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IX. ELECTROMAGNETISM APPARATUS

A ELECTROVAGNETI SMAPPARATUS

The apparatus inthis group is primarily concerned with the creation of nagnetic

fields in various forms.



Al, Magneti zing Coil and Magnets

-231-

ELECTROVAGNETI SMAPPARATUS

©

(4) Coil

a. Materials Required

Conponent s
(1) Base

(2) Spool

(3) Endpi eces

(4) Coil

Qu Itens Required

1 Wod (A)

| Wooden Dowel (B)

2 Wboden Strips (O

| Rol | of Magnet Wre (D)
! Switch (E)

| Doubl e El ectri cal
| Two Pin Plug

Cord (F)

1 I nsul ati ng Tape (H

(3) Endpi eces

(2) spool

(1) Base

Di nensi ons
15 cmx 15 cmx 2 cm

3 cmdi aneter,
8 cmlong

8cmx 8cmx 0.5 cm

#22, 1 kg
220 volts
#20, 200 cm | ong
220 volts

© From Reginald F. Melton, Elenentary, Econonic Experinents in Physics, Apparatus

Gui de, (London: Center for

Educational Devel opnment Over seas,

1972), pp 138- 142.



- 232~

b. Construction

(1) Base

(2) Spool

-

Dowel (B) Axi al Hol e

(3) Endpieces

Dowel (B) Endpiece (O
(4) Coi |
]
pise —
Shaft \ Snool
Nail Holes
Brace Nails
\ Jaws
/

Use wood (A) as the base.

Drill ahole (2 cmdianeter)

al ong the axis of the wooden
dowel (B) to make an appropriate
spool .

Drill a hole (2 cm diameter)
inthe nmddle of each wood
strip (C) and attach the strips
to either end of the spool with
wood cenent.

Wnd all of magnet wire (D) on
to the spool taking care to

| eave about 25 cmof free wire
at either end of the coil for
appropriate connections. The
wi ndi ng of the coil nay be
facilitated by the use of a
brace as fol |l ows.

Hammrer two large nails (15 cm
long) into the side of a bench
so that they protrude hori zon-
tally some 50 cmapart. Place
the spool to be wound on one of
the nails. Fastenthe first
turn of magnet wire around the
spool in such away that it

will not sliponturningthe
spool. Then get your partner
to hold the wire taut over the
second nail so that it may be
wound under tension.
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Attach a short shaft (2 cmlong,
lcmdiameter) to the center of

a circular disc (7 cm dianeter,
0.5 cmthick) by nmeans of a
screw. Hamer three nails
through the perinmeter of the disc
and drill three corresponding
hol es in the endpiece of the
spool to take the protruding
nails. Canp the jaws of the
brace firmy on to the shaft.
Lock the di sc and spool toget her
by nmeans of the disc nails, and
then begin to wind the coil by
turning the brace.

Endoi c Drill a small hole in each
ndpi ece (O endpi ece and | oop the wire ends

il (D) through these holes to prevent
unwi ndi ng of the coil.

Loop

Make two insets (8 cmlong,
0.5 cmwide, 0.2 cmdeep) in

appropriate positions on the
base to hold the endpieces.

Fix the endpieces firmy in the
insets with wood cenent.

Base Insets

Attach switch (E) to the base,
and connect one of the |oose
wires fromthe coil to the
switch. Insert a screwinto the
base as indicated, and attach
the other wire fromthe coil.to
the newy inserted screw. Take
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the double electrical cord (F)

with two pin plug (G attached,
and connect onewire to the

screw, and the other wire to
|~ the switch.

Screw ) ) . .
/ Since the coil and wires wll

L carry a high voltage (220 volts),

it is inportant that all

y

wiring should be covered with

Electrical Cord (F) insulating tape (H). Cover the
Coi | coil, the wire and the screw
with the tape.

C. Not es
(i) To magnetize an item place a suitable steel specinenin the center of the

coil. Switch the current quickly on and off. The specimen will be nmagnetized on
renoval fromthe coil.

Ticonal is anideal alloy for nmaking magnets, but is rarely available on
local markets. High quality tool steel is a good second best, and is generally
found in good quality tools (chisels, screwdrivers, drill bits, etc.), as well as
donestic items such as razor blades and sew ng needl es.

Unfortunately, the "high grade steel' sold on many | ocal narkets tends to
to be of poor quality, and does not retain nagneti smwell. However, if the steel
is heated to red heat in any oxy-actylene flame, and t hen quenched in col d water,
it tends to be hardened, and hold magnetism sonewhat better. (It should be noted
that "steel rods" used in construction work for reinforcing concrete are made of
soft iron, and cannot be permanently magnetized.

This magnetizing coil is designed for use with a 220 volt mains supply,
and is capable of producing extrenely strong magnets, It would also work with a
110 volt supply, but the nmagnetism induced in a given specinen would be weaker
than with a 220 volt supply. The magnetizing coil should never be switched on and
left on, as it would overheat and burn out. It is designed for usage over very
short periods of time (2 or 3 seconds only).

To dermagneti ze a speci nen, place the magnet inside the coil and holdits
end very firmy. Switch on the current, and renove the specinen fromthe coil
maintaining a firmgrip on it. The current is not switched off until the specinen
is completely out of the coil.



A2. Multipurpose Coil with Cores

(1) Coil

a. Materials Required

Conponent s
(1) Coil

(2)Core

h, Constructi on
(1) Coil

—

N — - N
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(2) Core

Itenms Required
Dowel (A)

Wod Strips (B)

Rol | of Magnet Wre (C
Maski ng Tape (D)

Brass Bolts (E)

Nuts (F)

Bolt (G

Soft Iron Plate (H)

Di mensi ons

1.2 cmdianeter,
3 cmlong

3cmx2cmxo. 5an
#22

.3 cmdianeter,
.5 cmlong

= o

0.3 cminternal dianeter

0.4 cmdi aneter,
4.5 cmlong

3cmx 2cmx 0.3 cm

The size of the coil is not

critical,

but it does affect

the spacing and size of
conponents used on the Magnetic
Fiel d Apparatus (I1X M) and

Movi ng Coi | Gal vanoneter (X C2).



Drill a hole (0.6 cm dianeter)
along the axis of the dowel (A).

1.0

| |
1

i N | Axial
Hole

Dovel (A)
Endpi ece (B)
Drill simlar holes in the two
wood strips (B), at a distance
: of 1.0 cmfromthe ends, so that
Corners
Removed when the strips are attached

to either end of the wooden

Axial Hole
dowel (A) they serve as endpieces

with a conmon axial hole. cut
™~ Dowel (A)
Position off the top corners of the end-

pi eces, and snooth them down
Endpi ece (B) W th sandpaper.

Wnd ten layers of nmagnet wire

(O on to the dowel, |eaving

(A) : about 10 cmof wire free at
3 S Magnet _ _
Wre (C ei ther end of the coil. Cover

the final layer of wire with
masking tape (D) to hold the

coil in position.

Endpi eces ( B)

Use bolts (E) and nuts (F) to
make two terminals as described
under VII11/A2, Conponent (4),
and attach themto one endpiece
as indicated.

Cean the ends of the two wires
fromthe coil, and fasten them
under the locking nuts of the

. respective termnals. Make sure
Term nal s o )
that it is possible to see the



way i n which the wire fromeach
term nal begins to wi nd around

the coil, for this makes it
possible to deternmine the
direction of the current around

the coil, and hence the direction
of the nmagnetic field produced.

(2) Core Drill an inset (0.4 cm deep,
. - 1.0 cm dianmeter) over the hole
Ny i n the endpi ece whi ch contains
‘eBoIt (9 the termnals. Insert bolt (Q
T T in that the bolthead sits snugly
in the inset.
Inset
als]
| __l:lb
Drill a hole (0.4 cm dianeter)

through the center of the iron
plate (H. Mke a thread (0.4
cm dianeter) in the hole, and
attach the iron plate to the
bolt (G by means of the

t hreaded hol e.

L—" Plate (H)

C. Not es

(i) The mul tipurpose coil may be used in a wi de range of experinments to produce
magnetic fields. It may also be used in instrunents [e.g., the Magnetic Field
Apparatus (IX Ad) and the Mwving Coil Gal vanoneter (X C2)] where a fixed magnetic
field is required.
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A3. Magnetic Fi el d Appar at us

{\/2/———“ (1) Support
/

(2) Field System

a. Materials Required

Conponent s Q Itenms Required Di mensi ons
(1) Support 1 Wod (A) 10 cmx 7 cmx 1 cm
1 Wod (B) 10 cmx 4 cmx 2 cm
2 Wood Screws (Q 2 cmlong
2 Brass Bolts (D 0.3 cmdi ameter,
2 cmlong
4 Nuts (E) 0.3 cminternal dianeter
Bolt (F) 0.2 cmdianeter,
2 cmlong
1 Nut (G 0.2 cminternal dianeter
2 Thunbt acks (H) --

@ From Reginald F. Melton, Elementary, Economic Experinents in Physics, Apparatus
Gii de, {London: Center for Educatlional Devel opment Overseas, 1972), pp 146- 148.
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(2) Field System 2 Brass Rods (1)
2 Nuts (J)

2 Magnet Wres (K)
1 Al um num Rod (L)

1 Hor seshoe Magnet (M

b. Construction
(1) Support

Upright (B)=— =

Adj ust nent
Screw (F/G):

Base (A)

Terminals (D/E)

Bolt (F)
Nut (G)
&P,

ﬁ“iaf”_:l— Base (A)

0.4 cm di aneter,
5 cmlong

0.3 cminternal
di aneter

#22, 8 cm | ong

0.3 cm di aneter,
4 cmlong

Use wood (A) as the base.

Attach wood (B) verticallyto
the base with two wood screws
(O passed through the base (4
cmfromone end). Use wood
cenment to insure afirmjoint
bet ween the upright and base.

Use the bolts (D) and nuts (E)
to make two termnals, as
descri bed under VIII/A2, Com
ponent (4), and attach these to
the base (A) just behind the
upright (B).

Drill a hole (0.3 cm dianmeter)
through the base totake bolt
(F). Inset nut (G over the
hole by strikingit into posi-
tion with a hammer Thread the
bolt through the nut thus pro-
duci ng an adj ust nent screwfor
levelling the base. At opposite
corners on the other side of
the base, insert two thunbtacks
(H beneath the base, so that
the latter sits on three points,
the adjustment screw and two

t hunbt acks.
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(2) Field System

Upri ght (B)

Li ght wei ght

Roller (1) N\

Brass /
Rods (1) /‘ﬁéﬁ@

Terminals (D E)

c. Notes

Drill two horizontal hol es

(0.4 cmdiameter) through the
upright (B). It is inportant
that the two holes should be at
exactly the same height (6 cm
above the base, and that they
shoul d be perfectly horizontal.

Take the two brass rods (I),and
thread the end of each (thread
di ameter 0.3 cn). Pass the rods
through the newy drilled holes,
and use epoxy resinto hold
themfirmy in position. (Avoid
getting the resin on the pro-
truding rod since it is an in-
sulator). Attach nuts (J) to
the rod ends, and connect the
rods and terminals to one anot her
with magnet wire (K).

Pl ace rod (L) across the hori-
zontal brass rods to serve as
a lightweight roller.

Purchase a strong horseshoe
magnet (M froma local shop.

It may be held in position by
hand, thus creating a vertical
magnetic field at right angles
to the lightweight roller.

(i) Ifthreedry cells (1.5 volts each) are connected across the terninals, a
current will pass through the I'i ghtweight roller at right angles to the magnetic
field, and the roller will be propelled along the horizontal rods. This piece of

apparatus may be used for studying the force exerted on a current carrying

conductor placed in a magnetic field.

(ii) Should there be any difficulty in obtaining a strong horseshoeagnet, then
mul ti purpose coils may be used to replace the magnet. Such a system is described

in the next item(IX Ad).



(3)

(2) Multipurpose Coils &R
S
(o>
N

(1) Basic Apparatus

T

/

&

/,
[/ \\/
//

N
S O
Pd
“HN
a. Materials Required
Conponent s Qu | tems Required

—_

(1) Basic Apparatus

(2) Multipurpose 2
Coils

(3) Coil Hol ders 2

4

4

‘© From Reginald F. Melton, E
Guide, (London:

Magnetic Fiel d
Apparatus (A)

Mul tipurpose Coils with
Cores (B)

Brass Sheets (O
Screws (D)

Brass Sheets (E)

(G

Coi| Hol ders

(4) Termnals

Di nensi ons

| XI' A3, No magnet
required

[ X/ A2

2cmx 2 cmx 0.02 cm

Approxi mately 0.6 cm
| ong

3cmx 0.8 cmx 0.05 cn

Center for Educati onafl Devel opment Overseas, 1972), pfo 149-152.



(4) Terminals 2

b. Construction

(1) Basic Apparatus

(2) Miltipurpose Coils

Pole Head

Groove

(3) Coil Hol ders

)

Screw
Ho;es //'J‘

Brass Sheet (C)
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Screws (F)

Brass Bolts (Q

Nuts (H

Magnet Wre (1)

Approxi mately 0.6 cm
| ong

0.3 cm di aneter,
2 cmlong

0.3 cminternal
di anet er

#24

Make t he Magnetic Field
Apparatus (A) as descri bed

under |X A3. A horseshoe magnet
i's not required, and the nagnetic
fieldis produced by nmeans of
the additional conponents
described bel ow.

Make two Mul ti purpose Coils (B),
conpl ete with pol e heads, as
descri bed under IXA2. Cut a
hori zontal groove in the front
endpi ece of each (just beneath
the pol e heads) to insure a

good grip for the coil holders.

Bend the two brass sheets ((
into spring holders as indicated.
Drill two screwholes inthe

center portion.

Spring Hol der



Slot —

Screw —+h0
Hole L

Cip Holder (E)

Bend Line

Clip Holder (E)

Spring Hol der (C

§%{I./

(2 o

=Py

Coi |
£

0.6

Term nal s

Coil Terminal

e

Bent dip
Hol der (E)

Upri ght

Cut aslot (0.7cmx 0.3 cm in
the end of each of the brass
sheets (E) and drill a screw

t hus
produci ng four clip hol ders.

hole in the other end,

Bend two of the hol ders at right
angles to make L-shaped clips as
foll ows.

Measure the distance from the
center of the coil terminal to
the upright. Let's say thisis
1 cm Then the clips must be
bent at right angles at 1.3 cm
fromthe slotted end. Fit the
sl otted end of each clip hol der
under the locking nut of a ter-
m nal on the [ ower coil, and use
screws (F) to attach the clips

to the upright.

Use screws (D) to attach the
spring holders horizontally to
the upright of the apparatus,
and 1 cm bel ow, the
rods. Clip the

mul ti purposecoilstenporarily

1 cm above,
hori zont al
in the spring holders, and mark
out the positions of the free
endpi eces of the coils.

Cut the top off the upright, so
that it is level with the top
of the upper coil. Take two
clips, and fasten the slotted end
of each under the | ocking nut of
atermnal on the top end of the
coil. Then holding the coil

close to the upright, attach the
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clips to it with snall screws

(F).

(4) Terminals Use bolts (G and nuts (H to
meke two term nal s, as described
under VI11/A2, Component (4).
Attach themto the front of the
base. Finally connect the
termnals and coil hol ders by
magnet wire (1) so that electri-

cal connections exist between
points atoa, btob andc to

¢ (see diagram, thus insuring
that current will flow through
the multipurpose coils in the
same direction once the ternminals

at the front of the base are
connected into a circuit.

Terminals

C. Notes

(i) The apparatus nmay be used to study the rel ati onshi p between the force
exerted on a current carrying conductor and the magnetic field surrounding the
conductor. For this purpose a suitable magnetic field may be created by connecting
two dry cells (1.5 volts each) and a torch bulb in series with the multipurpose
coils. Astrong current may be passed through the |ightwei ght roller by nonen-
tarily connecting three dry cells inserieswiththeternmnals leadingtothe
horizontal rods. Under such conditions theroller will be propelled alongthe

rods.



