APPARATUS

An inexpensivelinear air track

Having anear frictionlessenvironment for dynam-
ics experiments removes one of the obstaclesto
seeing that the laws of physicsreally work. How-
ever, professionally produced linear air tracks are
very expensive, being marketed for between £250
and over £500, but they can easily be made (see
figures1 and 2) for around £35 using plastic down-
pipe, shelving uprights, aluminium corner, some
Lego bricks and card (see partslist at end). The
Lego bricks are very standard items found in
virtually all kits and provide a ‘clip together’
system with a professional-looking finish.

On purchase of the downpipe, check that itisas
straight aspossible. Similarly with thelong shelv-
ing upright—I found that the 1600 mm lengthswere
finebut that the 1980 mm onesweredightly bowed.
A straight and unbowed shelving upright is essen-
tial asitisthiswhichwill maintain the straightness
of thewhole assembly. Saw the downpipeto alength
of 1640 mm and place sticky labelswith 1, 2, 3and
4 respectively onto the corners at each end. Leave
these labelsin place until the whole unit is virtu-
ally complete, asthey will alow you to match other
parts together (figure 3). Now drill two rows of
approximately 1 mm holesaong two adjacent sides
of the downpipe so that they are 1 cm and 2 cm
respectively from their common apex, and spaced
2 cm apart in each row with the rows offset from
each other by 1 cm. A hand-held model-maker’s
electric drill isideal, and making adrilling tem-
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experiments.

Figure?2. Linear air track set up for force, mass
and accel eration experiments.
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Figure 3. Annotated diagram of construction.

Figure4. Drilling holeswith theaid of a template.

plate (figure 4) from aspare piece of downpipe eases
the task considerably. Ensure that all the plastic
swarf iscleaned out—ametre rulewith asticky pad
onitsend run down theinside of the downpipe does
thisjob well.

Place the long shelving upright along the apex
edge opposite to that where the holes have been
drilled and position it centrally so that the down-
pipe overlaps by 2 cm at each end. Mark the posi-
tions of the bolt holesthrough the shelving upright
and drill 5 mm holes at these points through the
downpipe. Now anchor the shelving upright to the
downpipe viathe middle three holes using Spring
Toggle Plasterboard fixings, but with the bolts sup-
plied having been reduced to alength of 2.5 cm.
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Figure5. Making the end caps.

Do not use ordinary nutsand boltsasthey will pull
through the plastic downpipe. To position the tog-
glesprior to bolting, attach each to asticky pad on
the edge at the end of ametrerule. Movethe metre
rulewith thetoggle until you can seethe toggle nut
matched with the downpipe and shelving upright
holes, then screw the bolt home (an assistant is
needed for thispart). To providefor levelling attach
190 mm shelving uprightsthrough the end holesin
asimilar fashion, but such that at one end the upright
sticks out symmetrically sidewaysand at the other
sticksout beyond theend. Drill 6 mm holesthrough
three rubber feet or doorstops and screw the 6 mm
machine boltsthrough them and into the two outer
holes of the sideways support and into the far end
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Figure7. Buffer/catapult.

Figure8. Pulley system.

hole of the end support. These now form the
adjustable feet.

End capsto the downpipe can be made from mor-
tar. First l1abel (1, 2, 3 and 4 asappropriate) and cut
off two 2 cm lengths of downpipe to form moulds.
Clean off any swarf, coat their inner surfaces with
lubricating oil and lay both on aflat impervioussur-
face. In the centre of one of these position the
hosepipe from the air blower/vacuum cleaner and
clamp securely. Mix the mortar cement and pour
into the two mouldsand allow to set (seefigure5).
When set, remove the end caps and hosepipe—it
may be best to saw through the plastic downpipeto
do this—and rub down the outer surfaceswith glass
paper to reduce their size slightly until they slide
fairly easily into the downpipe ends, matching the
1s, 2s, 3s and 4s appropriately. Also enlarge the
hosepipe holedlightly to allow an easier fit. Spread
athinlayer of adhesive sealant on the edgesof each
end cap, fit into place and leave to dry. When dry,
paint the outer ends black, brown or whiteto match
the colour of the downpipe. The labels can now
be removed.
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Figure9. Linear air track vehiclefor collision
experiments.

File grooves centrally on the underside of two
Lego bricks‘A’ (seefigure 6) so that they canfit hor-
izontally on theridge of the air track. These are to
form the bases of the buffers, catapults and pulley
system at the ends of the air track. Roughen about
1.5cmof ridgeat each end of thedownpipeand glue
theseLego bricksinto place. For greater robustness
you may find it useful to drill aholethough the Lego
bricks, the downpipe and into the mortar end cap
and secure these Lego bricks with a screw. The
buffers and catapults are then made by fitting (not
gluing) two Lego bricks ‘B’ to these together with
asmall rubber band (see figure 7). The pulley sys-
temisalso madefromtwo Lego bricks‘B’ but with
3 mm holesdrilled near their ends on their insides
but not completely through. A 2 cm diameter plas-
tic pulley wheel then needsto haveitscentredrilled
out and a ball-race pressed into place. The latter is
thenfitted onto a2.8 cm axlerod fitted between the
Lego bricks (seefigure 8).

Now saw off two 21.4 cm lengths of aluminium
angleto form the bases of two linear air track vehi-
cles. Smooth down any rough edgeswith afile. Saw
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Figure 10. Linear air track vehiclefor force,
mass and accel eration experiments.

vertical dotsof width just greater than 1 mm halfway
along four Lego bricks‘ C" and then saw and chisel
90° dots on the undersides so that they rest on the
apex of the aluminium angle making up the vehi-
cles. Gluethese L ego piecesto the ends of thevehi-
cleswith the slotsfacing inwards. The dotsarefor
mounting thetiming cards. Glue button magnetsto
two Lego bricks ‘D’ such that they have the same
magnetic polesfacing outwards—these arefor mak-
ing elastic collisions. When the glue is set mount
oneof each of these magnetic bricks onto thebricks
on the ends of the vehicles. Mount another Lego
brick ‘D’ on the vehicles other ends—these could
havesmdll blobsof Blu-Tack, or other reusabletacky
putty, attached for inelastic collisions. Cut up four
small polythene bags and tape together so that they
make two ‘ saddles’ with open pouches which can
be placed acrossthetwo vehicles. In these pouches
combinations of 10 g masseswill be placed, being
careful to balance the numberson each side. Cut out
two timings cardsfrom 1 mm plastic sheet or card-
board, 18 cm long by 3 cm overall, but with a
3cmby 5 cmraised sectioninthe centre. Thiscom-
pletesthe construction of the vehiclesfor any colli-
sion experiments. Their overall mass can be made
upto 100 g or 200 g with the addition of 10 g masses
and Blu-Tack. Seefigure9.

For force, massand accel eration experimentsjust
one vehicleisused with Lego bricks ‘D’ removed
and aLego brick ‘E’ mounted on one end. A tim-
ing card 18 cm by 3 cm overall, but with 3 cm by
5 cm raised sections at each end, should now be
made (seefigure 10). Again the overall mass should
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bemade up to 100 g or 200 g with 10 g massesand
Blu-Tack, but note that the Blu-Tack should also
form an accelerating load of from 1 g (approxi-
mately 0.01 N) to 5 g (approximately 0.05 N)
attached to a cotton thread over the pulley.

If you are using an ultrasound position-sensing
device, then cut out acard 8 cm by 5 cm and glue
to another Lego brick ‘D’. This would then be
mounted on the end of avehiclewith the card fac-
ing the end of the air track where the ultrasound
device was transmitting from.

In usethewhole system needsfirst to belevelled,
an air blower attached and light-gates positioned
appropriately. Professional air blowers are expen-
sive but vacuum cleaners providing a‘ blow’ facil-
ity areavailable more cheaply, e.g. Hitachi CV850.

Partslist

« 65 mm square section Marley downpipe
(RPE3)

« 1 mlength aluminium 90° corner 35 mm
x 35mm x 1.5 mm thick

« 1600 mm Spur shelving steel-lok upright
(9016BL)

o 2 x 190 mm Spur shelving steel-lok upright
(8610MB)

« 3 x pan-headed bolts40 mm x 6 mm

« 3 x rubber feet or doorstops

« 5 x Rawlplug Heavyweight Spring Toggle
Plasterboard Fixings (94-369)

o Glue—Rapid Araldite or similar

« Adhesive sealant—Evo-Stik Nail and Seal
or similar

« Lubricating oil

« Sheet 1 mm black plastic card or cardboard

« Lego bricks (seefigure 6)

« 4 x small polythene bags

« 2cmdiameter plastic pulley wheel

« 3mm boreball-race

« 3mm diameter axlerod

« 2 x neodymium button magnets 12 mm
diameter x 4 mm thickness

« Bostik Blu-Tack or other reusable tacky putty

e 2 x rubber bands

« Cotton thread

o Paint

« Mortar cement

« 10 g masses

« air blower/vacuum cleaner with ‘blow’ facility
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Suppliers

IntheUK the DIY itemsareavailablefrom branches
of B& Q; the magnets from Scientific and Chemi-
cal SuppliesLimited and many other science equip-
ment suppliers; and the plastic sheet, pulley wheel,
ball-race and axlerod from W Hobby Limited and
most model shops. W Hobby Limited will also deal
with mail order from abroad. Lego is available
around the world from most toy shops.

W Hobby Limited
Knight'sHill Square

London SE27 OHH, UK
Tel (+44) 020 8761 4244
Website: www.hobby.uk.com/

Scientific and Chemical SuppliesLimited
Carlton House, Livingstone Road
Bilston, West MidlandsWV 14 0QZ, UK
Tel: (+44) 01902 402402

Website: www.scichem.co.uk

Chris A Butlin
Sutton upon Derwent, UK



