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I 1. TIMNG DEVICES

Ti mi ng devi ces have been divided into three groups according to the length of time
i nterval s they woul d nost conveni ently measure. Thi s categorizationis somewhat arbi-
trary, and it follows that sone devices coul d, under certain circunstances, exist in
nor e t han one cat egory. The categories are defined as fol | ows:

A. LONG I NTERVAL Tl MERS

The intervals to be neasured may range froma day (nonth, year) down to an hour or

m nut e.

B. MEDI UMI NTERVAL TI MERS

The interval®to b neasured would range fromm nutes to seconds.

C. SHORT | NTERVAL TI MERS

The interval s to be neasured are subdivi sions of a second.
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A, LONG | NTERVAL TI MERS

Al . Sun D al

(2) Gnomon —— 5

True North

/>
/ t/ \)/ ~———— (1) Base

—
Y

e

a. Materials Required

Conponent s Qu |tensRequired Di nensi ons
(1) Base 1 Wod (A) 16 cmx 16 cmx 2 cm

(2) Gnonon 1 Met al Sheet (B) 10 cmx 8 cmx 0.1 cm

b. Construction
(1) Base

Cut the base fromthe wood (A).
Use a felt pen to nark off the

% surface of the base into four
Z equal portions. Draw a circle
4 (dianeter 7 cm) on the base
é wWithits center at the niddle
é of the base.

74

Ghonon
Posi tion
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(2) Gnomon Make the gnomon from the netal
shee (B). Bend the end of the
sheet at right angles to the
sheet so as to forma base

piece 1 cmwde. Drill two

Qut Avay screw holes in the base piece.
Portion Note the | atitude of your | ocal -
ity (e.g., 39°in Washington,
D.C.) and mark aout right-
angled triangle on the vertical
) portion of-the netal sheet such
.~ Latitude Angle . ]
- that the sloping side of the

triangle is inclined to its

base at an angle equal to the
Screw Holes | atitude angle. Cut off the

Base Piece sheet above the sloping side.
You now have a netal gnonon.
Attach the gnonon to the base

with screws.

C. Notes

(i) The base of the apparatus shoul d be placed on a horizontal surface with the
pl ane of the gnonon in a true North-South plane,thus making the sl oping side of
the gnonon parallel to the Earth's axis. Calibrate the sun dial against a clock,
marking in the positions of the shadowwi th a felt pen or paint.

()i At the North and South Pol es the shadow withl nove throug 15° every hour.
El sewhere the angle rotated per hour wiln be greater tha 15°in the early norning
and | ate evening, andhless tha 15°towards mi dday.

(iii) Since the rotation of the Earth is not exactly 24 hours, the sun will not
appear to be due North (or South, as the case may be) at noon, G eenwi ch Mean Ti ne.
Each month it will therefore be noted that the sun dial deviates further and
further from the conventional time. From5 to 30 minutes deviation will be noted
over a period of one nonth, depending on the season.

(iv) The apparent motion of the sun nay be used in even sinpler (but cruder)
ways to record the passage of time. It is thus possible to note the notion of a
spot of sunlight due to a ray of |ight passing through a hole in a roof, or due to
a ray of light reflected froma nmirror placed by a w ndow. The distance moved by
the sunspot in successive intervals of time on the same day will be noted to be
surprisingly regular. (See sketches on next page.)
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Sunspot

Mrror




A2. Water O ock

(4) Pointer System

AN
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(5) Scale 3 min

\\

@% |

N\

(2) Lower
Reservoir

\ (1) Upper

Reservoir

(3) Platform

a. Material s Required

Conponent s
(1) Upper Reservoir

(2) Lower Reservoir

(3) Platform

(4) Pointer System

Itens Required

Can (A
Can (B)

Pl ywod (O
Wod (D)

Woden Dowé (E)
Wood Strip (F)
Nai | (G

Washers (H)
Wod (1)
Strign (J)
Eye Screw (K)

D nensi ons

1 liter capacity

1 liter capacity
50 cmx 15 cmx 1.0
cm

20 cmx 3 cmx 3 cm
Bcmlong, 2.5 cm
di anet er

35cmx 0.6 cmx 0.4
cm

0.2 cm di aneter,
4 cmlong

4cmx4dcmx| cm
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(5) Scale 1 Pl ywod (L)
1 Wod (M
1 White Paper (N)

b. Construction

(1) Upper Reservoir

(2) Lower Reservoir

(3) Platform

Hole Plywod (0

Legs (D

40 ecm x 30 cm x 0.5 cm
30cmx3 cmx3an
30 cm x 40 cm

Take th tincan (A and drill
asnmall hole (0.1 cmdianeter
for exanple) in the mddle of
t he base.

The bi gger the can, and the
smal l er the hole, the greater
will be the period of tine for
whi ch the clock will run. This
may be checked now by filling
the can with water, and noting
the time for it to drain.

If youw sh to neasure smal |
intervals of time, you may

i ncrease t he nunber of hol es
in the base of the can.

Use can (B) which shoul d be of
the sane size as, or larger
than, the can used for the
upper reservoir.

Take pl ywood (C) to make the

pl atform bal ancing this onthe
three keg (D which should be
sufficiently long to permt the
| ower reservoir to be noved under
the platform without difficulty.
Drill a hole (1 cmdianeter) in
one end of the platform Place
t he upper reservoir over the
hole in the platformand t he

| ower reservoir underneathit so
that water can run fromthe

upper to lower reservoir.



(4) Pointer System

Upper
Notch
Hole — |
8 1
(]Ef% ; TN

N~ e
0.8 7\COunterbaﬂance-fP1vot Hole

Hole

Pointer (F)

~

Washers (H)

X—_ Nail (G)

—— —— Support (E)

«—— Can (A) Wl

@e— Count er bal amc ()

Make a support froma wooden
dowe (E) as indicated. Cut a

| ower notch in the support to
enable it to sit on the side of
the upper reservoir (A). Make
an upper notch to pernit the
full novenent of the pointer (E)
to be attached. Drill a hole
(0.2 cm dianeter) horizontally
through the upper part of the
support to permit passage of
the nai (G to serve as the
pivot for the lever

Make the pointer froma strip

= of wood, (F). Drill a small

hole (0.3 cmdi ameter) at one

end of the pointer to take the
string (J) from the counter-

bal ance, and 8 cm away fromthis
hole drill a second hole (0.3 cm
diameter), close to the top
surface of the pointer, through
which the nail (G is to be put

as a pivot.

Bal ance t he poi nter on the newy
made support by inserting the

nail (G through the appropriate
holes in the support and pointer.
Washers (H shoul d be pl aced
either side of the pointer to
serve as spacers. These prevent
unwant ed noti on of the pointer

on the pivot. The pivot may be
fixed permanently in positionin
the support with thehel pof
epoxy resin, since the pointer

can nove about the fixed axle on
its own pivot hole
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Take the small block of wood (1),
and attach it to the pointer by
neans of thegtrin (J) and a
screw (K) attached to the top of
t he bl ock.

(5) Scale Attach a sheet of dl ywoo (L)
to the block af woo (M
intended to hold the plywod in
a vertical position. Sit the
new y nade scal e on the platform
just behind the end of the
pointer, sufficiently close to
«— | — Pl ywood (L) avoi d parallax problens in
recordi ng the novenent of the
pointer. Screw the base bl ock
(M of the scale onto the plat-
Base Bl ock (M form Use a white sheet of
paper (N) attached to the sur-
face of the plywood with

t hunbtacks to actually record a
/ time scale.

Adjust the length of string (J)
on t he counterbal ance so that

when the upper reservoir is
full of water the pointer wll
be set towards the bottom edge
of the scale.

C. Not es

(i) The counterbal ance shoul d be wet all over prior to use so that it does not
tend to sink deeper into the water as it is used.

(ii) The water clock may be calibrated agai nst a watch. The scal e produced wil |
not be linear since the water pressure over the hole in the base of the upper
reservoir decreases as the water |evel drops. The initial rate of fall of water
level is therefore greater than the final rate.

(iii) The clock will be found to be surprisingly reliable, observations being
quite repeatable.



S
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(iv) Using an upper reservoir of 1.3 liters, a depth of 19 cmand a base hole
0.15 cmdianmeter, a five-mnute scal e was very conveniently created. Wen the
nunber of holes in the base was doubl ed the pointer traversed the scale in half
the tine (2 @in 3 sec),and when the nunber of holes was increased to three the
pointer traversed the scale in one third of the original time (i.e., in1mnmn 40
sec).
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B. MEDI UMI NTERVAL Tl MERS

Bl . Pul se

O
D)
~ (1) Pul se

a. Material s Required

Conponent s Qi Itens Required Di nensi ons

(1) Pulses - o - -
b. Construction

(1) Pulse Place two fingers fromthe left

hand over the pulse on the right
wist. The pulse beat can
easily be detected.
C. Not es
(i) The pul se beat may be cal i brated agai nst that of other individuals and
agai nst other tining devices. Under normal conditions it remins surprisingly

constant, but its rate varies according to the degree of exertion to which the
individual is currently subjected.

(ii) It is useful to note that if the pulse in the neck, just below the angle
of thejaw, is nonitored with one hand, the other hand is left free for other
functions.



B2. Si npl e Pendul um
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L1

a. Materials Required

Conponent s
(1) String

(2) Mass
(3) Support

b. Construction
(1) String

(2) Mass

(3) Support

/

v (2—; Mass

Qi lItens Required

1
1

10
2

String (A
Paper dip (B)

Washers (Q

Nai & (D)

> (3) Support

(1) String

Di nensi ons

1 nmeter long

3 cmlong

Take the length of string (A,
and attach a hook [ made fromthe
paper clip (B)] to one end.

Suspend waster (C fromthe
hook to serve as a vari abl e

mass.

Drive two nails (D) into the side
of atable, or intoawall, so
that the nails are at the sane

hei ght above the ground. Wap
the desired I ength of string

two or three tines around one

nail, and fasten the spare

l ength of string to the other

nail. This should insure that



-51-

the stringis pivotedrigidly
at the first nail.

C. Not es

(i) If the length of the pendulum fromthe support to the center of gravity of
of the mass, is adjustedt 25 cm(or nore accurately to 24.8 cm the pendul um
will oscillate with a period of one second.



B3. O assroom O ock *

(1) Pendulum —mm8 ———»

Rod

B U N

a. Materials Required

Conponent s
(1) Pendul um Rod

(2) Mass
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Qu Itenms Required
1 Broom Handl e (A)

1 Metal Tube (B)

1 Nai | (C)
2 wod (D)
2 wod (E)
1 Wod (F)
1 Nai | (G)

Bricks, Rocks, etc. (H)

3) Support

Di nensi ons

120 cmlong, 2.5 cm
di anet er

2.5 cmlong, 1 cm
external dianeter;
approximately 0.7 cm
internal dianeter

15 cmlong, 0.5 cm

di anet er

2 cnmx 6 cmx 0.5 cm
30 cmx 6 cmx 0.5 ¢cm
31 emx 22 cmx 0.5 cm

10 cm long, 0.5 cm
di aret er

*Adapted from Nuffield Foundation, _Quide to Experiments |, Physics, (London:
Longmans/Penguin, 1967), pp 79431.
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(3) Support 2 Tables (1) -
2 Stod (J) -

b. Construction

(1) Pendul um Rod Make t he pendul umrod out of
the broomhandle (A). Drill
six holes (0.6 cmdianeter) in

one end of the rod at 4 cm

I '\I/ 115

intervals. Drill another hole
(1 cmdianeter) 1.5 cmfromthe
other end of the rod. Line this
with a short length of netal
tubing (B) to reduce friction

at the pivot, and insert along
nail (C) through the tube.

Construct a wooden tray to hold
the masses. Use one peec (F)
for the base. Nail the four

ot her pieces (D E) to the base
as shown. Drill a hole (2.7 cm
di aneter) in the mddle of the
tray base (F), and slide the
tray onto the pendul umrod by
way of this hole. Insert the
strong nail (G through one of

the six holes in the end of the
rod to hold the tray in posi-
tion. The bricks orsrock (H
may be placed n the tray tO0

serve as appropriate masses.
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Place two tables (1) fairly
and sit the

(3) Support
cl ose toget her,
stools (J) on top of both

(J) tables, sufficiently close to

one anot her so that the pendul um

St odd
may be supported by neans of its

pivot nail resting between the
tops of the stools. The nail
(G nust be held firmy in
position on top of the stools
hand, clanps, or any device

which will hold it firnmy.

[ Y

———— Tables (1)

C. Notes
(i) Wth the length (L) of the pendulumfrompivot to tray bottomfixed at

103.5 cmthe period (T) of the pendulum was noted to be two seconds.

Mass = 7,000g
L T
(cm (sec)
97.0 1.94
101.0 l.98
105.0 2.02
109.0 2.05
113.0 2.09
117.0 2.12

(ii) Theinitial displacenment of the pendul ummass has negligible effect onthe
Keepi ng the |l ength of the pendul umfixed at 105 cmand t he mass const ant
(T) and initial

period.

at 7,000 g the following correlation of peria di spt acenen (D)

was recorded.

D T
(cm) (sec)
5 1.99
10 2.01
15 2.00
20 2.00
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(iii) The period of the swingis virtually unaffected by variation of the mass.
Hence, keeping the pendul umlength constant at 105 cm the mass (M in the pendul um
tray was vari ed by increasing the nunber of bricks. The fol | owi ng observations of
the period (T) were recorded.

M T
(g) (sec)
1500 2,00
3250 2.00
5000 2,00
7000 2.01

(iv) The major effect of increasing the mass (M of the bricks carried by the
pendul umis to reduce the danping effect on the oscillations. Wth the | ength of
the pendulumfixed at 105 cm the pendul umnass was di spl aced a fixed di stance
(10 cm) and t he nunber of oscillations (N) recorded as the displacenent fell from
10to 5cm The following results were obtained

M N
(g) Damping Effect
0 51.0 High
1500 95.5 Moderate
3250 97.8 Moderate
5000 28.2 Moderate
7000 131,56 Low

(v)fl this timng deviceis to be used by alarge class, it mght be useful to
modify it slightly to make the counting of oscillations possible w thout continuous
visual observation. It is suggested that a metal container night be attached to
the top of the pendulumrod, and a 2.5 cmbal | bearing allowed to roll freely in
the container, sothat aclick will occur twice per oscillation as the ball bearing
hits the ends of the can.

Can-————e>/

Ball Bearing
(inside can)



-56-

C.__ SHOR TINTERVAL TI MERS

©
Cl. Ticker Tape Ti ner
(1) Vibrator
Uni t
(2) Vvertical /
Support /

/ oy

(3)Base / D \

(4) Platform

a. Materials Required

Conponent s Q Itens Required Di nensi ons
(1) Vibrator 1 Househol d El ectric Bell
(2) Vertical 1 Wod (B) 7cmx5cmx2cm
(3) Base 1 Wod (C 16cmx6cmx2cm
2 Screw (D) 3 cmlong
(4) Platform 1 Wood (E) 6cmx5cmx2cm
2 Al um num Shest  (F) 6 cx 5cmx 0.05 cm
1 Car bon Pape (0 4cmx4cm
5 Thunbt acls (H -

© From Regi nalE Melton, El ementary, Economi ¢ Experinents in Physics, Apparatus
@uide,n d o n: Center for Educational Devel opnent Overseas 1972), pp 12-14.
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b. Construction
(1) Vibrator Unit

Base of Electric Bell

e

s AN

\
\ \Bell

Vibrator Unit

(2) Vertical Support

(3) Base
Hol es for Screws
! & 'K 1
; © o4
R /‘ _____ ; .
- - I Cent er
{ Li ne
1
I
LN\
Space for Space for
Vertical Support Pl atform

Top View
of Base (C)

Take t he househol d el ectric bell
(A), and renove the vi brator

(The bell
this instance was designed to

unit. utilized in

operate normally at 10 volts.)

Use the piece of wood (B) to
serve as the vertical support,
and attach the vibrator unit to

it with screws.

Use the wood @iec (Q as the

base. Place the vertical
support on the base in such a
position that the vibrator arm
will be parallel to, and
directly above, the line bi-
secting the length of the base.
Mark in the position of the
and then drill

appropriate holes in the base so

support, t wo

as to facilitate the attachnent
of the support with the screws

(D).
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(4) Platform
Gui des

Ticker Tape

— _
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(H
Carbon Paper (G

——— Wood (E)

Zr~— 2

Aluminum (F)

Vibrator Arm

—

Si de View

Attach the al um num si depi eces
(F) to wood (E) with nails to
makea platform Then with the
platformin position on the
base, bend the sidepieces at the
bottom to hold the platform
firmy in contact with the base.
(A loosely fitting platform

will result in a poor track
bei ng recorded on the ticker

tape.)

Cut a circular disc out of the
carbon paper (G
it may pivot
freely about a thimbtac (H in
the center of the platform

Pin four more thunstack (H in
the platformto serve as guides

and pierce the
center so that

for the ticker tape, which mnust
pass under the carbon disc.
There must be negligible
friction between the guides and

ticker tape.

Bend the vibrator arm downwards
so thateth
0.3 or 0.4 cmof the platform

endpieceis within

sur f ace.

C. Notes

(i) Two dry cells in series will generally operate the tiner, even though the
bell is designed for operation on a 10 volt supply.

()i Ifticker tape is difficult to obtain, cashiers' paper rolls (for cash
registers) are generally available, and may be cut into strips of suitable w dth,

so long as care is taken to obtain smoth straight edges.
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(i)i Ifthe ticker tape fromthe vibrating tiner is attached to a moving obj ect,
the motion of the object will be recorded on the ticker tape. It is thus possible

to determine the di stance noved by t he object during specific tineintervals. This
is the basis of a wide range of experiments to determine the relationship between
force and notion.



