SIGHT CALIBRATION

The conventiond way to caibrate asight isto shoot arows at al ranges of interest and make a note of
the sght setting for each range when the group for that range is centred on the gold. Thisisatime
consuming process and totaly unnecessary. Inthefirst place, it is not necessary to get the group to
centre on the gold - measuring the distance of the group centre from the gold and calculating the
equivaent distance the sght needs to move meansthat only one end is needed a any disance. Inthe
second place, there is sufficient information from accurate messurements a a small number of rangesto
provide sght marks at dl ranges. The purpose of this noteisto ded with the second of these Stuations.

From a knowledge of the form of the trgectory it is possible to derive aformulafor the Sght settingsin
terms of afew easily measured parameters. The form is known from the note on arrow trgectory and
drag. It remainsonly to use that information to derive the Sght settings. It is convenient for this purpose
to re-define the axes so that the x-axisis from the eye to the centre of the target. The arrow nock isa
distance g below theeyesoy, = -q. Atthetarget, x= Rand y = 0 seethediagram.
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From the previoudy mentioned note

y= —q+L’—%R—%R2(1+ 2kRy=C
Un
Clearly, the tangent of the angle the arrow has to be launched is v, /u, hence
Vo q 9 2
tanb = U — R +ISR(1+§|(R)
Now if the distance from the top of the sight to the required sight mark is s and the Sght isa distance d
from the eye (or the peep sight for a compound bow) thenif s, isthe offset,
=0 = tand)
S0 that 5= 5o + dtan 8=y +di(; + 29’—2R(1+ 2kRY)
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g and d can be measured and if d isfixed, it is convenient to write
5= 5+ %L + AR+BR?

where A= and B= 2kA
PAVES 3

The equation for s has three unknowns s, A and B so by measuring the sight setting at three ranges the
three unknowns may be caculated. The procedure is to measure the three Sght settings as accurately
as possible a three ranges then solve the resulting smultaneous equations for s, A and B.



Computationadly, it is best to collect dl the unknowns to one side of the equation so that
So+RA+RB=s-%
Unfortunatdy, this procedure suffers from a drawback: it is sengtive to the accuracy with which the sight
measurements are made. A more satisfactory approach is to assume avaue for k and use two sight
marksto solve for s, and A from
So+R(1+ 2kRA = s——
If s, and s, are the Sght measurementstakena R and R, reqoectlvely, some smple dgebrayiddsthe
required parameters viz.
A= G+ o)1+ 2R, +Ry)
So =81~ ~ ARy (1+ 2kRy
A and s, can now be used in the formulafor s
S=Sy+2 + AR(L+2kRy
The physicd interpretation for the terms making up the 9ght setting isasfallows
sh isthe Sght setting required to launch the arrow horizontaly;
R repr&eents the correction in the absence of gravity and drag to prevent the arrow hitting the target
a-q,
AR represents the result of the action of gravity if drag is absent;
the remaining term isthe drag correction.

Note 1. sismeasured from the top of the Sght. It is convenient to think of sand g being measured in
millimetres and d and R being measured in metres. A can then be thought of as a scale factor in mm/m
and d/Ris adimensonless correction to be gpplied to .

Note 2. From the definitionof A (i.e. gd/2u02) it isclear that the scde factor varieswith d. Changing
the distance from the eye to the sight therefore changes the scdling. But since A is directly proportiona
toditisonly necessary to take one measurement to f|x S, 1.e
4 =sl———A R1(1+ 2KR,
where d' isthe new sght extenson and d the oId one and S, |sthe new offset. Hence
s=5+2 + AYR1+ 2R
This st of equations may seem daunting at first but with the aid of a calculator, the parameters can be
entered and used to calculate the required settings. By choosing suitable ranges the values of A and s,
look much smpler. For example, if R = 30m R, =70m and k 0.00375
A=Z2+ 0 and gy =5~ 32,250
The proof of this| leave to the interested reader.

Other than at very short ranges the terms containing qd are small correction terms. This suggests an
dternative way to derive sight marks. Note, firstly that qd/A = 2qu,’/g so that if we use typica vaues g
= 130mm, u, = 55m/sec and g = 9810mm/sec/sec, qd/A = 80nT hence

s—5p = AR +R(1+0.0025R)
Thisleadsto alinear relaionship between A and s - s,. By tredting Ras a parameter and A asa
variable asight chart can be produced where each range is represented by a straight line through the



originof s- s,. Therelative positions of the range lines does not vary so the chart can be scaled
arbitrarily. To use such achart two sight marks are chosen asfar gpart as possible in distance and lined
up with the corresponding ranges on the chart. All the other Sight marks can then be read off directly.
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One interesting fact can be deduced from a study of the form of the equation for s - it hasaminimum
vaue. Some typica vaues have been used in the equation to derive the following graph.
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The interpretation of this gpparently strange behaviour is that at very short ranges the bow hasto be
raised to make the arrow hit what the Sght isaimed at. In particular, if the target is at the samerange as
the sight, the arrow has to go through the sight pin!
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