VI. OPTICS APPARATUS

The apparatus in this section has been grouped according to the concepts, and are

identified as follows:

A. GENERAL APPARATUS

This apparatus is for use in studying all aspects of optics whether this mght be
reflectionand refraction, or interference and diffracti on.

B. REFLECTI ON APPARATUS

This apparatus is sufficient for a sinple study of reflection. The el ectropl ated
mrrors are preferable to brass mrrors described, although the latter will be found

adequate for nost purposes.

C. REFRACTI ON APPARATUS

Appar atus for the study of refraction using plastic prisns.

D. LENS APPARATUS

Apparatus to enabl e a study of the properties of |enses.

E. DI FFRACTI ON AND | NTERFERENCE APPARATUS

A study of the basic phenonmena of interference and diffractionis possible with
this apparatus, using sinple slits, holes and thin fil ns.



A. GENERAL APPARATUS

Al . Light Source ©

(1) Lanp Housi ng

a. Materials Required

Conponent s Qu Items Required Di nensi ons
(1) Lanp Housi ng 1 Ri ppl e Tank, Lanp | VI Al, Conponent (5)
Housi ng (A)
(2) Base 1 Pl ywood ( B) 21 cmx 11 cmx 0.5 cm
2 Wod Strips (O 16 cmx 2.5 cmx flcm
2 Wod Strips (D) 11 cmx 2.5 cmx ! cm

b. Construction
(1) Lanp Housing This lanp housing (A) is pre-
cisely the same as that designed
for the ripple tank (IV/A).
Al that is added is a base.

©OFromReginald F. Melton, Elenentary, Econonic Experiments in Physics, Apparatus
Qi de, (London: Center for Eddcattonal Developnent Overseas, 1972), p 98.




(2) Base
/7
L
Pl ywood (B) Wood
Strip (O
C. Not es

Make t he base fromthe piece of
p! ywood (B). Nail the two short
pi eces of wood (D) to the ends
of the plywood (B) and nail the
remai ni ng wood strips (C) tothe
pl ywood, too. Make sure that
they will hold the | anp housi ng
firmy in position. Then nail
it into position.

(i) This light source may be used in conjunction with the Slit/Aperture

Corbi nation (VI/AZ) to investigate the behavior of rays of light transmtted from
the source. The light source is designed for use with all the itens included in

this chapter, includingtheinterference and diffraction apparat us. If the bulb

used is bright (e.g.,

tory.

100 watts), there will be no need to bl ack out the | abora-



A2. Slit/Aperture Conbination

n 20
o0 o0
cCo o

«—— (2) Framework

a. Material s Required

Conponent s
(1) Metal Sheet

(2) Franework

Qu

|

Itens Required

Al um num Sheet (A)

Wood Side Strips (6)
Wod Side Strips (Q
Wod Strips (D)

M~ (1) Metal Sheet

Di nensi ons
15 cmx 10 cmx 0.02
cm

1 cmx 1 cmx 0.5 cm
15 cmx 2 cmx 0.5 cm
11 cmx 2 cmx 0.5 cm



b. Construction

(1) Metal Sheet
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Support
Bl ock

(2) Framework

co €
aoo
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Wood
«—Strips (B)
\
\\\\
Sheet
Metal (A)
N
- Wood
Strips (D)

Cut the slit (0.1 cmw dth) and
apertures (0.1 cm diameter) in
any suitable thin sheeting (A
(metal, bakelite, cardboard) so
long as the slit and apertures
have clean cut edges. If the
material used is relatively
rigid, a small wooden bl ock
will provide adequate support.
If the material tends to flex
under its own weight, a frame-
wor k, such as that indicated
below, will be required for
support.

Nai | or glue two wood strips (B)
toathird strip (C, leaving
about a 0.1 cm gap between

them Make an identical piece
fromthe other two narrow strips
(B) and the one renmining wde
strip (Q. Slide the netal

sheet into position between the
two pieces.
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Nai | the top and bottom pieces
3, (D) to the two upright pieces
to conplete the franework. The
t hi ckness of the bottom strip

o \\ (D) should not be nuch nore than
0o ) 0.5cm as there is a tendency
\wood for this strip to cut off a
/Stm'p (c) desirable portion of any Iight
// pat h.

L/

c. Notes
(i) The decision as to whether to use aframe will probably be one of economics.

Thick netal sheets are much nore expensive than thin ones, but the cost of |abor
involved in making a framework for a thin sheet may in sonme instances offset the

difference betweenthe two.

(ii) The slit is primarily intended for delineating light rays (from the Light
Source, VI/A) which may be traced across a horizontal surface.

(iii) If the metal sheet is placed on itsside the apertures will sit at an appro-
priate height in front of the Light Source(VI/Al), and may be used as objects for

experiments wth [|enses.
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B. REFLECTI ON APPARATUS

Bl. Mrrors and El ectropl ati ng

(1) Mirror

—

(2) Holder
a. Materials Required
Conponent s Qu Itenms Required Di mensi ons
(1) Mrror 2 Brass Sheet (A) 10 cmx 2.5 cmx 0.1 cm
(2) Hol der 2 Metal Strapping (B Approximately 6 cm x
2 cmx 0.02 cm
2 Plastic Tape (Q 2cmx| cm

b. Construction
(1) Mrror Cut the sheet of brass (A) on a
metal guillotine (to be found in

your nearest netalwork shop).
Brass

Strip (A If the metal sheet is cut with
\ bench sheers some distortion is
al nost certain to result, thus

lowering the quality of the
Woden

mrror. Ifthe mirror is to be
Bl ock

curved, bend it over a snooth,

r curved, wooden block until the

mrror becones the arc of a
circle of radius 8.5 cm

© From Reginald F. Melton, El enmentary, Econonmi c Experinents in Physics, Apparatus
Cui de, (London: Center for Educational Devel opment Overseas, 1972), pp 101-103.




(2) Hol der /4{

2
|/ <« Plastic
Tape (O
2 /’1
—
Slot

APlastic

Tape

C. Not es

Polish the netal strips first
wi th coarse carborundum paper,
and then wi th successively
finer and finer grades, taking
care at each polishing to
remove t he deeper marks of the
previous polishing.

Cbtain a mirror finish by
polishing the surface with a
soft cloth and netal polish.

Bend t he pi ece of metal packing
case band (B) into a triangular
shape. Curve the endpi eces and
cover themwith the plastic
tape (C) to protect the mrror
surface.

Alternatively, cut aslot (0.2
cmw de) in a wooden bl ock

(2 cmx 2 cmx 2 cn). Line the
slot with plastic tape to prevent
t he wood fromscratching the
surface of the mirror to be
hel d.

(i) Brass mirrors nmust be cleaned with netal polish before each usage. This

process may be elimnated if the metal surface iis el ectroplated. The procedure

to be foll owed i s descri bed bel ow

Procure a plastic, or glass, container about 15 cmdeep and 10 cmin

diameter, and fill it with a nickel solution (e.g.,

G eamax and Level brite).

Wash t he polished brass mrror in caustic soda (soap) to renove grease and

rinse with clean water. Gipthe brass mirror inacrocodileclip, attachedto

an electrical |ead, and suspend the brass mirror in the nickel solution. The



mrror may be held in position by wapping the electrical lead (by whichit is
suspended) around a wooden dowel bridging the container.

Suspend a nickel plate inasimlar fashion froma second el ectrical |ead.
We now have an anode (nickel plate), a cathode (brass mirror) and an el ectrol yte
(nickel solution).

Connect the anode to the positive ternminal and the cathode to the negative
terminal of a 6 volt battery, and pass a current through the nickel solution for
15 to 20 minutes. The quality of the final surface will depend primarily on the
quality of theinitial polished surface, prior toelectroplating.

— +

C 114 L

Ni ckel
Anode

Brass . -]

Cat hode

Ni ckel
Electrolyte

(ii) Mrrors may also be made by a very sinple chenical process. Prepare three

sol utions as fol | ows:

. 40 nl H0 I1.10 g NaCH [11. 100 m Concentrated
fructose solution
60 m Concentrated NHj0H 100 m Hy0 (G ucose or any
10 A al dehyde my be
g gNO3 used, although the
reaction may be
sl ower).
Just before using, mx equal volumes of solutions | and Il. Then add the

fructose solution to the newnmxture in the ratio of 1.4 Silver will deposit on
any glass surface in contact with the solution. If a microscope slide is placed in
the solution, it will be coated on two sides. The external appearance will be
dullish. Renove one such coating with a cloth. The glass-silver interface will

be seen as an excellent mrror.



B2. Optical Board and Accessories

(2) Steel Pins
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(1) Optical
Board
a. Materials Required

Conponent s
(1) Optical

(2) Steel

Boar d

Pi ns

(3) Steel Pins with
Sl eeves

(4) Protractor

b. Construction

(1) Optical

Board

(2) Steel Pins

Qu
|

2

2

|tens Required

Har dboard (A)

Steel Rods (B)
Steel Rods (O
Pencils (D)

Al um numSheet

(B)

(3) Steel Pins
with Sleeves

(4) Protractor

Di nensi ons

40 cmx 40 cm x 0.5 cm

7 cmlong, 0.1 cm
di amet er
7 cmlong, 0.1 cm
di amet er

6.5 cmlong

10 cmx 5cmx 0.05 cm

har d-
into which pins can be

This is sinply a piece of
board (A)
readily stuck. Nornally a
plain sheet of paper will be
pl aced on top of the hardboard
to facilitate the recording of
experinental observations. The
Ref raction Model
(M/C3) is such a piece of
har dboar d.

Appar at us

The steel rods (Band C) may be
cut from cycle spokes or sinilar
steel rods. Sharpen one end of

each rod with the help of a file.



(3) Steel Pins with Sleeves

(4) Protractor

I
|

Al um num Sheet (E)

Rermove the pencil lead fromthe
pencils (D) with the help of a
steel pin. Coat the steel pin
(C with epoxy resin, and slide
it into the space originally
occupi ed by the lead, so that,
instead of the pencil lead, a
steel pin protrudes fromthe

end. Cover the sleeve with a

white coat of paint.

Make a protractor by cutting a
sem circul ar piece of netal from
the al um num sheet (E). Mark

as many angles around the peri-
phery of the protractor as
desired.



C.  REFRACTI ONAPPARATUS

C. Optical Prisns and

Lenses©
Il
e e
| /
1 /
A 4
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¥ 4 rd
/// ‘\ // //
el ¥ / 7
(1) Prisns
a. Material s Required
Conponent s Qu Itens Required Di mensi ons
(1) Prisns | Sheet of Acrylic (A 16 cmx 10 cmx 2 cm
b. Construction
(1) Prisns Take the sheet of acrylic' (A
and mark out the shape of the
desired prismwith a sharp
R ‘\ point. Draw a parallel set of
Inner 11y . .
Markings ;! \ \ lines about 0.5 cm outside the
S /// \‘\ | Cutting initia marking. The inner
\ Line mar ki ngs should outline a tri-
angle (3 cmx 3 cmx 3 cnm, a
rectangle (8 cmx 5 cn and a

semicircle (9 cmdianeter).
Triangular Prism

From Reginald F. Melton, Elenentary, Econonmic Experinents in Physics, Apparatus
Guide, (London:. Center for Educational Devel opnent Overseas,

1972), pp 106- 108.
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d ass
Pl ate

Prism

Car bor undum

Paper

Using a fine-toothed saw, care-
fully cut the plastic down to
the outer markings. The cut
produced wi | | have very jagged
edges, the plastic showing a
tendency to chip. This is
normal, and shoul d cause no

concern.

The next step is to renove the
rough edges fromthe prism
reducing its size to that of

For this
purpose place a coarse sheet of

the i nner markings.

Car bor undum paper on top of a
snooth surface (e.g., a strong
gl ass sheet). Then snpboth down
the surfaces of the prism by
rubbing them on the Carborundum

surface.

Repeat the process with succes-
sively finer and finer grades
of Carborundum paper, taking
care at each rubbing to renmove
the deeper nmarks of the previous

r ubbi ng.
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Finally, replace the Carborundum
paper by a sheet of plain paper.
Drop a little metal polish on
the paper, and repeat the

rubbi ng process. The surface
produced will be highly polished.

The rubbing and polishing pro-
cess is repeated with all the
surfaces except that surface
which will normally be in con-
tact with the table top during
experinentation. This surface
is smoothed with Carborundum
paper, but not netal polish,
thus leaving the surface suffi-
ciently rough to scatter light.

c. Notes

(i) Plastic is not as hard as glass, and is therefore nore easily scratched
and damaged. Fromtime to time it is therefore necessary to repolish the surfaces
with netal polish, as described above.
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C2. Screen with Hol der

(1) Screen
~

(2) Hoi der
a. Material s Required
Conponent s Qu Itenms Required Di nensi ons
(1) Screen Car dboard (A) 25 cmx 15 cm
White Paper (B) 25 cmx 15 cm
Bl ack Paper (Q 25 cmx 15 cm
(2) Hol der Wood Bl ock (D) 4 cmx 4 cmx 4 cm

b. Construction

(1) Screen

Steel Band (E)

Appr oxi natel y
8cmx 1l cmx 0.02 cm

Make the screen fromthe stiff
pi ece of cardboard (A). It is
very convenient to have a front
white surface and a rear black
surface. This may be achieved
by sticking appropriate sheets
of paper (B,C) on the two
surfaces.
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(2) Hol der Bend a | ength of packing case
steel (E) as shown and nail it

’ to the side of the wooden

bl ock (D).

/ Strapping (E)

Wod (D)

C. Notes
(i) The white surface of the screen isused for normal inmage formation, while

the bl ack surface i s useful whenever the screen is used as a barrier to exclude

i ght.



C3. Refraction Mdel Apparatus

(4) Ball Bearing

@
(2) Supprts (1) Platform
a. Materials Required
Conponent s Qu ltems Requi r ed
(1) Platform 1 Har dboard (A)
2 H nges (B)
(2) Supports 2 Wod (C)
(3) Ranps 1 Wyod (D)
| Wod (E)
(4) Ball Bearing 1 Bal | Bearing (F)

b. Construction
(1) Platform

Har dboard (A)

Di nensi ons
40 cmx 40 cmx 0.5 cm

Approximately 2 cm
I ong, sidepieces no
more than 0.5 cmwi de

30cmx 4 cmx 2 cm

12 cmx 5cmx 2 cm
12 cmx 3 cmXx 2 cm

2.5 cm di aneter

Cut a7 cmstrip fromone side
of the plywood (A), and shape
the newy cut edges back at an
angl e of 45° as illustrated.
Reattach the 7 cmstrip to the
platformwth very small hinges
(B) avoiding the creation of a
gap between the strip and nain
platform Shape the free edge
of the 7 cmstrip to an angle
of 45°. This shaping insures
good contact between the strip
and the table.

(Al'so see illustration on next

page. )



Side View \/

45°
/Hinge (B)
s G

Det ai |

(2) Supports

(3) Ramp
0.5

C. Not es

Books, or blocks of wood (Q),
may be used to elevate the
platformto different heights
above the table top (e.g., 2 and
4 cn.

Cut two triangular shapes out
of the pieces of wood (D, E).
The hei ght (h) of one triangul ar
shape will be 5 cmand the
other will be 3 cm while both
wi Il have a base 12 cm | ong.

The groove is best cut with the
hel p of a saw

(i) This apparatus is used to denmonstrate the refraction of |ight according to
Newt on's Corpuscul ar Theory. The ball bearing may be rol | ed down the small ranp,

across the top platformand down the ranp,
across the table top and up the ranp.
the ramp fromone [ evel (or nedium to another,

or alternatively down the large ranp,
Ineither case refraction occurs in crossing
and appropriate conparisons nay be

made with the transni ssion of |ight across a boundary (ranmp) fromone nedi um(| evel)

t o anot her.



C4. Filter

m

N\

~—(2) Frane

a. Materials Required

Conponent s Qu
(1) Cellophane 1
(2) Frame 2

b. Construction
(1) Cellophane

Prism

{

Slit

(2) Frame

\
\

(1) Cel I ophane

Itens Required

Cardboard (B)

Red Cel | ophane (A)

Cel | ophane (A)

0.5
{ ~
,I /0.5
. -ﬂ’q—
|
P— I
0.5

1.5

Di nensi ons
10 cmx 3 cm

10 cmx 3 cm

Test different strips of red

cel l ophane (A) for suitability

by noting what parts of a
spectrum can be seen through the
cel | ophane. The cel |l ophane

cutting out alnost all colors
other than red will be nost

sui tabl e.

Cut the two pieces of cardboard
(B) to the shape indicated, and
stick (or clip) asuitable piece
of red cellophane (A) between

the two pieces.
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c. Notes

(i) Filters are very useful not only in studying the way in which different
colors of light superinpose one on the other, but alsofor the creation of nono-
chromatic light. Thisis particularlyinportant in studyinginterference and

diffraction phenomena.
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D. LENS APPARATUS

D. Lens with Hol der ©

(2) Upri ght —___

(1) Base
a. Material s Required
Conponent s Qu Itens Required
(1) Base 1 Wod (A)
(2) Uprights 2 Wod Strips (B)

2 Screws (O

(3) Top Plate 1 Met al Sheet (D)
2 Screws (E)

(4) Lens 1 Magni fying dass (P

© From Reginald F. Melton, El

(3)

Top Plate

W |1 (4) Lens

Di nensi ons

10 cnmx5 cnxl cm

l2cmx2cmx!|l cm
1.5 cmlong

7cmx 1 cmx 0.1 cm

Approxi mat el y
0.7 cmlong

Qui de, (London: Center for Educational Devel opnent Overseas, 1972), pp 120-121.



b. Construction
(1) Base

(2) Uprights

(3) Top Plate

(4) Lens

Make two insets (0.5 cm deep)
in the wood (A) to take the two
uprights (B). Drill a small

hole (0.2 cmdianeter) in the
m ddl e of each inset.

Set the uprights (B) in the
base insets with wood cenent,
insuring a firmjoint by
screwing the very small screws
(C© through the base into the
upright.

Cut the top plate out of

al um numor brass (D). Dill a
smal | hole (0.2 cm dianeter) at
a distance of 1 cmfrom each
end. Attach the top plate to
the uprights with very small
screws (E).

Purchase a suitable magnifying
glass (F) locally. It nmay be
held in any position on the
upright by means of rubber bands.



FROYS

D2. Multiple Slits

(1) Framework

a. Material s Required

Conponent s Qu ltems Required Di mensi ons

(1) Fr amewor k 2 Wod Strips (A 10 cmx 2 cmx 0.5 cm
2 Wod Strips (B) 4cmx2cmxo.5c¢cm

(2) Nails 1 Box of Nails (O 0.2 cm dianeter, nore

than 4 cmlong

b. Construction
(1) Framewor k Make regul ar indentations down
the mddle of the top and

bottomstrips (A of the frame-
wor k, the indentations being
0.4 cmapart. These indenta-
tions can easily be made with

a hamer and nail . The remnai n-
Indentati ons ing two pieces of wood (B) will
serve as sidepieces for the
framework. Do not conplete
construction of the framework
until the nails (C are in place.



(2) Nails

, Cut Here
e

l 7

C. Not es
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Take a handful of nails (C and
cut off the top ends to produce
a uniformset of nails, each

4 cmlong. Tapthenailsinto
the bottomstrip (A), position-
ing themin the indentations.
Then press the upper strip (A
onto the upright nails, using
the indentations on the upper
strip for guidance in position-
ing the nails parallel to one
another. Finally, attach the
si depi eces (B) of the framework
using very snall nails or wood
cenent .

(i) The nultiple slits are used prinarily to break up beanms of light into

nmul tiple pencils of light.

Many al ternative devices coul d be used for the same

purpose, e.g., a hair conb supported by a wooden bl ock.



E. DI FFRACTI ON AND | NTERFERENCE APPARATUS

El . Fixed Single and Double Slits

a. Materials Required

Conponent s
(1) Fixed Slits

b. Construction
(1) Fixed Slits

Qu ltenms Required
1 Exposed Film (A)

Exposed Film (A)

(1) Fixed Slits

Di nensi ons

Appr oxi mat el y
5cmx 3.5 cm

Take an exposed strip of film
(A) (or a slide coated with
col | oi dal graphite) and draw a
straight line across it using
a razor and a straight edge as
a marker. The width of the
slit may be increased, if
desired, by draw ng the razor
over the sane approximte |ine
two or three tines. Do not cut
through the film

A double slit may be nade in an
al nost identical way, Sinply
hold two razors face to face,
and draw theJline across the
filmwith the two razor bl ades
pressed closgly together. The
space between the slits nay be
increased, if desired, by hold-
ing the blades at an angle to
the vertical as the double line
is drawn against the straight
edge.
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c. Notes
(i) I'n making single or double slits it is well worthwhile repeating the pro-
cedure several tines on different parts of the film and then sel ecting the best

slits after testing. .

(ii) Ifthe slits are held in a vertical position close to the eye, and if the
vertical filament of the Light Source (VI/A) at a distance of about three nmeters
is viewed through the slits, interference and diffraction patterns will be
observed even in daylight. The patterns are clarified by the use of the Filter
(VIIC4) placed in front of the slits.
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E2. Adjustable Single Slit

/(1) Adjustable Slit

|\

%\

O

1> O

a. Materials Required

Conponent s Qu | t erns Requir ed Di nensi ons
(1) Adjustable 2 Razor Bl ades (A) -
Slit 1 Metal Strip (B) Appr oxi nately

7cmx2cm

b. Construction
(1) Adjustable Slit Hol d the two razor blades (A)
against the metal strip (B) so
that the edges of the bl ades
are alnost touching and are

parallel to one another.

C. Notes

(i) Iftheditisheldin a vertical position close to the eye, and the
vertical filanment of the Light Source (VI/Al) viewed at a distance of about
three meters, a diffraction pattern may be observed in daylight conditions. The
patternis clarified by the use of the Filter (VI/C4) placed in front of the slit.
The effect on the pattern of changing the slit width may readily be observed.
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E3. Diffraction Holes

o ° °© °
\(]) Metal Strip
a. Mierials Required
Conponent s Qu Itens Required Di mensi ons
(1) Metal Strip | Metal Strip (A 10 cmx 2.5 cmx

0.1 cm

b. Construction
(1) Metal Strip Drill four holes (dianeters
approxi mately 0.1, 0.08, O0.05,
and 0.02 cm in the metal strip
(A) at regular intervals.

C. Notes

(i) Grcular diffraction patterns may be studied with these hol es and the
Li ght Source (VI/Al') placed in such a positionthat the light filament is viewed
through the snall hole inthe lid of the | anp housing, thus acting as a point
source. If this point source is viewed at a distance of about three neters by
| ooking through one of the diffraction holes,when the stripis held closeto
the eye, a diffraction pattern will be seen even in daylight conditions. The
pattern will appear clearer if the Filter (VI/C4) is placed in front of the
diffraction hole.



E4. Interference Strips

P pa
|

(2) Handl e

a. Material s Requi red

Conponent s Qu Itens Required
(1) Metal Strip 1 Metal  Strip

(Copper or Steel)
(2) Handl e 1 Wood

b. Construction
(1) Metal Strip

(2) Handl e

~
L 4

l

Stit

C. Not es

_|
\

(1) Metal Strip

Di nensi ons
14 cmx 1 cmx 0.1 cm

7cmx 1 cmx 1 cm

The metal strip (A may be of
In this
two are specifically

any desired netal.
i nstance,
reconmrended, nanely copper and

steel (from packing case bands).

The handl e i s made fromthe
wood (B). Cut a slit down the
m ddl e of the handle with a
saw. Cement the metal strip
into this inset with epoxy

resin.

(i) Ifthe end of the metal strip is placed in "a hot flame, interference bands

will be produced on the strip.



