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[11. CARTS

A FORCE AND MOTI ON CARTS

The carts described inthis section are presented in increasing order of
sophi stication, ranging fromthe sinplest cart which can only be used for qualitative
observation to the nore sophisticated carts which can be used for quantitative
experinmentation of the relationship between force, nass and accel eration.
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A FORCE AND MOTI ON CARTS

Al . Elementary Cart *

(4) Spring

(Removable) —
) Bal | oon Support

( Renovabl e)
% (2) Vheel
o (1) Body
a. MaterialsRequired
Conponent s Qu ltems Required Di mensi ons
(1) Body 1 Cardboard Sheet (A) 15 cmx 14 cm
(2) Weels 2 Woden Spool s (B) Di aneter of spool ends
approxi mately 4 cm
2 Coat Hanger Wre (Q 8cmlong, 0.2 cm
di amet er
1 Drinking Straw (D) --
(3) Bal | oon Support 1 Car dboard Sheet (E) 4 cmx 7 cm
1 Bal | oon (F) T
(4) Spring 1 Packi ng Case Band (G 11 cm | ong, approxi-
mately 1.2 cm wi de
1 Washer (H Approximately 17 g

*Adapted fromN ck Oddo and Edward Carini, ExploringMtion, An Exploring Science
Book, (USA: Holt, Rinehart and Wnston Inc., 1964), pp 24-27.
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b. Construction

(1) Body

——
N-I-:n'-‘*

k2 13 2

Cardboard (A)

(2) Weels

Straw (D)
Cart Body

—

7

Car t Body Straw (D)

Cross Section

Draw dotted | i nes on the piece

of sturdy cardboard (A) and

make four slits and four axle
holes as illustrated inthe
diagram Fold the cardboard
along the dotted lines to nake

a box, fastening the free sides
toget her with the hel p of

adhesi ve tape.

Cut four equal sections (each
lcmlong) froma standard
drinking straw (D). Place each
section into an axle hole in
the body of the cart, and glue
firmy in position. The straw
sections act as bearings for

the axles as well as spacers
between the wheel s and the body
of the cart.
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Spool (8)

Wheel

New /\ |
— Wood Putty i

=) y in

Hole b @ 4 Original Hole

\Weel

Axle (C)

«—— Cart Body

Straw (D)

+—— Wheel

Cut the four wheels fromthe
ends of the two wooden spool s
(B). Fill the spool holes (0.5
cmdiameter) with wood putty
and allow the putty to dry hard.

Cut two lengths of wire (Q
from wire coat hangers to serve
as axles for the cart.

Dri1l holes, slightly less ‘than
0.2 cm in diameter, through

the exact center of each wheel,
and put alittle epoxy resinin
the hol es.

Tap the end of one axle into one
of these hol es, checking care-
fully toinsure that the axle

is at right angles (90") to the
wheel , thus avoi di ng subsequent
wheel wobbl e.

Insert the axl e through t he body
of the cart, and attach a second
wheel by the sane process. Re-
peat the procedure with the
remai ning two wheels and axle,
thus providing the cart with
front and rear wheels.



(3) Bal | oon Support

L
[ 4

2.5

|

Car dboard (B

(4) Spring

7\

2

K 100

8 -Spring

VWasher (H)
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Cut the strong cardboard (E to
a "T' shape as shown. Make a
hol e (diameter 1 cn) in the
center of the top portion.

I nsert the support through the
pair of slits closest to the
end of the cart body. Use a
rubber bal l oon (F) to provide
acceleration for the cart [see
Note (i)].

Cut the packing case band (G

as indicated to make the spring.
To facilitate the throw ng of

the washers (H by the spring,
bend the top end of the packing
case band at an angle. Insert
the spring through the remain-
ing slits in the cart.
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c. Not es

(i) Spherical balloons, as opposed to sausage-shaped ones, may be held in the

bal | oon support (so long as the spring is renoved), and are capabl e of accel erating

Good
Position

Bad _
Position

the cart by the expul sion of
air. The cart will be acceler-
ated nost efficiently if the
open end of the balloon is held
insuch away as to prevent it
flopping fromside to sidewith
resul tant di ssipation of energy
in all directions.

Not only does the cart notion
illustrate action and reaction,
but it also denpnstrates

accel erated notion due to a force. Once the balloonis defl ated t he accel erati on

ceases and the cart decelerates to a stop

(ii) Take a length of strong thread (say 15 cmlong), and tie the top end of the
spring to the end of the cart in such a way that the top end of the springis

al nost horizontal. Place a washer on the top end of the spring. Ifa burning

Was her

match is applied to the thread, the spring will be rel eased and ej ect the washer

forward, while the cart will be propelled backwards, thus offering another denon-

stration of action and reaction
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©
A2. Lightwei ght Cart

(6) Wheel system

(5) Chassis

(2) spring
Devi ce
(3) Spring Rel ease

System

(4) Ticker Tape

Bracket
a. Materials Required
Conponent s Qu Itens Required Di mensi ons
(1) Body 1 Wod (A) 15cmx 6 cmx 5 ¢cm
(2) Spring Device 1 Steel Wre (B 80 cmlong, 0.09 cm
di amet er
1 Wod Dowel (C) 10 cmlong, 1.2 cm
di anet er
1 Rubber St opper (D) Approximately 2.5 cm
diameter, and 1.5 cm
I ong
1 Screw (E) lcmlong
(3) Spring Rel ease 1 Metal Plate (F) 6 cmx 1.5 cmx 0.05
System cm

© FromReginald F. Melton, El ementary, Economic Experiments in Physics, Apparatus
Gui de, (London: Center for Educational Devel opnent Overseas, 1972), pp 39-46.
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2 Screws (G
Wod Dowel

1 Steel Wre (1)

(4) Ticker Tape 1
Bracket

Al um num Sheet

2 Bolts (K)

2 Wng Nuts (L)

(5) Chassis 2

Packing Case Steel

Bands (M

(6) Wheel System

N

2 Coat Hanger Wre (0)

[EY

b. Construction
(1) Body

58

INEEE

1.5 Hol es for
Masses

(2) Spring Device

Wooden Spools (N

Maski ng Tape (P)
Washers (Q

1.5 cmlong

3.5 cmlong, 0.8 cm
di amet er

#30, 3.5 cmlong
15 cmx 1.2 cmx 0.05
cm

0.2 cmdianeter, 2 cm
| ong

0.2 cminternal
di amet er

Approxi mately 15 cmx
1.5 cmx 0.02 cm

Approximately 4 cm
di amet er

10 cmlong, 0.2 cm
di anet er

1 cmwde

Bore a hole fromthe center of
one end of wood (A) to the
center of the other end, in
order to accommodate a spring
device. The dianeter of the
hole (1.5 cnm) should be
slightly larger than that of
the spring (1.2 cm.

Bore holes into the top surface
of the wood (A) to acconodate
si x masses (see I/Q), nanely

one 100 g mass (dianmeter 2.5 cnm,
four 200 g masses (dianeter

2.5 c¢cm and one 500 g mass
(diameter 4.0 cn). The hol es
shoul d not be so deep as to cut
into the horizontal hole for

the spring.

Wnd about 60 cm of the steel
wire (B) into an open spring
approximately 8.5 cm | ong,
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Spi ke

|

(I]}L

Rubber
St opper (D)

o

L]

Spring Loop
Wooden
Rod (C)

Screw (E)

Wi

Y

Rubber
St opper (D

Wboden
Rod (O

/ | F3.54

Spring

Cross Section
(Si de view)

1.2 cmin dianeter, and with
about 0.5 cm separation between
each turn. (A method of w nding
the spring is described under
[/ C4).

of the spring into a spike and

Strai ghten out one end

the other to a horizontal | oop.

Attach the spring of one end of
the wooden rod (C
the spike and epoxy resin.

Attach t he rubber stopper (D
to the other end of the rod.

by neans of

Bore a hole into the bottom of
the cart body so that it neets
the bore hole for the spring
3.5 cmfromthe end of the body.
Then insert the screw (B to
anchor the loop end of the
spring.

Ideally, two or three alterna-
tive springs of varying thick-
ness and | ength should be nmade
for trial purposes. The
ultimate spring selected will

be such that if two identical
carts (one carrying three times
its own weight) are placed end
to end, and the spring device
on one cart is then rel eased,
both carts will nmove apart a

sufficient distance at uniform
velocity to enable a nmeasure
of their initial separation

velocities to be recorded.
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(3) Spring Rel ease System

Metal Plate (P
) Cart Body (A)

screw (G)—+9

Hole for
Spring
Rubber
St opper (D
/ Wooden
Not ch Rod (O
Hol e for
Rel ease Rod
\\
N \
Metal \V
Plate (F)

Hole for
Spring \

Cart Body (A

Fasten the netal plate (F)
(brass, steel, etc.) onto the
front of the cart with two
screws (G so as to just overlap
the top of the hole for the
spring.

File a small notch around the
wooden rod (C) on the spring
device, close to the stopper.

It is thus possible to conpress
the spring into the hole, and
hold it in position by means

of the notch and netal plate.

Bore a vertical hole (diameter
0.5 cm into the top of the
cart, near the front end, so
that it neets the horizontal
bore hole for the spring. The
smal | wooden rod (H (rel ease
rod) inserted into this hole,
and pressed against the hori-
zontal rod of the spring device
itself, will release the spring
fromits state of conpression.
(The need to have the dianeter
of the spring bore hole slightly
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\ , W
% //////‘//

Cross Section

S

“— Wood Dowel (H)

Q_P-Steel Wre (1)
!

0.3
Rel ease Rod

-—
~ I

,.__.

(4) Ticker Tape Bracket

15

N3

—
[—

f |
f— 4.3—f—2.8p—4.3—41

Sheet Metal (J)

—r—y
-—
X

greater than that of the spring
and attached rod should now be
clear, for it is an essential
requirement if the spring is to
be rel eased).

Cut the wood dowel (H to the
dimensions illustrated. The

rod shoul d be capabl e of noving
freely in its bore hole, but at
the same time it should not be
so loose that it is easily lost.
To prevent losing it, thread a
thin piece of steel wire (I)
through the rod so that it acts
as a spring contact between the
sides of the rod and the bore
hol e.

Cut the ticker tape bracket from
the sheet of netal (J) (brass,

al um num whi ch shoul d be rea-
sonably rigid, Make slits

0.5 (0.1 cmwi de) near the end to

;ll
0 1—Ti—

0.7 take the ticker tape, and slots
(0.35 cm wide) along the bottom
to enable the bracket to be
attached to the bolts (K) at the
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Ti cker Tape Bracket

Cart Body (A)  Wng Nut (L)

Ti mer C anped To t
Edge of Table
Mut ual Repul sion

Cart \\\\

Ti mer C anped To
Edge of Plane
On Inclined Plane

(5) Chassis
Cart Body (A)
//
o [ Q € y C
St eel Band
Si de View (M

rear of the cart. Wng nuts
(L) should be used to fasten

the bracket in position.

The purpose of the bracket is
toinsure that ticker tape
attached to the cart is in
line with the guides of the
timer during any experinent,
thus reducing friction. Two
typical exanples areillustrated
when carts are nutual ly re-

pul sed fromone anot her, and
when a single cart runs down
an inclined plane.

Drill two horizontal holes (0.5
cmin diameter) through the cart
body to permt passage of the
front and rear axles. Mke
these holes 1.0 cm from each
edge of the cart body (A). Cut
the chassis from netal packing
case bands (M. Drill five

hol es along the length of the
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Axl e (0)

\Wheel

Zil

(A

Cross Section

-

-

(6) Wheel System

)\ Cut Here .
j

m———

spool (N) !
Wheel
New /@:\ Wod Putty in
Hol e Original Hole

Weel

Cart

< “" Body (A)

strip, two (diameter 0.3 cn to
coincide with the centers of
the axl e holes and three to
enabl e the strip to be attached
firmy to the body with screws.

The axles of the cart will in
fact pivot in the chassis hol es
and not on the wooden hol es

Chassis (M through the cart, thus reducing

friction.

Cut the four wheels fromthe
ends of two wooden spools (N.
Fill the spool holes w th wood
putty and allowthe putty to
dry hard.

Cut two lengths of wire (0)
fromwi re coat hangers to serve
as axles for the cart. Drill

hol es, slightly less than 0.2 cm
indianeter, through the exact
center of each wheel, and put a
little epoxy resin in the holes.
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Tape (P

Axle (0)°

-Cart Body (A)

AAMRMERNAN

/Chass1s (M)

+«—-Wheel

Cross Section

Tap the end of one axle (0) into
one of these holes, checking
carefully to insure that the
axle is at right angles to the
wheel (thus avoi di ng subsequent
wheel wobbl e).

Insert the axle through the body
of the cart, and attach a second
wheel by the same process.

Repeat the procedure with the
remai ni ng two wheel s and axl e,
thus providing the cart with
front and rear wheels.

Make smal | spacers for all four
wheel s fromnaski ng tape (P), in
each case wapping it around
the axl e (nexttothe wheel)
until it produces a cylindrical
spacer 1cmlong and 0.5 cmin
di anet er .

Alittle soap applied to each
axle will serve as a | ubricant
bet ween t he axl e and chassi s
contact points.

Itis convenient to adjust the
mass of the conpleted cart to
the nearest 100 g. This may be
done by shavi ng wood off the top
or bottomsurface of the body of
the cart, or by addi ng washers
to the body of the cart. In
this casehol es were drilled in
the bottomof the cart, and
washers (Q fixed in the holes
with screws. In this way the
mass of the cart was adjusted to
400 g.
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c. Notes

(i) This cart will inevitably be affected by friction nore than a cart nade
with ball bearing wheels (I11/A3). However, a full range of force and notion
experiments may be perforned with the cart if aninclined planeis usedto com
pensate for friction affectingthe cart. Simply adj ust the inclination of the
pl ane prior to any experinent so that the cart runs down the plane wi th constant
velocity, the sl ope of the plane just conpensating for the effect of friction.
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(2) spring
Devi ce

a. Material s Required

Conponent s
(1) Body

(2) Spring Device

(3) Spring Rel ease
System

(4) Weel System

(5) Bunpers

(3) Spring Rel ease
System

Itens Required

Wod (A)
Pl ywood (B)

Wooden Dowel (Q

Rol | of Steel Wre (D
Rubber Stopper (E)

Screw (F)

Al um num Sheet (G
Bolt (H

Nuts (1)

Wooden Strip (J)

Bal | Bearing Weels (K

Wooden Dowel (L)

Nails (M

wWod (N

Di mensi ons

30 cmx 8 cmx 4 cm
30 cmx 8 cmx 0.5 cm
16 cmlong, 1.2 cm
di anet er

0.09 cmdi aret er

Approxi mately 2.5 cm
di amet er

4 cmlong, 0.2 cm
di amet er

8cmx 3 cmx 0.05cm

3 cmlong, 0.3 cm
di anet er

0.3 cminternal
di anet er

8cmx 2cmx 0.5 cm

Appr oxi mat el y
5 cmdi anet er

22 cmlong, 0.5 cm
di armet er

Approximately 2 cm |ong

12 cmx 2 cmx 2 cm
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b. Construction
(1) Body

Top (B) IIIIIIIIIIIIIIII
1.5
\ ,‘://
LN

Front

b~g & Body (A)
Rear
(2) Spring Device
Rubber ‘Wooden Screw (F)

Stopper (E) Rod (c)

Body (A)  Spring

Cross Section

Cut the body of the cart from
the pi ece of wood (A). Drill
hori zontal holes (diameter D.5
cm close to the front and rear
of the cart to hold the axles
of the wheel system

Using a saw and chisel, cut a
hori zontal slot in the top sur-
face of the cart to contain the
spring device, and a vertical
slot in the rear of the cart to
acconmodat e the rear wheel

Use the piece of plywod (B) to
make a top plate for the cart,
and nail it onto the main body.

Make the spring device accord-
ing to the instructions given
for the previous cart (I11/A2),
but according to the dinensions

i ndi cated here. The spring,

made fromthe steel wire (D),
should be 1.2 cmin diameter and
16 cmlong (excluding the

spi ke and | oop nade on the end
Nai | the rubber
stopper (E) onto the end of the

of the spring).

wooden rod (Q, and neke a notch
(0.2 cm deep) around the rod
about 0.5 cmfromthe end

Pl ace the spring device in the
appropriate slot in the cart,
and anchor it in position by
nmeans of the screw (F) inserted
through the top plate of the
cart in such a way as to pass
through the loop on the end of
the spring



-77-

(3) Spring Rel ease System
Wooden
Nuts (1) Rod (C)
Wood (J) Bolt (H)
. Top (B)
pd
\ I g
AN
Y
\ 1
Rubber Met al Body (A)
St opper (E) Strip (G

Met al

Cross Section

Strip (G Spring Sl ot

(4) Vheel

System

Bend t he sheet of al unminum (G
into an "L" shape (8 cmwi de,
2cmtall, with a base of 1cnm.
Attach the sheet to the front of
the cart so that the base of the
sheet just overlaps the slot for
the spring device. Inthisway
the spring may be conpressed and
held i n position by neans of the
metal sheet and the notch in the
rod.

Use the bolt (H) and two appro-
priate nuts (I)to serve asa
rel easi ng device, and bore a

hol e through the netal sheet and
top plate of the cart, 1 cmfrom
the front, so as to expose the
rod of the spring device.

The di aneter of the hol e should
be I'arge enough to admt the
head of the selected bolt.

Drill a hole through the mddle
of the wood strip (J).The
diameter of the hole should be
just large enough to adnit the
bolt (H), but not the head of
the bolt. Place the bolt through
the strip with the bolt head
beneath the strip, such that it
sits in the newy drilled hole
in the body of the cart. Nail
the strip in position on the
front of the cart, and add the
two |ocking nuts (I)to the end
of the bolt.

Three ball bearing wheels (K
will have to be purchased
(possibly inported) for this
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g | I | | DY T

Front
Wheel (K)
Rear
'/ Vheel (K)
o / Axl e
[ B 1= 2= hai1 (v
Top Vi ew
(5) Bunpers

Bunper s

5.5 —] —5.5 —

o Q
] TN
'
e o
N

Si de View

cart. Cut two axles fromthe
wooden dowel (L). Make the
front axle 13 cm and rear 9 cm
long (both 0.5 cmin dianmeter in
this instance). The dianeter of
the dowel should be the same as
the internal dianeter of the
bal | bearing wheels, thus pro-
viding a tight fit.

Pass the axles through the axle
holes in the cart and fit the
wheel s appropriately on the
axles. Take the four small
nails (M, and drill holes of
the same diameter as the nails
through the axle ends. Insert
the nails through the holes,
thus securing the axles and
wheel s in position.

Use the two strips of wood (N
as bunpers. Nail themin posi-
tion on top of the cart in such
a way that they will hold a
second cart (placed on top of
the first) firmy in position.
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c. Notes
(i) The final weight of the cart will be of the order of 1,000 g. Wth ball

bearing wheels this will not produce too nuch friction, whileit will result in
the moving cart having hi gh monentum and the cart will be little affected by what
friction does exist.

(ii) Awhole range of experinents related to force and notion will be found in
many | aboratory books, for exanpl e The Physical Science Study Committee, Labora-
tory Guide, (USA: D. C. Heath and Conpany, 1965).



