(disk) and inductive “read” head (solenoid).
Permanent magnets at edge of platter store the
information. When the disk is spun, an emf is
induced in the solenoid and recorded by the
computer.

Fig. 1. We use an 8-in circular piece of wood
mounted on a variable-speed motor’ as the plat-
ter. To save a word, letters are first converted to
binary with the aid of Fig. 2, and then binary is
converted to a specific magnetization.® To sim-
plify the lab, the magnetization is oriented so it
is perpendicular to the plane of the platter. A bi-
nary 1 is a magnet with its north pole vertically
above the south pole, with the opposite for a bi-
nary 0. Using these conversions, a word is then
“written” to the disk by taping permanent mag-
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a ] 00001 [j |01010[s | 10011
b | 00010 [k | 01011 [t | 10100
c [ 00011 [1 [01100 [ u | 10101
d ] 00100 | m|o1101 [v [ 10110
e | 00101 [ n [01110 [ w | 10111
f 00110 [0 {01111 [x | 11000
g 00111 | p [ 10000 [y [ 11001
h [ 01000 | q | 10001 [z | 11011
i [01001 | | 10010

Fig. 2. Conversion table used to translate
between letters and their binary equivalents.

nets to the perimeter of the platter.

The read head, a small solenoid with an iron
core,’ is mounted above the spinning disk. The
solenoid is attached to a voltage probe® and in-
terfaced”!? with a computer. As each magnet
moves under the solenoid, the magnetic flux
(number of field lines through the coil) changes
as a function of time, and an emf is induced (in
each turn of the coil) according to Faraday’s
law,!!

o
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where € is the induced emf, and @ is the mag-
netic flux through the loop. The computer pro-
gram produces an emf-versus-time graph.
Interpreting the graph is best performed by
considering the emf produced by a single bit rep-
resenting a binary 1. The magnetic field
strength versus the distance from a binary 1
magnet has roughly a Gaussian profile. This
causes the flux through the solenoid as a func-
tion of time to have the Gaussian profile as
shown in Fig. 3a. The emf versus time can be
deduced from Faraday’s law (Eq. 1) by plotting
the “negative” slope of the flux-versus-time
curve. The shape is shown in Fig. 3b, a negative
pulse followed by a positive pulse. A binary 0
has an inverted shape. Figure 3c shows an exper-
imental measurement of the binary number 10.
After learning how to read their own word, lab
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Fig. 3. (a) Magnetic flux vs time as a north
pole (binary 1) moves under a solenoid.
(b) Induced emf in the coil vs time as the
binary 1 moves under it, which is the nega-
tive of the slope of the flux vs time. (c)
Experimental recording of the binary number
10 where the bits are spaced closely.

groups trade disks and read an unknown word.

Modifications can be made to simplify the
lab. Use a ruler as the platter and tape the mag-
nets to it to save a word. Attach the solenoid to a
galvanometer. Have students place the solenoid
over each magnetic bit and pull it away. The
needle on the meter will deflect in opposite di-
rections for binary ones and zeros. This version
also illustrates Faraday’s law and the general
physical concepts used in the hard drive.

In conclusion, an effective and exciting lab
has been created to teach Faraday’s law and illus-
trate how physics permeates everyday life.
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