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3354 Kirkham Road
Columbus, OH L3221
December 25, 1982 (MC!)

To: Ted Corbitt,Allan Steinfeld, A. J. VanderW=s1l, Len Evens,
Bill Hauda, Bob Baumel, Bob Letson, George Del=ney,

Carl Jeansonne, Carl Wisser, Kevin Cahill, Alsn Jones,

Tom Knight, A. C. Linnerud, Ben Buckner, Ken Young * Tom Benjamin

Dear All,

When I sent out mv broadcast letter of December € I wasn't
quite sure what would come of it, and now I'm not too sure
what to do with the info I've received. One sclution would
be to simplv reproduce the letters I get and send evervbody
a copv, but I don't like that. Instead, I'll trv to outline
brieflv some of the more importznt idess that I've received
and comment on them. Considering thst there are = f=ir
number of recipients of this letter, I'm startine to tlaink
of it as a sort of "Meszsurement Newsletter'.

In order to keep the size of it msnsgeable, if =znvbody h=s
anything to savy to the bunch at large, t=y to beil it down to
a page or a paragraph and I'll include it verbatim. Otherwise
vou will have to put up with what I do to your thourhts

as I try to condense them.

T- This newsletter is entirely unoffici=1l. In it we m=sv criticizei}
suggest improvements, promote theories, and exchanee ide-s

and data. As far as I am concerned, I will chznee none of
mv methods from the official standards until it becomes
an official change. To me, this means that I must either
hear it from Ted Corbitt or see it in NRDC News. So, if
\Jsomehow our exchsnges of ideas should result in some new

breskthrough in measurement, don't sct until 2n offici-=1
decision is made. Otherwise we'll have chzos.

We have no shortzpge of measurement theories. Evervbodyv
seems to have an opinion on the goodness and b=dness of
certain measurement methods. Whzt we are short of is dat=.
Some of us have conducted cur own private experiments while
trying to pget smart about some aspect of messurement. Often
these experiments were conducted hzstilv or inform=llv. There's
no need to be perfect when it's vour own enlightenment vou
seek. Your own mind fills in the gzps. I'd like to he-r from ~|
Y you about anv sctual experiments vou've done, or d=t= vou

know about, that might vield information ree=rding the
accurgey of the cslibrated bicycle method. We =211 know th=t
the method is reessonablv precise - the rood =rreement -se

get between rides when calibrating snd me=suring indic=tes
prettv good precision - but there is little inform=tion
concerning how good the end result is. 4

e

A svstem of measurement must have s3s its foundation =
clearly understood method, and some definitions. Here is
a definition I'd like to provose for vour commentzry:




Course Length - The length of a course is that estsblished
by & rider who, using the calibrated bicycle method, rides
both calibration course and shortest possible route with
no deviation from the proper route lines.

If we accept the above as a definition we elimin=te the
need to consider what course length might be if = surveyor
came in and accurately messured the course. We csnnot use
conventional surveying methods as a standard in our work
because they are too time-consuming to apply to rece
measurement.

Given the perfect nature of course lencth, and the probsbilitv
that most measurers will deviate more on meassurement th=n
they do on calibration, it is highlv likelv that no re=l
person will measure s long course, without using the 0.1
percent additional. It is quite possible that some courses
will still be short even with the 0.1 sdded - we have no

way of knowing for sure. Personally I believe thet O.1

should be encugh but I have no proof. That's why I'm hooing
for some data from you.

There has been some complaint about the ides of deliber-tely
measuring courses long. Whether we like it or not, we aust
either try to measure long or short. Is short better? All
measurement techniques have inherent error. We have settled
on the idea that a remeasurement by a top-gun measurer should
not find the course "short". If 0.l was added originallv,
this means that the course, as originallv measured, m=y be
short by 0.1 percent. As far as the mathemstics ro, we

could just as well try to hit the true value dead on, =nd
then accept any course that is no more than 0.1 short.

If we did that there would be very few courses that were
really the right course length, because z1l1 messurers, even
the best, zre imperfect. I prefer thinking that 3ll courses
are a trifle long rather than a trifle short. Th=t's whv

I was glarc to see the decision that came out of the l=st

TAC meeting that requires use of the measurement th=t results
in the longest course, and the adding of 0.1l percent.

Given the imperfect nesture of us as measurers, we czan be
almost certain that any course that is laid out is short
before the 0.1 is added. We believe th=t the 0.1 will m=ke
it long. '

An experiment to trv
Go to vour favorite eslibration course z2nd find the h=1fw=v

point (use counts-they're accurate enough). Lav out = vpoint
across the street from the halfway point, and measure how
far away from the calibration line it lies. Pretend th-t
vou are trving to measure as 3 '"course" the doplegs dist=nce
from the cal course endpoint, across the street to the
midpoint, and back across the street to the other end of
the cal course. I think that you will find that vou tend



to measure the dogleg distance a bit longer then it re=1lly

is. When I tried it, in a preliminary trial, I found that

I tended to measure the distance sbout 0.1 percent longer th-n
it really was. I'm going to go out and try to do = better

job at it and I'll let you know how it comes ocut. It's
sometimes frustrating to have to ruin a3 run Just to keevo

from being smashed by a car, but if I wsit for the right time
I think I'11 be able to get some good dope.

The reason to do the above experiment is not to get anv
particular number, but to see whether we reslly do tend to
measure short courses. I believe that we do, I think th=t
the ides that measurement is usually done with more devi-=tion
than calibration holds water, but believing don't m-ke it

so. Try a few dogleg calibration runs - Deeds, not words.

By the way, if you don't have a cal course handvy by vour house
do not despair. Use the bike to lay out anvy long str-ight
stretch and just zssume that the strzight-line distance is
correct. It won't affect the validity of the calcul=tion, if
you do 2 good job of tszping the offset.

I think I'm petting a bit long-winded. At this point I'm
going to reply to the individual letters I received. Then
I'm going to wait another week or two for some of the l-=ter
replies, comment on them, and send this out. Here goes:

Bob _Baumel - Yours was the first letter I received, =ni it
was a dandy. It was fun to find znother who has done some
playing with the records and come up with s m=themstic-1
expression to see how they run. As for converting =11 my
own PR's and races to the metric system, I haven't done it
because, with few exceptions, the races I run sre measured
in miles, or, in the case of merathons, oddb21]l metric
distances. I have become somewhst burnt-out on the subiect
of mathematical analysis of running performance, bec=use
I've been hammering away at it since 1975 znd the new hss
worn off. I still will turn out the odd article, but the
fire of enthusiasm isn't there like it used to be. To =vcid
boring the others with my thoughts on that subiject, I'll enclose
a separate note to you about this.

{~I am chagrined about my previous recommendztion th=t the

| "dogleg" should be a proper calibrstion course to ride.

] Although I believe that it would give slightlv better =ccur=cv,
the idez cof trying to weave back and forth =zcross the ro-=d

| is ridiculous with traffic zs 1t is. I zgree with vou on this.

L_I retract my previous ill-considered opinion.

You're z2lso right when vou szy that I'm concerned -btout
people fziling to ride the SPR. Bob Letson made = believer
out of me on this. The errors that ¢=zn occur on corners

are large if the rider is careless. I wzs glzd to see the
old standard of "within 3 meter" be ch-nred to "one ‘oot"

A lot of error esn occur "within = meter"™ depending on where
within that meter the bike is ridden.



With only a foot to work with, however, the error is much
more limited.

I've also been happy to see the idea of the SPR repl=ca that
of "measure where the runners will run". Although the l-tter
makes more sense, no two measurers will zrree on just where
the runners will run, whereas the SPR is tiphtly defined. If
we are to have standards they must be able to be interpreted
identically by all, and the SPR concept can be so interpreted.

You are right about the difficulty of actually riding the
bike around tight turns. I don't like to scooter mv bike
around turns either, preferring to just smoothly ride sround.
Still, I do scooter when measuring when I have to. After sll,
I'm not riding a bike but operating a precisely calibrated
measuring instrument. I can live with those scooter turns -
they are few, fortunately.

Thanks for telling me about the 0.08 percent tolerance for
differences between measurements. I had thought thzt it wos
0.1, wrongly. :
The best thing you gave me, Bob, was the way you measure _W
courses (use the first measurement to lav out the stzrt,
finish and intermediate splits. Use the second ride to check
the distances of the game points). I've tried it, and it
works a whole lot better than laying out two complete sets
of marks. All the data I need to make corrections is right
there, and I no longer have to concern myself with which
| rider is in "front" at any given point. -

I used vour method, and some of the ideas from your forms, to
create some new forms for Ohio. It was not tough since there
were no existing forms. I'm lucky in Ohic - no previous
paperwork procedure existed, so I'm free to set it up =zs

I think best. I don't have to dezl with unhappy measurers
who believe that the old way 1s the best wav. There =ren't
very many measurers in Ohio st present. I hope thst I c=n
make these forms so easy that most would-be messurers will

be zble to go out and do the job right without me h=ving to
make a personal appesrance at each measurement site.

Other measurers may have been using vour method for dec=des,
but I only knew the method of laying out two sets of msrks.
Although your method produces no greater accuracy, it does
eliminate ambifuity. I can't see why everybodv would h=ve
to measure exactly the sgme way, just so it's done right,
but I'm adopting your method.

I don't believe that any substantial increase in asccurzev

would result if we had a2 more finely-divided bike wheel. The

Jones Counter gives us a '"least count” of 2bout L inches.

If we were able to read down to say, 1/10 inch we would

be able to get more decimal places, but we czn =lrezdy

calibrate to about 1/4000 - far better than we can

measure. “1¢ Lyl 1ER CAL COUBSES CET APPROVER, WE Skovid
READ To ) cOUNT. a4 ZétuCHM:E:Sg“‘Z::r i L: f":e"::f
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It would truly be a pain if the components used to msoke the
Jones counter became unavailable. There is so little demsznd
for the gadget that mounts to the axle that if it should

stop heing manufactured we would have to find - substitute.

As long as bicycle speedometers are made, however, there will
probably always be something like it around. As for the
counter itself, there's little danpger of it becoming extinct -
there's §reat industrisl demand for those for the foreseeshle
future. I've been toying with the ides of putting s flexible
cable between the gear wheel and the counter so I e¢an mount
the counter on my handlebars. So far, through lsziness,

I haven't done it.

As for irate Oklahoma measurers giving vou grief sbout

recent changes in measurement methods, perhaps an explanation
of what happens when a reeccrd is set on a course is in order.
A course remeasurement that finds the course short would

be humiliating for the guy who did the original messurer.

A course meazsurement is, in a sense, 2 contest. The original
measurer is pitted spainst some super-zccurate perfect
rider who may come to town to shbot down the course. Are

we as good as the phantom rider? Mzvbe not, but when thst
extra 0.1 percent is thrown in, we'd have to be prettv

bad to be shot down.

Those who object to long courses must rezlize thst we must
choose between short or long. Our method is not sccurate
enough to hit it right on the money. All we h-ve done is to
place the extra tolerance on the long side rather thszn on
the short side. When vou buv potatoes =zt the supermarket, or
gas at the pump, or poods bv the vard, the concept of

"not less than..." applies. State depsrtments of weights

and measures see that the customer gets =t least wh=t he
pays for. Whether the customer likes the qualitv is =nother
uestion. I've run some terrible courses that were certified.
e puarantee only a correct length, not 2 rscer's high.

Your subsequent letter in which vou enclosed th=t copv

of the Wallingford srticle sbout messurement of the '7F
Montreszl Olympic Marathon was = poodie. I'm sendine » copv
of the article to everybody.

The calibration end riding seems to hzve been done with rrest
precision. I'm not impressed with the 8 count difference,

because at one point thev were 3 meters different. If the: _ &nhcther
wound up only & counts off, it's becsuse thev m=de & 3 meter

error in the opposite direction (zctuzlly either 2.2 or 3.8).
That's still pretty good measuring.

I don't see where Wszllingford can substantizte the ide=

that the 30 meter discrepancy between the bike meszsurement
and the survey 1is attributable to pzvement undul=tions.

If the marathon course undulated like the czlibr=tion course,
I would see the difference ass amounting only to th-t which
resulted from the difference between taped csl course vs
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In the A2.LEm
Distomat measured course, which amounts to only 3.7 meters
as I figure it. The rest I would attribute to fsilure to
follow the SPR. The remaining difference of 25 meters
is, interestingly, about half of what would be added to
the course by an additional 0.1 percent. In other words, the
course was short by 26 meters, and 0.1 percent would make it
long by 16 meters.

These observations are irrelevant if we use mv proposed
definition of course length, but it is still interesting
to see the comparison between the calibrated bike method
and an accurate survey. Does anybody else know about a
similar comparison between methods?

Bob Letson - You have been a tremendous source of informstion
and guidance in the time that we've been corresponding. I
can't adequately express my gratitude for your help, so
you'll have to zccept this "thanks" using the most favorsble
interpretation you're capable of making.

We don't zlways agree on things, but the differences sre
usually philosophical rather than mstters of fsct. For inst=nce,
as a messurer I'm not concerned where the runners will run

so much as where they can run. Many times I've szerificed

a _shorter route in exchange for more comfortsble footing

(I like to run right in the middle of the rosd, becsuse

the surface is flattest. Sometimes I cut corners, but

only when I get pretty close to the turn. I never run

the shortest possible route. I like the SPR concept for
measuring becsuse it's unambiguous.

A runner who takes a turn on the sidewalk should be disqu-lified.
That's clearly not on the route. I don't like the ides of
measuring the route that might be taken bv the faster runners
because it's subject to individual judgement and therefore
impossible to verify.

What 211 this business of long vs short boils down to i< this:
We are presently saying that z course must be between 1

and 1.001 times its nominsl distznce. We could 7ust =5 well
say that it should be .9995to 1.0005, or .999 to 1. All

have the same tolerance. Al]l we have varied is the medi-n
measured point, which presently is 1.0005 times course length.

I'm content with our measurement process ss it now exists.
While "trizl bv ordeal™ msy seem cruel to some, the presence
of the out-of-town phantom coming to mezsure vour course

will put the fear of God into measurers, m=king them be
careful. I'm verv vicky zbout SPR when I ride, beczuse I
worry about that guy. He mav be better then me at messuring,
but with that 0.l percent in my pocket I've pot the equ=lizer.
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You seem to have some sympathy for the runner who turns in

a great performance on a short course. I slso hzve sympzthy
for him, but I'm unwilling to bend the rules. A runner who
does a great job, only to find that the course wss short

has been robbed. He should be mightilv pissed, but not =t

us. His anger should be directed at the person who m=de the
sloppy measurement. If we set up the system to measure

exact distance, and allowed 2 ne%ative tolerance, the situ=tion
wouldn't change. There would still be short courses. I've
agreed to be the out-of-town badzss in one case where sz record
was set. Next spring when the weather pets better I've got

to remeasure a course. I hope it's right, beczuse I think

it would be mighty uncomfortable telling those people their
course is short. If it has to be short, I hope it's good =nd
short, so I won't have to split hairs. I'll be riding th=t

SPR like 2 bandit, 21l the time wishing I could let mvself
weave just a bit more. I'1l tzke my best shot, thevy will
watch me like a hawk, and we'll see whzt h=ppens.

If we zre wishy-washy in enforeing our standzrds, this
will be perceived by the runners znd the public, =nd our
system of mezasurements and records will become ill-respected.

s

Thanks for the forms vou sent. I notice that you use the

mez sure-twice-identically method, in which you establish

two sets of markings and keep track of which is the le=4
bike. Trv ocut =z meazsurement a lz Bzumel - you msy find that
you like it. I know I do. Your comments welcome. .

Bill Hauda = Your 5077.24 foot czl course sounds like =

dandy. My own personzl course I lszid out with = Distom=t
Infra-red device about L blocks from my house. It's 2088.79
feet long, znd I took elevations =2t each pr=ade change in the
road to correct for larpe undulztions. Actu=1llvy the undul-tion
correction didn't amount to more than azbout .02 feet, bec-use
there were only three slight deviations from stamedssdre <-nd  ~ EVE
thevy were 211 widely separated from one =nother. The course

is totallv flat except for those four esrade che=nges, the
larpest of which is five feet off the str=ight line. Just

for mv own information I intend to t-pe it, dJust to see

whzt the difference is. I expect the tz=ped dist=nce to

give =z prezter length for the course th=n the EUM me-surement,
but not much. We will see. I'd be delirhted to find = Fdisg-
crepancv as trivial =s the one they egot in Montre-=1.

I don't gquite understsnd how vou fipure th=t vou =re =lre-Av
measuring lone courses. Certzinly the bike rolls = Aist-nce

thzt is somewhat farther thszn the line-of-sight distonce,

but that is true of znv czlibr=tion course, even » t=vpad

one. The rider will wiggle when he mezsures too, =nd in -FAAition
will devizte more from the SPR than he does from the line-
of-sircht when czlibrating. Try the 'dorler" experiment -=nd

see what vou get.
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Ben Buckner - Ben, it is now my fourth rainy d=v off from
work at home, and I'm poing bananzs. Another four d=vs
of f next weekend. I like to work as little as the next mesn,
but I find myself wishing that those who order my universe
would throw some of this time off 2t me during prime-time.
I reslly don't appreciate all this leisure =t this time of
the vear. With zll of your students on vzcation now I expect
that you have the same job of finding something in these
dreary days to fill your time. It's obvious what I'm doing -
I'm running my mouth through my fingertips.

Your observations concerning my hallway messuring experiment
are probably valid. I think that my people probzblv did

a bit worse with 2 measuring wheel than they might h=ve
with a bike. I see the deviation from the str=ight line

as having two components. The first is the inevit=ble
wigple or weave that occurs when we trvy to follow = line.
This is a high-freguency low-amplitude weve. It is super=-
imposed on a high-amplitude low-frequency wave, the "long-
radius arc" effect that vou wrote zbout. I think that we're
doing fine in covering the first kind of wiggle - we orobsblv
don't wigple too much different during calibrstion th-n we
do when measuring. It's our inabilitv to hew to the line
that makes us come out short. The diapgrsm below is wh=t I

meagn:

— High frﬁ[w,‘o,} "u)gﬁif.';

- |low \CrcTumc.a.] " amder

Since runners don't necessarily follow the SPR it mov well
be that in messuring short one re=1lly meazsures nroperlv.
However, since the route thst runners will run is not -
clearly defined one, I think thzt the SPR is the wzv tc
Fo.

I 3lso agree with your observztion thst s measurement th-t
achieves pgood spreement between two riders on two bikes

is better thzn when one rider does both me=surements. I deon't
think it would make life ezsier for us if this were to he -
requirement thouch. Two messurements bv the szme good
measurer are probablv better than one bv s pood mezsurer

and another bv s beginner.

Running tracks are mezsured bv steel-tzping. I underst=nd
that they may not be short. OK. Does =nvbodv know how lcne
they may be? If measured to our present rozd rasecing stand-rA
a 400 meter oval could be .4 meters long. Does =nvhodvy out
there have any dope on this?
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Ben, I received from Ted Corbitt a method which vou wrote
about measurineg an oval by messuring its length =nd width
and using plane pgeometry to azrrive st the curb length of
the oval, and also the path distance 30 em from the curb.
Bob letson also worked up the same thineg. Does the IAAF
or whoever makes tracks officizl permit this tvpe of
mezasurement? Does anvybody know about this? I don't.

Ted Corbitt - Thanks for the copy of vour letter to Bob
Baumel -which included some of the history of the mezsurement
process in America. It would be nice to hzve the C=n=di=ns
join our fold with a2 common svstem of rzce me=surement.

And maybe we will see all the world someday getting topether
on the same method.

"Start-up wobble”" happens to everybodv. It's one of those things
—~5€E  we have to live with, I think, 2s long ss we're stopping
Bo®  at each point we measure. Maybe we should have some kind
LETSS of yideotape rip mounted on the bike when cslibrating =nd
Cﬁﬁﬁ#““measurinz. Then we could get a flying start, ride the course
He sest NOn-stop, and look at the videotzpe to see whzt the count
you! was a2t each point. When I pet z system perfected thst sells
for less then $20 I'1ll let vou know. Since the czlibr=tion
run involves cone start-up wobble each half-mile, =nd since
many courses have a corner or something th=t m=v force
a wobble each mile or so {including when we stop to m=rk
the pavement or read the counter esch mile) mavbe the
wobble is alreadv compenszted for. In znv czse, it's one
of those things that may not even be = problem.

The subject of mezsurement has been brought to the ordinarv
runners’ attention with the publicitv zbout the NYC reme-sure-
ment and subsequent course lengthening. Sc f=r I've seen nothing
that would lead me to believe thzt the course did not meet

the measurement standard in effect at the time of the r-ce.

Unfortunately the ordinary hum=n does not underst=nd th-t

z course can be short without beine "short". The lenrthenine
of the course reflects only =z tightening of the st-=nA=rA, hrut
the media people have seized on it zs = rpood storv, =nA

their zllepations make good, exciting rezding. Wzs the "fix"
in for Sazlzzar's WR? Tune in next month.

The increasing zttention pzid by TV =znd the press to the

big roazd rzces makes it imperztive that we do = rood ich

of measurement. We 311 read sbout Cl=vton's short-course

WR until we were sick of it. Even todzv nobodv re=1lv knows

for sure whether that course wzs re=zllv short. Most think it
was, but all anvbody rezlly knows 1is thzt it w=sn't me=sureqd
with an accurate method. I was overjoved when S=lsz-r brcke

Clavton's record z2nd removed 211 doubt. I hope th=t the

NYC course doesn't lezd to Szlzzsr's record being t=rnished

as Clavton's was.

The mediz can help us promote the sport, but if we screw up
we czn be sure that thev'll be right there to let those
folks out in TV lznd know 2bout it.



A CALIBRATIOF EXPERIMENT

On July 27, 198 I wanted to start the layout of a calibration course
nsar my house. I selected Redding Road because it was flat and straight.
Because at that time I had no ides of the wvalue of my bike constant,

I determined an approximate constant by measuring the bike wheel, I

went to Redding Road and rode the bike until I was confident that I'd
gone further than % mile. Then I went to another local calibration course,
located atop Hoover Dam, and made three rides. Then I returned to

Redding Hoad and measured soms more., Hera's the data:

Redding Road - first series: 9354.5

3354, 5 average - 9354.5
Hoover Dam - second series: 7230
7230 average - 7225,167
7227.5
Redding Road - third series: 9359

9355 .5 Rverags = 9357%3

Length of courses: (feai‘)
Hoover Dam - 2415,85 (measured by infra-red distancer)
Redding Boad - 2988,79 (measured by IR) plus 138,61 (eteel tape)
for total of 3127.40

In the calibration rides, the higher countes occurred when I had to
gradually swerve off the straightest line to avoid a pedestrian (on
Hoover Dam) or & newly-parked car (on Redding Road),

* * % * * *
If I had heer measuring the Hoover course, using the average of the
before/after Bedding values, a difference of 1/3720 would have resulted,

If, believing that the lowest count for & course is probably the most
accurates, 1 used the average of the Hedding minimum values, along
with the minimum of the Hoover counts, tke difference would have
been 1/7500, See calculations below.

LenwcTH of Hoover CougsE Based oOn  AVERALE VALUES)

L= 31274 x 7229167 = 2416.50 FT
-.i(ﬂsset.s +9357.25)
EQKOE - 2416 .50 ~ 2415-.35 - _000'2.6‘3 = l/‘?}..?17
2415.38S

LenatH of Hoover coues€ BAseD On MiNimUm  VALUES:

L = 3127.4 x 7227.5 = 241617 FT
%(‘1354.54-‘1355.5)

EgroR = 24%.17 — 2415.85 _ 400133 = [/7550
245,35

e,
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At the time I did the measuring I had no idea that the data might
have any concrete value, and perhaps it doesn't, However, since then
I have acquired a better semse of how things go when measuring, and
the data obtained seems reasonably close to what might be seen in
some real situations,
Although this onéxperimnt alone cannot support a very heavy
theory, it does confirm the idea that the best measurement is that which
makes the measured distance appear shortest,

It is inconceivable to me that similar comparisons have not been
done before, given the number of years tkat people have been fooling
with calihrated bicycles, Has anybody else got some dope on this?

BOB LETSON DOES! 1/6/83

Bob, I just pot your letter concernine vour e»l course
experlment, and it provides some thoupght-provokine Adove.
Like a true measurement champion, vou A=red to show vour
real data sheet, and I had some fun with it. For openers,

plotted vour observed counts vs the time of d=v =t whieh
they were gotten. See below:
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I did the plot because I suspected that there might be »
tire-heat effect. I think I see one, but it is minor
compared to the effect that you noticed - thot the shorter
the calibration course, the larger the constant.

With regard to my own experiment, if we look =t your d=t-
and look for the best measurement st esch distance (the one
that produced the lezst count, vour constants would f»11

as follows:
2nd lowest

Length Minimum count Constant count Const=nt
220 yd 1510 15280 1610.5 15281

440 yd 3821 15284 3821.5 15286
880 yd 7642 1528L 7643 15286
mile 15281 15281 15283 15283

I'm impressed with the agreement, not dismaved by the dis-
agreement.

I like the idea of short cal courses because they ca2n be
laid out ripht on the course to be run. With the present
4 mile length requirement, it is easier to use your own
handy cal course thszn to lay one out on site, bec-use it
takes a while to do it. However, if we could use, s=v,
1000 feet 3s 2 minimum distance that wouldn’'t be such -
_ big job to do.

I believe that accuracy just has to be better with = 1000
foot course laid out right on site than with 5 % or 1 mile
course laid out miles away. The travel time plavs hell with
those tire temperatures. Sure, we're legz1l, but deev down
vou can tell when that sun has given you 2 bum ec=libr=tion.

As long as we have the % mile requirement we =re going to

favor the use of remote calibration courses. Reduction of

the distance to 1000 feet would make 2n on-site c=21 ccurse
much more feasible.

Your experiment clearly shows the effect of those stovos
and stzrts. I would personallv hesit=te to trv to -sk mv
measurers to mathematically 2llow for the short c=1 course
by adding 1% counts per stop (or subtract?), but would
instesd have them pgo ahead in the ususl wzv. The effect is.
as vou szid, to subtly lengthen the course > sm=11 =mount,
but that amount is too smzll to bother with.

For calibration, I'l1l throw this out for srrument: Use =

1000 foot calibration course. Four ride minimum, both before
and after measurement. Use the second lowest count =s +he

cne for calculation. This reduces the chznce of retting c-urht
bv a freak count, and keeps the calcul=tion from beine =ffected
bv those high-count rides that come, as we 2ll know, when

we have to swerve around sn unexpected obstacle.

Cpinions of all solicited.



I don't think that the sequence of rides need be unbroken, so
long as the slack is carefully taken out of the counter =t
the start of each ride.

T don't think we want to jump too soon to gra=sp this seeminely
golden method. I like it, but I'd like to see it thoughtfullv
discussed a bit first. T believe that Bob's sugrestion is =
good one. It gives us the opportunity to c2librate right on
site, where it ourht to be done. Certainlv, I =1lso believe
that the longer the ecal course, the grester the ~ccur=cyv.
However, if we have to use 3 mile, we'll tend to keep using
those remote, alreadv-measured cal courses, bec=use it's iust
too much trouble to lay out 2 whole h=z1f mile.

Let's hear scme arguments’
i
Eemember, here's the scheme: —\

1) 1000 foot calibration course minimum
5) L rides required, both before -nd =fter me-surement
3) Use the second lowest count to determine the const=nt
L) Use present course messurement procedure
2) 2 measurements
b) Use the measurement thet makes the course
come out the longest l

* * * %X *® % *® Xk X

Janusrv 8, 1923

If you've wzded through this you deserve = med=1. I hooe it
hasn't seemed toO much the ravings of 2 dersnged mind. I went
to get smart about messurement with c=librated bikes. We

course measurers are collectivelv the world's exverts on

+his subiect. It's not t=urht or used in tr-dition=1 survevinr,
so survevors don't know =2nV more thzn we do, =nd in most

czses far less. We =re currently the cnlv ones who DOSsess
real, practiczl xnowledge zbout the subiect. Th=t's whv I'm
pupping evervbody to open up their storehouses of exnerience.

Anv suggestions =bout this newsletter th=t Ao not refer to me
rolling it intc = sm=11 tube will be welcome. P-gs on vour
experience. Knowledee is power!

P. S. I'm attaching the {nstructions for course measurement that I send
to prospective messurers, 1 want them to be clear to inexperienced
people, yet accurate so far as metkhod 1s concerned, Amy puggest lons

for improvement will be wekcome,



"If you can measure what you are speaking about, =nd express
it in numbers, then vou know something sbout it: but if vou
cannot measure it, if vou cznnot exoress it in numbers., then
yvour knowledpge is of 3 mesger and unsatisfactorv kind. It
may be the beginnine of knowledge, but vou have scarcelyv
advanced to the stage of science."

- Lord Kelvin

The ramblings I've sent you represent my thoughts on the
subject of course messurement, as well zs some thoughts
of some of you who have replied to my first brozdside.

I have put brackets around the paragraphs I think =re most
important, ijust in case you don't want to try to w=de through
the whole thing. Some important things are:

1) A proposed definition for "course length"
2) A plea for solid information on the subiect

3) A proposed experiment to see whether you tend to me=sure

"ghort" and by how much (see below)

L) A nifty erticle about messuring the 1976 Olvmpic
mzrathon course (other side of this pzge)

5) Results of two measurement experiments
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TECHNICAL GUPPLEMENT

The costs of producing this supplement are covered by a grant from Sport Canada to the
orial responsibility for the supplement remains with

Measurement of the Olympic marathon
course, Montreal 1976

by R.R. Wallingford

Ron Wallinglord was the Race Director
ol the Montreal Olympic marathon and is
now Technical Coordinator of the Canadian
Track & Field Assoctation. The “bicycle
method  of course measurement described
in the article 1s the oflicial CTFA method for
measuring road courses. Further informa-
tion on road course certilication can be ob-
tained from*the CTFA National! Office, 355
River Road, Vanrer, Ont. K1L 8C1

Due o the very late completion of the
ramps leading down 10 the stadium (June
26th, 1976), the final measurements of the
Montreal Olympic marathon course were
only taken after this date. However. the
course had been measured by a proles-
sional survey crew in March 1876, using
blue prints for calculating the connecting
ramp distances with the mamn road course
measurements. Since the telephone com-
pany needed 10 know the location of the 5
km points in order to plan installation of
telephones used 1o relay en route informa-
tion back 1o the stadium. a survey crew was

hired by COJO (the Olympic organizing

commitiee) 1o de this job

The curvey erow Ioliowed the basic in-
ternational (IAAF Jules ol staying one melre
from the curb in the runming direction and
taking the shoriest distance between Iwo
pomts on curved roads A sleel lapc was
used lor all curved areas and a dislomat
measuring instrument was used 1o record
the straight ines The distomat measures
the time taken for a beam of light to be
reflected from the measuring point to its
source and thus measures “air” distance
and no! the undulations of the pavement In
severalinstances. snow had to be shovelled
out of the way to accomplish this feat. It fook
the survey crew three weeks 1o complete the
task

The crew inserted nails in the asphalt as
bench marks along the course n several
places and appropnately identified these
points for us in drawings for future refer-
ence Uniortunately. one-third of these nails
were nccluded by the Iresh paving of a third
of the caurse 1n preparation lor the race,
hetare we conld e them The few pomts
wie chil Toeate served s a double eheck for
Ve whien carrying ont The actual measoaes

The writer as Marathon Race Direclor,
along with Narm Palenaude, an expefri-

enced marathon runnet and Canadian dis-
tance runner Peler Quance formed the nuc-
leus af A team wlueh selup the otticial mea-
suneiment

Cursory exploratory measurements took
place using the calibrated bicycle method,
verilying the basic surveyed course except
for the stadium ramp. These preliminary ex-
penences convineed us of the importance
ol having an experienced nider (Norm
Patenaude) and a first rate hike afler our
inihial bad experiences We found that we
had to do all our measurements at night and

— COURTELY OF Bl Trumeo —

under police protection. The reasons were
that the air in the. tires expanded il we
slarted in the morning and proceeded dur-
ing the heat of the day. thus causing the
bicycle to lose its original calibration. In ad-
dition, the traffic was too formidable to at-
1empt to go against it during the day, espe-
cially while charting the shortest distance
across curved roads.

Our first task was to get the surveyors to
measure the standard kilometre on a flat
straight section of the course. This was
measured with a distomat and then three
times by steel tape under the supervision of
a land surveyor. The steel tape measures
were 5-13/16" (14.6 cm), 2" (5.4 cm). and
2'2" (6.35 cm) short of the distomat mea-
sures in a kilometre. The distomat evidently
lpses this much in the undulations of the
pavement and so 1s not loo reliable for stan-
dardizing a kilometre or measuring a
course.

Using the mean of the steel tape mea-
sures. we proceeded to calibrate the bicycle
late in the evening and continued through
to daylight the next morning. A Jones
Counter, which records 20 counts per re-
volution of the bicycle wheel. was
employed. Norm Palenaude rode over the
kilomelire course three limes to calibrate.
racording 9359. 9358 and 9357 rounis. We
then pegged 9358 counts as being the equi-
valent of 1 kilometre. We slarted in the
stadium al the point the surveyors calcu-
lated to be the slart and procended with the
measurement. Each kilomelre was duly
marked on the pavemen! with a spray can.
and notes taken as to its location. After
measuring the course, we rode over the
kilometre distance twice more to check the
calibration of our bicycie. Our recalibration
on the kilometre course was dead on, being
9358.5 and 9357 5 counts

Qur first result had a discrepancy of
B81.8m with the surveyors result The survey-
Ing crew on rechecking their figuresfound a
discrepancy ol approximalely 50m due to a
blue print change from the original design
leaving their measure and ours about 30m
diflerent. | would suspect a distomat dis-
tance o be approximately 30m 1oo long if
used exclusively due 1o the lack of "credit’
for undulations of the pavement

Using our cailicr meanare 4 o basis for
statting, we eannied out the secoimd othical
verihcation measure. Calibtslion of the
bicycle before course measurement gave
readings of 9334, 9334 5 and 9735 counts
We considered 9335 to be the official
kilometre count Our verification measure
waas never more than 3 metres different
from our first one at any of the 5 km points
and in lact ended up with an incredible 8
count dilference in 393.890 total counts for
the course. The B counts verilied the earhier
measure by within 0.86m. Qur recalibration
was again dead on, being 9335, 9334 and
9335 for three rides taken over the earlier
calibrated kilometre.

We were in touch with Ted Corbitt of New
York who graciously advised us.as we pro-

ceeded with our measuremenls. and thus
ensured more reliability. We feel that since
the bicycle did not lose its calibration and
that all the intermediate check points were
consistent. we had an extremely accurate
course

.

Other sidelights on the race
organization

Because of the numerous intersections
(more than 400 on the course), we insisted
on the painting of a 4™ (10 cm) blue line. This
was very difficult as the blue was distinct for
only so long when painted on busy city
streets. With several paich-up jobs and
good cooperation from the five
municipalities through which the race pas-
sed, the lines were ready by race day.

Although the course had several turns it
was as flal as was practical for a race being
held in a congested city. The relatively cool
day with comforting rain aliowed the quality
field 1o pertorm up to expectations. The
electrical vehicles used by TV personnel
also allowed closer proximity to athletes
without affecting the runners. We had a TV
dress rehearsal one week before with sev-
eral athletes who had a lour of the course.
This helped us get a preliminary leel for the
actual event. As aresull, TV coverage of the
aclual race was oxcelient

Qur major problem was relaying times
from the early kilomelre points. Even our
well-trained specialized tene place recor-
ders had trouble at the 5 km point where the
first 34 runners went by in three seconds.
Unfortunately the runners rounded a bend
just before this point which added to the
dilficulty. Other minor problems were also
encountered. Due to internal problems in
CQJO. black on red numbers were substi-
tuted for the black on hiaht blue originally
ordered These were no! as distinct on an
overcas! day as they should have been
Aiso, the overhead nelicoplers involved
with the live TV coveraae unfortunately
arowned gul the vaices of the officials at the
checkpoints who were reading athletes’
numbers into tape recorders for use In
monitoring places

One electric vehicte hac a person 1o
identily numbers on the tun and call them to
arecorder. Thiswould have proven satisfac-
tory il the electne velucle daing this task
hiaed not mechameal teauble

By having triple checks in most in-
stances the Inw unrxprcted problems did
nol appreciably aflect the 1otal result. The
lay-out lor relieshments sermed quite good
althouqh not having the expecied heal we
could not lest the sysienmi accordingly. Es-
sentially, every athlele had a polential drink
opposite his number at each refreshment
station, with ten numbers per lable

As 3 linal point, | would sugges! that the
bell be rung (at Icast for the leaders) when
they have one lap o go in the stadium |
believe this would tend 1o dramatize the last
lap. and reinforce earlier instructions on
distance remaining in the stadium.
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Sgme Hints on Courss Measurement

Flan Ahead - Course measurement is the lggi of many steps in establishing
a course, Be sure to discuss the route with local and state authorities to be
sure you're legal, Get the race director involved, so that you are sure you're
moasuring the course you'rs supposed to be measuring, If the race is an
established one, try to get a runner who has run the course to help, Runners
know whers runners will run - and they'll take every allowable shortcut!

Find out just how much of the road will be avallable to the runners. If
runners are expected to take a somewhat longer route while a shorter one is
available, it may be necessary to include temporary barriers to keep them
along the right path, Instructions like "stay on the right side™ are univgrsally
ignored, unless enforcement exists, It's easler to let them rur whersver they
want on the road, and meassure the shortest path they can take.

It's not always easy to measure, eapecially in traffic. If you can, try
to do your measuring at a time when traffic is light. Early morning is good.
If you can't get free of traffic, some arrangement with the police may be
sade - they might sven provide an escort, If you'rs measuring s race of
large local lmportance.

On corners, be sure to try to measure one foot from the edge of the
pavement or from a curb, Every foot you swing wide shortens the course
s0 if you have & lot of turns, you could wind up with s short course
if you're not carsful.

On s-bends, measurs the stralghtest line that a runner could run. If you
have any tricky turns, such as where the runners turn onto grass, you may
have to establish a known, marked spot where a traffic cone or a person
should be on rsce day to mark the turn exactly.

Use maps, sutomoblles, and your calibrated blke to do enough rough
measurements so that you have a pretty good idea where the start and finish
will be. It's no fun to do your final, officlal measurement only to find
out that the course doesn't come cut right, Know which end of the course
is most important. If the locatlon of the finish 1s most important, start
your measurement there and measure toward the start. If the start 1s more
important, begin your measurement there,

Toolg for measurement

Jones counter
Bicycle with high-pressure tires

steel taps (100 foot is best, but 50 is OK) 10 1b spring scale
notebook and pencils thermometer
calculator hammer

bike tools (if you get a flat, recalibrate before resuming measurement)
erun/chllh for temporary pavement marking

Concrete or PX naile for permanent markings

Spray paint

Masking tape for temporary calibration course layout marking

lunch
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The calibration course should be laid out with extreme care. If it
1s done sloppily, any measurements using it as a base are worthless.

The course must be straight and at least § mile long. To lay out a course,
do the following:

1) stick a plece of tape on the pavemsnt and mark a start point with
ball-point or felt-tip pen,

2) measurs the temperature at ground level by laylng the thermome ter
on the pavesent. If it's sunny, shade the thermometer.

3) stretch the tape out for its full length and stick another plece of
taps to the pavement.

4) Have the rear tape holder get a good grip and hold the rear mark
exactly on the start point while you pull the tape tight with a 10 pound
pull, Use a spring scale to pull the tape,

5) Mark the tape when you have the 10 pound tension applied. You now
have two marks that are 100 feet apart. If you'rs not sure whers the sero
mark is on your tape, use the 1 foot mark as a sero, and you'll then
be marking 99 foot intervals. The exaot length of the calibration
course 1s not important, just so it's long enough.

&) Repeat the process until you have measured at least § mile (I use
27 lengths of a 100 foot taps)

7) Starting from the end you'vs just reached, repeat the process in
the opposite direction, using & different color pen to make the marks
Do not re-use your first set of marks, but make new marks on the second
meagurement,

8) Measure all the way back to your starting point. Tou will find that
your two measurements are not exactly the same, If you have been careful
they should sgree within two to four inches,

9) Measure pavement tempsrature again.

10) Drive a nail at each end of the distance you measured. Your course
18 now lald out, Its exact length will be the average measured distance,
corrected for temperature, Follow the example to see how this 1s done.

11) Ride the bike along the entire length of the calibration course,
and record total counts. Do the same for any 100 foot intervael, If you
measured 27 tape lengths, the count of the total course should be about
27 times the count for 100 fest, It is not uncommon for people to meassure
a course with great precision, agreeing in btoth directions within an inch
or two - but omitting to count an entire 100 foot length in their
ealculation, The bike ride checka for this - the two runs should agree
within | percent of each other if the course is right.



INSTRUCTIONS FOR USE OF
JONES COURSE MEASURING DEVICE

To calibrate the counter, measure a half
mile or one kilometer course using & steel
1ape with 10 1b. (4.5 kg) tension.

Record the
resding of the Course Measuning Device st
the beginning and end of the course. Only
read when the bike v advancing to the
mark. Il you overshoot by 3 few inches,
back up behind the mark o that the
counter it sdvencing 8s you comes sgain o
the mark. This will eliminate “hacklash'
Ride over the course st least twice. Record
the results s shown in the example;

Aun 1 Run 2
STOP BE500  D4449
START 18135 - 86592
Dilterence 7885 1867

Subtrect and take the average If & hall
mile course, multiply by two for counts
per mile. 1l & mile or kilometer couise use
the average. For this example we get [if
fram & hall-mile course):

counts par mile = 16712 (8763 per km}

Then we use this 1o higure the number of
counts for the desired distance. For ex.
ample, for a 10 mile course it would be
157120 counts. Since the counter only
records & digits, note that it will “urn
over” about every 6.4 males (10.2 km).

For a 20 kiometer course (124274, .
mles) 1t owaould be 12 427424 x 16712 =
195260 counts or 20 x 9763 = 195260
counts (We recommend the use of a cal
culator 1o anl i these compuliations.)
When measunng the sctual course, read
the counter as the tuke 13 set a1 the starting
paint and add the desired counts o get
the number to chlan at the finish. You
may wanl 1o compute the count lor
each mule (or kilometer) mark. Then each
mile can be marked lor use by the runners
during the race.

I you messuie an exisling course and
wanl 1o hind 1ts length, determine the
101l number of counts and divide by the
counts per mile For example, using the
counts per mile Trom sbove, if the total
counts for the course was 186734 this
would be:

166734/16712 = 108119 miles = 10
miles 1077 yds

166734/9763 = 17.0782 km = 17 kin
78 Meters

or

For your convernnence, the following con-
werson lactuors are given:

1 mile -

1 kilometer = 062137119, . . miles

6 kilometers = 3106856, . . "
10 kidometers = 62137010, . #
16 = 0.320668. .. =
20 - 12427424, "
2% . 15534280, "

Marathon 42195 meters

47 195 kilometars
26 mules 385 yads
© 26 21875 miles

The Jones Course Measuning Device o availabide T

Hew York ool

Box  HHL  FDR Stat
Hew York, New York
Attm: Badll Noocl

Huaniner =

1N
1l
{ECH R

Clab

B 45

1 609344 kilometars (exact)
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CALIBRATION COURSE DATA SHEET

Hote: You may use a calitration course that has already been certified,
instead of laying out a special course, If you used a certified calibwration
course, indicate its name and locatlion:

If you lald out a calibration course, fill out the followings
Date 7 OcT B2 Start time 7:15 AM _Finish time__ 400 AM

Pavement Tempsrature at Start 53 at Finleh 59 Avg__ 56

Measured length of course: First 2700.00 FrSecond %?OO ."3'/4-" Average 2 70Q. M'
760.21"

Bicycle Check for gross mistake in measurement: Noteilf you used another

checking method, explain it,
CoumnTs Fek Puuw caL cousse = ¥OT+¢
Counts Fom oo FT = 300 307¢ - 2641
300
we vseo LT LEmeTHS .
RouvaH cCcntod OK

Tempsraturs correction = ,00000645 x (length) x (6BF - Avg pavement temp)

Temperature correction = .00000645 x 2700-1¢ X (e1-5¢) = .21 Fr
Note: you must use s steel tape or tool of equal accuracy. Md you use a
steel tape? Y&ES If not, what did you use?
If the pavement temperature 1s less than 68F, the tape will be short. If
pavement tempersture ls greater than 68F, the tape will be long. A steel
tape 1s exactly 100 feet long at 68F, when supported horiszontally and
stretched with a ten pound pull. So, if the pavement is cool, subtract the
temperature correction from the measured course length, If it's warmer,
add the correctlon.

Calibration Course length = Average length ¥ Temperature Correctlon
Calibration Course Length = 2700.14 = .21 = 2699.43

Bote: Mark the end points in & permanent way (such as nails or chisel

marks), Paint will fade, This calibration course, once certified, can
be used to msasure many courses, Take care of it}



Calibration Course Data Sheet P, 2 of 2

Answer the following:

1) Name and address of leader of tess that measured the calibratlon courses

Jons DOE — 113 AccuRATE RD - Pexrfection, OH 43507
2) ¥What experience has the leader had in measuring?

HAS HELPED MEASUSE OTHLR CovRSES AND FoLleweD INETRUCTIONS
) Hoy many persons helped measure the calibration course? List their duties:

|S HEAD TAPEMAN T) #EAR TAPLMAN %) DATA REcemoCR,

b) How many times did you measure the calitration course? 2

UsED A SPRING
acaLL -10 LB TErSien
6) Are the start and finish of the calibtration course located on the road

whers the bicycle wheel can touch thes, or elsevhere?
OM THE ERoAD

5) How d1d you check the tension in the taps while messuring?

7) Did the tape have any kinks, crispe or splices? No
8) ct Ma vics: If you used an slectronic measuring device to
lay out the calibration co

urse, give: Name of device, who operated it and his
qualifications/experience, results, dats, location of course, and coples of
field notes and calculations. Describe how start and finlsh points are
permansntly marked.

9) Sutmit sketch of calibtration course start and finish points, Include nams
of road, its location, and taped distances from nearty permanent landmarks.

o

(Je—— 231 FARGO RD

"
~ 4Torq TN MHoRTH  CALIBRATIRM marx 15 18w of
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sTokr DRAMW In FRenT OF 1317 famée RO,

ELysium, OH

JR—

L
wi. OFf
W CALIBTATINS mar 1S I
'*‘_w;“g €. €pak OF FARCs RD. w“ls
_ s et M. OF TH& M. €D<E oFf T
PARROT WM Ofe~—_ .,,A,_.:,:tt MHAMHILL AT TCRSECTION oF

FARio ED 4 PARRST L

£

FaRG o,



BICYCLE CALIBRATION DATA SHEET

Date of measurement “ OCT BZ.
Name of messurer . Jonwn DoE

1) Ride the calibration course 4 times, recording data as follows:

Ride Start Count Finish Count Difference . = = .= =

| 120641 128765 074 Average Count __ 8072.75
2 123799 136871 jo72 Time of Day__ 7115 AM
3 136903 144376 013 Temperature___ 3 3 F

4 145015 153017 go72

Length of Calibration Course (fest) 2&9A9.93
Extra length correction = 1,001

) . Pre-measurement average count x 5200 feet per mile x 1.001
Vorking Constant Length of calibration course in fest

USE
Vorking Constant = 807Z.75 x 5260 x1.001 _ 45402 .9] 15803
26494 .93
2) Now, measure the course, including all intermediate distances, using
the working constant. Enter data on the “COURSE MEASUREMENT DATA SHEET",

3) Recalitrate the bicycle by riding the calibration course 2 times,
recording data as follows:
Ride  Start Count Finish Count Difference Post-measure
1 350300 358366 066 Average Count__ §065.5

Time of day 16:30 Awa

YA 35 1400 366q6s §oes Temperature ©3F

Avg Count for the day = { (pre-measure avg count + post measure avg count)
Average Count for the day = -;-' (8071.15 11065.5) = 1069.25

Constant for the Day = Avg count for the day x 5280 feet per mile x 1,001
Length of calibratlon course in feset

Constant for the Day = 9069.11S XS220 x 1.001
2e99.9y

= 15745.§

Remember, each day's measurement must be preceded and followed by a
calibration run, You may measure as much as you want in a day, Jjust so
calibration precedes and follows it in the same day. This iz done to

minimize the error due to changes in tire pressure due to thermal expanalon
or slow leakage.



COURSE MEASUREMENT DATA SHEET
Name of course or race _ L LYS1UM 10
Name of Measurer #1 Joun Doe
Working Constant for Measurer #1 15803
Time started 7:4S AM Time Finished_4:00 AMDate_ I Oct §L
Temperature at start____ 53 F st finlsh___ S7 F
Name of Measurer #2__  _Jouw Dok
Working Constant for Measurer #2 |1S103
Time started_1:10 AM Time finished_ 10:1S_AMbate__ 16 Oct §T
Temperature at start 5] F at finish e F

Heasurement data - Use the first messurement ride to lay out the points. Use
the second measurement ride to check the location of thoss same points.

Foint Count #1 Count #2 Location of Point

FiNISH 1540600 350148 37 Fr W of "Ne Pagxw<i”tian SY WRED Sho
© Ml 157377 346172 (errTee of DRIVEWAY, LI§O FAREo KD

S M 17135110 330974 37 w.of TPH 3004 —gB o8 Janmes Ru.
4 w 18841y 35 ef T N oF "No Dec3 AlLewso” sikm ona BikE PN
el 104 7% 19935 4 17 FT S oF Dmusud FounTaw on BIER PrTH

r ALY 27105¥4 283592 4 rr W oF Butieo Cms™ 31ce ‘1"‘:‘ "
| Ml 236392 267795 g et N ofF “Joy Care’ sien ed oy ST .
START 151145 15000 TP 8 3014-6C (u FrowT of MercoR Howe,

Elapsed count #1= aglas Elapsed count #2= 14 lql

After measuring, recalibrate the bikes and, using the Constant for the Day,
calculate the measured length of the course:

Length by #1 = Count/Constant for the Day(#1)
Length by #1 = ‘f‘l‘\S/lS"Hs.( = 6.-21653 mMi Difrecence
= ,0019% M

Length by #2 = Count/Constant for the Day(#2) 1S.7 FT

Length by #2 = 94148 /15745.§ = 6.L1355 M
Pesiin LEeTH = G, 21371 W

Minimum length as measured = 6.U355 mi

Using a steel tape, add or subtract distance as required to bring the minimum
length to the same value as the desired course length,

How much did you add or subtract, and where did you do it (start or finish)?
G.L1Y5S -6.LI3T( = .00016 Ml = .§4 FT

A DDED I FT T MEASURED LENKTH AT START
HoteiYou need not ad just intermediate miles, unless certification for
the intermediate distances is desired, Did you ad just them? How? No



