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Cover Story
Our cover picture shows Hazel Pennack driving her father's LNER B1
as it climbs towards the long tunnel during the busy May running day.
The running season has gotten off to a good start this year with enough
passengers to keep us busy and enough operating challenges to keep it
interesting.
In April we carried 730 passengers which included passengers from
another successful birthday party booking. The weather threatened
once or twice we escaped getting wet.
During the day it was discovered that we had two places where
derailments were occurring, although only certain trains appeared to be
affected.
At the end of the day a member who had just turned 40 was presented
with a 'surprise' birthday cake. To save embarrassment he shall remain
nameless, although he might be identifiable from the photo below. This
year he will also be celebrating 25 years membership of IDSME.
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The May running day was expected to be quiet as people would be away
for the bank holiday weekend. Not a bit of it. We had our busiest day for
13 years, with 1,269 passengers. All these were carried with very few
engines and less staff than usual so well done everyone. There were also
sales of over £90 by Peter and Val in aid of the President's charity.
The weather forecast for the June running day was atrocious, with
weather warnings being issued by the Met Office. Indeed there was very
heavy rain in the morning but this stopped about 11 o' clock and we had
a dry, sunny and warm afternoon.
A fault developed in the signalling system just before we started
running, which effectively rendered the main signal box inoperative.
Much head scratching from the signal engineers followed. Fortunately a
temporary fix was achieved, which restored normal operation only a few
minutes after we should have started running.
Overall a very enjoyable day was had. We carried 885 passengers.
The highlight of the day was the fledging of five wrens, whose nest was
in the roof of the steaming bays. They fluttered about for some time
landing in the hands of members, and for a long time Phil looked like
Long John Silver with one of the brood happily shouting from his
shoulder. The parents were frantically calling from the woods so the
youngsters were taken to them and a noisy family reunion took place.
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Terry's Diary
Regular readers of the IDSME message board will have read the many
missives we have received from theMike Dunning regarding progress
on completing 'Terry', the GWR 14XX, built from a Winsons kit, that
was started by the late Terry Castledine. For the benefit of those who
haven't read these tales of woe, they are reproduced here.

26th February 2013
Being as I and my Team are continuing with the build of Terry's
project for IDSME I feel I should give a general progress report. As you
must be aware it is time consuming finding what has been completed
and what needs to be finished. For example we have a whistle but don't
know where it goes. We hope to get the drawings soon. Work completed
so far: Terry has done an exceptional job on the general build, leaving
only the pipe work (injectors, blower, pressure gauge, water feeds) and
the rivets on front and rear buffer beams. All this work has now been
completed. Next job on Tuesday is rivets in footsteps, then look for
anything we have missed. I am sure there will be a lot more to do when
we look.

10th April 2013
With normal updates you expect to hear how everything is going to
plan but this time it did not. We connected the locomotive to the air
line as we decided not to steam up until we had checked it properly.
There were a large number of leaks, though none serious. Nuts not
tight, no balls in the clacks, main steam-pipe not tight and two nuts
not fitted because it was impossible to get our fat fingers between the
fittings. Luckily we had a helper with thinner fingers who managed to
fit them. We gradually stopped all the leaks and got it all air tight. We
then tried to run it on air on the outside tracks only to find something
is badly amiss. After the usual IDSME brains trust convened, the
conclusion is that the valve block is not sitting properly on the valve
facing on the cylinder, so air is going straight up the chimney. I have
now been informed that the valve block is under the cylinders we will
somehow have to lift the block to seal it.
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19th March 2014
I and my team are now able to start on the short haul (we hope) to
success with regards to steaming and final running of 'Terry'. If all
goes to plan I hope to run on air next Tuesday and steam the following
Tuesday. The following Saturday is public running, so if everything
goes well I will be speaking to the committee about its first official run.

27th March 2014
Last Tuesday my team were able to once again continue with Terry.
We ran on air before steaming, to check that there we no leaks and it
was okay to continue. For the umteenth time the 'Winsons' design let
us down. The rod from the eccentric to the oil pump, when put in the
right hole on the pump arm, hit the base of the handbrake pole. A half
inch round file, a two inch bastard file, a grindtstone and a big hammer
soon put this to order. We modified the ashpan and secured it with the
screw.
New fire clay has been obtained to seal the smoke-box. Some handrails
and some odds and ends have to be fitted after final steam.
As you will know from previous reports, the reverser was not fit for
purpose, so a pole reverser was made. Unfortunately due to the left
hand thread on the original screw reverser, forward goes backwards
and backwards goes forwards (but we can't win them all!).
We understand that we have a certificate for the pressure test, we will
need a steam test before we can run. I am aiming for the first official
run to be on next running day but that depends on the results of next
Tuesday.

22nd May 2014
Once again we have reached the point where we think we have solved
all of the problems and are ready for pressure and steam tests, but
usually our confidence is shattered by more problems. Last steam-up
we found that there was no petticoat pipe in the smoke-box. This
meant that the fire could not burn up enough to maintain steam
pressure. Last Tuesday we used compressed air to pressurise the boiler
again. Luckily no leaks, so we steamed up. This went to plan, all okay.
We then filled up the water tanks to try the hand pump and the
injector, but once again everything was against us. Water, water
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everywhere, water pouring from the injector area. No o-rings in taps,
union for injector not done up (we will need a miracle spanner to get in
there and do the union up). So we will have to take something to bits to
get to it. For some reason there are holes in the right hand tank end. I
think bolts should go in the holes but they do not line up, so the bolts
have been left out. We hope we can do something with superglue or we
will have to take tank to bits to get to them. I was even informed there
was a leak from under the nameplate. I will have to look into this. All
in all I think we are nearly there. It seems quite a powerful little
engine and should be a valuable asset to I.D.S.M.E.

3rd June 2014
On Tuesday we got very close to the end of our task, namely getting
'Terry' in a condition to be available for instructional use (to give the
youngsters and members the opportunity to drive an engine).We
passed the hydraulic test and then the steam test. We were rather
worried about the injector working, but we were lucky in that it worked
first time. We could not run as the oil pump eccentric jammed. Another
problem to solve, but we will get there.

First Steam Test in April
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Chairman's Chat
The majority of you will know from the message-board and from
attending the club that John Browning resigned as President in April.
The committee discussed the situation and decided to ask the previous
president, Peter Pardington, to return to the post until the 2014 AGM.
I am glad to say that Peter agreed to do so, but he does not wish to
stand for re-election after that. This means we have a fair amount of
time to consider who we want to be our next President, from
September 2014.
At the last committee meeting (having asked them beforehand) we
appointed Geoff Parry and Graham Findlater as chief engineers, to
join Peter Reynolds, Peter Pardington and Vic Barton. Mike Price,
who was also one of our chief engineers has moved away. He has
joined another society, which is much nearer to where he now lives
and has ceased his membership of IDSME. Three slightly younger
assistant chief engineers (ACEs) were also appointed, Michael
Proudfoot, Simon
Tilbury and Phil
Wimbush.
On the same day
as the committee
meeting, I went
with Peter
Cathcart to see
Pat Wright,
widow of our late
member Derek.
She told us that
it was Derek’s
wish that his
Maxitrack ‘Pearl’
be given to
IDSME. He had
spent a lot of
time
refurbishing the
loco in recent
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years it being one of the few things he was able to do after his last
illness. To my untrained eye it looks as if he did a fine job.
The loco is currently stored at a secure location off site until we can
find a place for it at IDSME. It will need to be examined by our
engineers and then given a hydraulic and steam test before we are
able to use it. A 'Pearl' is the ideal size of loco for us, it being able to fit
on the turntable with two trolleys and according to Maxitrack is
capable of hauling 12 adults. For those who may not know what a
‘Pearl is, she looks like the picture opposite, pictured with Derek. The
three A.C.E.s will be custodians of the loco on our behalf.
I am glad to report that Mark Piper is continuing as winter
programme secretary. He is planning to consult members about the
style and content for next season.
Mike Dunning and team continue to tweak ‘Terry’ who has been
difficult recently. The boiler work for ‘Speedy’ has been delayed due to
illness. At the end of June Mike let it be known that he would be
unable to attend on Tuesdays in the future due to family
commitments, although he hopes to be able to attend the occasional
running day. We wish him well for the future.

Do you want to learn to drive on our railway or learn to operate our
signal boxes? This could be done on summer Friday evenings, but
make sure you speak to someone first to arrange it as batteries need
to be charged and someone qualified has to be available. Phil is our
main instructor.
Finally, following the recent FA Cup Final, Tom Haynes took a few
days holiday, at short notice, in Basingstoke Hospital. It seems that
whilst celebrating the win of Arsenal in a nearby hostelry, a senior
model railway group member's over enthusiastic celebration caused
Tom, who was sitting next to the member concerned, to bang his head
on a table and be was knocked unconscious. We are assured that the
Monday evening meetings of the model railway group are not
normally this dangerous. As a postscript it was later reported that
Tom was once again seen in a pub in the company of the same model
railway group member, to watch an England world cup match.
Fortunately England's performance meant that Tom was never in any
danger.
Have a good summer.

Mel Fuller



Ashpan Number 1028

Ashpan Notebook
Subscription Renewals
Membership subscriptions for 2014/15 fell due at the beginning of April.
The full membership subscription this year is £30, while junior
membership is £6. Most members have already renewed for this year but
if you are one of the few who has not yet done so, the treasurer will be
delighted to hear from you.
If you can't get down to the club to see him in person then you can either
pay by electronic transfer into the club account (at Barclays, Sort Code
20-73-53, Account No. 30548782, your name will serve as the transaction
reference) or by sending a cheque (made payable to IDSME) to Graham
Findlater, 6 Arundel Road, Sands, High Wycombe, Bucks HP12 4NE.

Ashpan 102 & 103
Thankyou to those who have submitted contributions for inclusion in
this issue of Ashpan. The Autumn edition of Ashpan, number 103, is due
to be published in time for the Annual General Meeting and so any
contributions should be with the editor by early September. The editor's
contact details can be found on the inside front cover.

AGM & Committee Nominations
As usual, IDSME's AGM will be held on the last Friday in September. As
a consequence the forms for nominations for committee posts will be
displayed on the notice board from early August until the beginning of
September. Thereafter the secretary will write to everyone with details
of the nominations and the AGM agenda, giving the required notice of
the meeting.

IDSME Message Board
If you have internet access, but have not already joined the
IDSME Message Board you can do so by going to
www.idsme001.proboards.com and clicking on ‘Create New
Account’. The registration process is straight forward and once
your registration is approved (which merely consists of checking
that you are an IDSME member) you will be able to access the
message board.
If you have already registered with the message board but have
forgotten your user name or password, there are several steps you



Summer 2014 9

Workshop Chaos
Anyone who has been into the
workshop of late will know what
a state it is in. Machines used
and left uncleaned. Tools left
where last used, materials
scattered everywhere. The
Storeroom is also a disaster area
full of abandoned materials. The
result is chaos. Some tools are
ruined; others are missing or
cannot be found amongst the
mess. We are hoping to replace
at least a few of these from
Derek Wright's bequest to IDSME, but doing this is pointless if we do
not look after them. Sadly it is also alleged that things are being
borrowed, or worse, never to be seen again. As a result of comments
from A-Team members and others the committee are trying to work out
what to do about the situation.

can take before going to the extreme of re-registering (which
results duplicate accounts existing). If you can remember your
user name but not your password you can go to the login page as
normal and after entering your user name click on ‘Forgot Your
Password?’ A temporary password will then be sent to the email
address that the message board has registered in your profile.
The forgotten password procedure will only work if the email
address registered in your profile on the message board is up to
date, and so it is always wise to make sure you update your
Message Board Profile whenever there is a change to your email
address.
If you have forgotten your user name then you can email the
Administrator at Ashpan@idsme.co.uk and he can tell you what
your user name is. You can then go through the forgotten
password procedure outlined above.

vvvvvvvvvvvvvvv
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As regards misuse of equipment if you don't know or are not sure about
something don't do it, seek advice from an appropriately experienced
member.
The first stage is to identify things that need to be disposed of and
organise what we can still use. It has been suggested we make up
shadow boards etc. to encourage users to replace things where the next
user can find them but after that is done it will only take one or two
who cannot be bothered to tidy up after themselves and leave things for
that well known person 'someone else' to do it, to return it to a disaster
area once more. In the end previously tidy members will think 'what is
the point' and not bother either.
Preventing this happening is not going to be easy and can best be solved
by self discipline. It would make life difficult for the majority if we start
restricting entry to the workshop as our aim is to provide facilities for
those who do not have the equipment needed at home. Another
difficulty with restricting access is the need to reach the equipment
used to run the railway. What can we do? I appreciate this is not easy
but if the one or two responsible for most of this are spoken to by
anyone seeing poor behaviour or abuse of the facilities then hopefully
we can encourage them to be less selfish. If not we will have to consider
banning them from using our equipment. This might seem harsh but
may be necessary for the good of the majority who behave properly. One
or two might get upset when confronted but if we do and say nothing we
will lose the use of our facilities thanks to neglect and misuse by a very
few. We are not advocating such action for a genuine moment of
forgetfulness or a mistake so if someone says to you something along
the lines of 'have you forgotten to put that away' please take it in the
right spirit.
Any practical help you can offer to help sort out the situation will be
welcomed but we need to have someone who has an overview and who is
regularly present on Tuesdays to avoid confusion about what to keep
and want to dispose of etc. Our Treasurer, Graham Findlater, being a
regular attendee and knowledgeable in the use of machinery and tools
has the full backing of the committee to make those decisions as
required. He has already started on the lower level of the workshop and
this has already seen a significant improvement.
The decision on what to dispose of will only be made after consultation
with interested parties.

Mel Fuller (Hon. Chairman)



Summer 2014 11

IDSME-BRANDED GOODS
Members are reminded that the undermentioned

articles are available from Colin Reid.
See Colin at the club on Fridays and Running Days or contact him via the
following means: via the 'IDSME Clothing' thread on the IDSME message
board, or telephone: 01895 633245, or email:colin.reid@outlook.com
Enamelled Lapel Badges – £2.00 each
Cap Badges 'IDSME' in brass lettering – £5.50 each (only 3 remaining)
Embroidered Cloth Badges – £3.40 each (only 6 remaining)
Club Badge Stickers – £0.40 each
Club Ties – £6.50 each (only 8 remaining)
Club Mugs – £5.00 each (only 2 remaining)
Note: where limited stocks are shown, sales will be on a first-come-first-
served basis.

IDSME CLOTHING
No stocks are held, therefore Colin is currently arranging an order to
member’s requirements. If you wish to purchase and have not yet done so,
please place your order with Colin before July 31st. Clothing will
incorporate an embroidered IDSME badge.
When ordering, please be sure to provide the following minimum
information:

Garment Type: (Pullover / Fleece / Sweatshirt etc.)
Colour: (a full range is available)
Size: (Small / Medium / Large / Extra-Large)

A deposit of £5.00 per item ordered is payable to IDSME in advance and
can be paid to our Treasurer or to Colin Reid.
It is anticipated, without guarantee, that clothing will cost in the region of
£25 per item.

Members are reminded that no clothing, badges etc. may be purchased for,
nor sold to non-Members.
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Ickenham Festival 2014
The week long biennial Ickenham Festival took place in June and
IDSME participated in the final Saturday gala event by operating our
portable track. Members may recall that two years ago, in addition to
our usual participation in the gala day event, we staged a special
exhibition on our site on the first Saturday of the festival, where
visitors could have a proper look around and explore parts of IDSME
that are normally inaccessible during our public running days. (see
Ashpan 94). This year, unfortunately, the calendar was against us and
the first day of the Ickenham Festival coincided with our usual June
public running day.
This year saw a change of venue for the gala day. The gala day of every
Ickenham Festival up until now has been held in the grounds of
Swakeleys House. However the house has recently changed hands and
the new owners are apparently in the process of landscaping the
grounds and did not think this work would be complete before the
festival. Thus this year's gala day was held on the sports field of
Vyners school. The school is named after a former owner of Swakeleys
House, thus maintaining a tenuous link to normal venue. It is worth
noting that a former editor of Ashpan was amongst the first pupils to
attend the school when it originally opened. The change of venue was a
late change and the Ickenham Festival organisers are to commended
on almost seemless transfer to the new site.
IDSME's track this year was mostly level as it ran down the middle of
the school's (artificial) cricket pitch. The forecast was for dry weather
all day and so it didn't start raining until just after we arrived to set
up. Fortunately at first this only consisted of light showers and the
really heavy stuff did not start until we'd almost finished setting up.
That lasted for half an hour or so, before the promised dry weather
arrived for the rest of the day.
During the day we carried 215 passengers. This is significantly down
on previous years, but that is probably less important than the fact
that we attended in support of the local community. As we know each
and every time we operate away from the club we encounter an almost
endless stream of residents who claim to have lived in the area for
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many years yet are totally unaware of our existence. It's this
opportunity to promote the club in such a positive light that it makes
the pain of bended backs and knackered knees worthwhile.

Above: Laying the track on the
cricket pitch.

Below: A trainee
permanent way

engineer is closely
supervised.
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Above: Testing the track.

Opposite Top: The first train is ready to go.

Opposite Bottom: Awaiting the first passengers.
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Flat, Flatter, Flattest
By Paracaramel

Flat surfaces, particularly horizontal ones, are a law unto themselves
and this law dictates that sooner or later all such surfaces attract clutter.
This is especially noticeable in workshop environments and can be very
frustrating in circumstances where more than one person has access to
them. A quick reference to a dictionary tells us that the word ‘flat’ comes
from Old Norse. This comes as something of a surprise since most short
English words derive from Old Saxon and the longer words are
Scandinavian. Thus whilst ‘husband’ is Norse, ‘wife’ is Saxon. Another
feature is that many of our short words have multiple meanings and only
make sense when taken in context. Thus (again) in the engineering
context flat can mean ‘smooth’, ‘level’ or without ‘points of prominence’.
In other contexts it can mean ‘monotonous’, ‘dejected’, or without
‘effervescence’. There are connotations with music, feet, batteries, stage
scenery, paint, pneumatic tyres and a floor of a house used as a separate
residence.
For the purposes of this article we will consider only its engineering
context in which ‘flat’ refers to defined surfaces and as such is two
dimensional only. A square flat surface is generated when a straight
line is moved at right angles to itself along another straight line such
that adjacent sides are equal. Similarly a cube is generated when a
square flat surface is moved at right angles to itself along another
straight line having a length equal to its sides. In order to understand
flat surfaces it is first necessary to understand straight lines. Euclid
defined a straight line as ‘one which lies evenly with the points on itself’,
but this is not a great help in solving the major problem of how to draw a
straight line without reference to an existing one. By contrast, a circle
can be drawn using a compass without any reference to, or use of, a
previous circle. The property of a circle, again as defined by Euclid, is
that ‘every point on its circumference is at an equal distance from its
centre.’ Mathematicians over centuries have struggled with the problem
of how to use a constructed circle to create a constructed straight line.
Early architects used lengths of stretched string in the horizontal plane
and plumb lines in the vertical plane but mechanical engineers were
looking for something better. The problem became acute with the
developments of the early steam powered beam engine where the vertical



Summer 2014 17

piston rod was attached to the
oscillating beam by a chain
suspended from a quadrant
attached to one end of the
beam. The centre of the
quadrant coincided with the
centre of rotation of the beam
thereby producing a straight
line motion of the piston rod.
This arrangement however
precluded the use of a double
acting piston. James Watt
gave much thought to the
problem of obtaining a
perpendicular motion without
the use of chains or
perpendicular guides and in
1784 patented his parallel
linkage using only three rods.
He wrote to Matthew Boulton
that it was 'one of the most
ingenious simple pieces of
mechanics I have invented.'
Watt later wrote to his son
'Though I am not over anxious
after fame, yet I am more
proud of the parallel motion
than of any other mechanical
invention I have ever made.'
Whilst Watt’s parallel motion
served its purpose well it did
not in fact produce a perfect
linear motion although its
deviations were small enough
to be ignored when the beam
only moved through a limited
arc. Watt understood this and
did not claim otherwise. The
actual shape of Watt’s motion
is an elongated figure of eight
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described by mathematicians as
‘lemniscate’. Despite the shortcomings of
the Watt linkage it is mechanically
simple and robust and is still used today
in certain types of car suspensions.
Building on Watt’s example, the hunt
continued for the perfect straight line
and half a century later the
mathematician Chebyshev devised
another three link mechanism having
different lengths of rods and with two of
them being crossed. This device traced a
flattened ‘D’ shaped curve whose side
was a better approximation to a straight
line than that traced by Watt’s linkage.
The hunt continued and it was a student
of Chebyshev named Lipkin who in
association with Paucellier found the
perfect answer in 1864. Their device, as
shown in the diagram required six rods,
four of which (L 5,6,7,8) formed a
rhomboid with the remaining two,
longer, rods (L 3,4) connecting two
opposite corners of the rhomboid to a
common fixed point. Another corner of
the rhomboid is connected to an
eccentric drive moving through a limited
arc whereupon the remaining corner of
the rhomboid traces a perfect straight
line. It is essential that the two arms of
the eccentric drive (L 1,2) are exactly
equal. In effect the device traces an arc
as well as its corresponding inverse
which when combined produces a perfect
straight line. Future mathematicians
continued investigating multiple
linkages with as many as eight or ten
rods but whilst these produced straight
lines in theory, they were impractical for
engineering use. Prior to the
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Peaucellier/Lipkin device all attempts to produce straight edges and flat
surfaces had been on a trial and error basis but now they could be
machined to an unprecedented degree of accuracy.
This is not to say that trial and error was not satisfactory for most
purposes and one of the most outstanding examples of this was the
manufacture of surface plates by hand scraping or lapping with the
application of Newton’s principle of the ‘Automatic generation of gages’.
In this process three approximately flat plates are rubbed against each
other in a specific order using either abrasive paste or hand scraping,
where appropriate, to remove high spots. In 1840 Joseph Whitworth
described the method in detail for the manufacture of cast iron surface
plates which material lent itself to the use of hand scraping. For other
materials such as glass, stone or steel, abrasive paste had to be used.
The usual technique for using abrasive paste is complex. The abrasive
has to be slurried with water such that there is enough abrasive to cut
but not enough to form clumps between the surfaces. Because water has
a latent heat of evaporation which cools the work pieces and induces
differential thermal contractions, the entire operation has to be kept wet.
In practice the plates are separated at least every twenty seconds and
are flooded with lean slurry during the separation. The problems of
handling increase greatly as the size of the plates get larger. Not only do
they get much heavier but it becomes necessary to recycle the slurry and
remove the fines and cut material from it before it can be reused. During
the lapping of the three plates the ideal process is to grind number 1
against number 2 and then number 1 against number 3. This is repeated
many times with plates 2 and 3 being rotated on their own axes until
they become equally concave. These two plates are then ground together
in order to cancel out their concavities and produce two flat surfaces.
It is little wonder that until recently the preferred material for
engineering purposes has been cast iron which can be hand scraped to
remove high spots as revealed by their contact with a previously
accredited flat surface having been coated with a thin, even layer of
‘engineers blue’. Modern techniques using diamond laps have allowed
the economic production of granite surface plates. There are several
advantages from the use of granite. It is inherently stable, non magnetic
and rust proof. In addition any accidental damage usually results in
chipping which does not affect the overall flatness of the plate, unlike
that of cast iron. The hardness of granite is determined by its quartz
content and black granite is the choice for general use. Pink granite,
with its higher content of quartz, is used for the top quality plates.
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Granite surface plates are available in several qualities:
Grade AAA Reference.
Grade AA Laboratory.
Grade A Inspection.
Grade B Toolroom.

As a rough guide, a 12" x 12" grade AA plate will be 4" thick whilst a
grade B plate will be 3".
At the lower end of the scale a cheap alternative is the use of ‘plate-
glass’. Traditionally this was made by grinding rolled sheet but most
modern glass sheet is made by the continuous ‘float glass’ process in
which a layer of molten glass is floated across a bath of molten tin alloy.
Such glass is available up to 22mm thick. When carefully annealed such
glass can have acceptably flat surfaces which are not necessarily exactly
parallel but may
be used as a
reference
provided the area
is not too large
and that
distortion of the
glass is minimised
by triple-point
mounting
according to the
formula given in
the diagram. Note
that glass is much
softer than either
granite or cast
iron and is not
suitable to use for
lapping.
Moving on to double-sided flat surfaces such as gauge blocks it is
essential that the two surfaces must not only be acceptably flat but must
also lie exactly parallel to each other. These blocks are also known as
Johansson gauges or Jo blocks named after their inventor in 1896. They
are usually made from hardened and tempered steel and supplied in
sets. Individual blocks may be joined together by the technique of
‘wringing’ to give lengths in increments of 0.001 mm or 0.0001" steps.
The process of wringing the blocks together has four steps: 1) Wipe the
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two surfaces across an oiled pad. 2) Wipe off the excess oil using a dry
pad. 3) Slide one block perpendicularly across the other block using
moderate pressure to form a cruciform. 4) Rotate one block against the
other with moderate pressure until the two blocks are aligned with each
other. The blocks should then adhere tightly to each other. Current
thinking is that the flatness of the blocks is such that their proximity is
sufficiently close that adhesion occurs between them at molecular level
and that this adhesion is limited by the cohesion of ultra-thin layers of
oil, water vapour and oxygen. The latter is of particular significance
since blocks made from stainless steel (which does not have a layer of
adsorbed oxygen) cannot be made to ‘wring’.
To end this article I have decided to mention diffraction gratings which
start with the ultimate in flat surfaces upon which are ruled a very large
number of closely spaced parallel straight lines. Such gratings have the
property of splitting light (or other electromagnetic radiation) into its
component wavelengths and are used to study the radiation emitted by
atomic spectra. The actual wavelengths emitted are fundamental
characteristics of the atoms being studied and a knowledge of the
structure and accuracy of the grating is used to determine them. From
these wavelengths can be calculated their frequencies. In turn these
frequencies are used as reference standards in the most accurate clocks
ever devised and their accuracy can be traced back to the flatness of the
gratings and the number of lines inscribed on them. So how are they
made?
Unfortunately, details of how these gratings are actually made are kept
highly secret, being considered a matter for national security because of
their use by the military and the space agencies. However, some general
details are available. The production of the ultra flat metal plates and
their inscription by a dividing engine is an entirely automated process
and takes place deep underground to avoid tremors, thermal fluctuations
and magnetic/gravitational effects. Once made, the plate is used to make
a small number of daughter copies which in turn are used to make a
larger number of grand-daughter copies. The original plate is never
removed from its place of manufacture whilst the daughter copies are
only used for the most exacting work. Granddaughter copies may be
made available to hi-tech industries whilst bog standard great-
granddaughter copies are available to industry for use in a wide variety
of applications. To give some idea of how things might be today, Henry
Grayson made a grating having 120,000 lines per inch in 1899.
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