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At the end of 6% years, £1 at 5%, compound interest
becomes (1-05)°*

Proceedmg as at (k) above

()
£(1-05)¢ £(§) —£1J'—£1%/2

Now multiply by 86. 863x1:372=£118, which is very
near the correct amount.

Example (/) To evaluate 5v/30
Place the cursor line over 30 in LI, move slide so that 5

in C is brought under the cursor line and read the result 1-973
in LU opposite 10 in C, again using the cursor.

If the answer lies outside the range of the log-log scale, 7.e.,
is greater than 40,000 or less than 1-1, it may be found as
indicated below.

Example (m) Evaluate 2-1*°
(2:1)2°=(2-1%)%(19-45)° see (k)
(19-45)°=(1-945)*x 10°=27-9 x 10%
(see ()
=2,790,000
Alternatively
(2_1)20_:(2,110)2
(1670)*

(1670)® see (a)
(1-670)* < (1000)*
2-79 % (1000)*
2,790,000
Example (n) E\-aluate 1-2:2
1248 = (£2) _ (12)-»¢ _ 1-38
10 (10)-**  1-35

If the exponent is negative, proceed as with a positive

exponent and then find the reciprocal of the result.

SINES, COSINES, TANGENTS. The table on the back of
the Log- LOG and 5- 10 Rules gives values of Sines, Cosines,
Tangents and Cotangents, of all angles. Values should be
taken from the table and used in computations when necessary.

I

= 1-023

MONEY CALCULATIONS.

Calculations with sums of money expressed in pounds,
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or when less than unity the noughts immediately following the
decimal point. Divide by 3. If there is no remainder, use
the 1-10 of scale A, with slide to left. If there is a remainder
of 1 for integrals, or 2 for decimals, use 1-10 of scale A with
slide to the right. If the remainder is 2 for integrals or 1 for
decimals, use the 10-100 of scale A with slide to right.

CHAPTER 1I.

PROPORTIONAL PROBLEMS.

Time and Ground Speed Problems.

THESE problems are most readily solved by using scales A
and B, but if greater accuracy is required, scales C and D should
be emplo; ed. As most problems of this character involve the
use of the factor of 60 minutes, an index mark has been engraved
over the figure 6 on scale B. This figure has been chosen rather
than 60, because it is in the central part of the scale, and is
more convenient to use. It can, of course, still represent 6 or
600 minutes. The following examples will explain the procedure.

1. The ground-speed of an aircraft is 132 m.p.h.
Required the time to fly 224 miles.

Scale A Under 132 Under 224
Scale B Set 6 Read 101-9

The result is in minutes, thus to the nearest quarter of a
minute the time taken is 1 hr. 42 mins.
2. The ground-speed of an aircraft is 102 knots.
How far will it travel in 36 minutes?

Scale A Under 102 Read 61-1
Scale B Set 6 Over 36

Answer: 61-1 Nautical miles.
3. An aircraft flies 184 miles in 12-5 minutes.
What will be the ground speed ?

Scale A Under 18-4 Read 88-4
Scale B Set, 12-5 Over ©6

Answer 88-4 m.p.h.









number of degrees read between the Air Speed and the Ground
Speed markings equals the Drift Angle, ie. the difference
between the Course and the Track. Above the Drift Angle
on scale S2 read the Wind Speed on scale A. Under the Air
Speed read the Wind Direction as an angle on the bow or quarter
of the Track, or under the Ground Speed as an angle on the
bow or quarter of the Course. Note that if the G/S is less
than the A/S, the angle is on the bow, and if the A/S is less
than the G/S, an angle on the quarter.

Example: Course 137°T. Air Speed 150 m.p.h.
Track 142°T. Ground Speed 130 m.p.h.

Mark the scale A at 130 and 150. Adjust the slide until a
difference of reading of 5 degrees on scale S2 is obtained between
the above markings. In this example 29° and 34° will be found
to correspond. On scale A above 5° read 23-4 m.p.h. (Wind
Speed). The Wind Direction is 34° on the bow of the Track,
and is therefore 108°T as the Drift is to Starboard.

To find the Wind Speed and Ground Speed, knowing the Course
and Air Speed, Drift Angle, and Wind Direction.

This method is particularly useful when a flight is being
made over the sea, and it is desired to know the Ground Speed.
In such cases the Drift Angle can nearly always be found by
a Drift-Sight or back-bearings of an object dropped from the
aircraft, but it is not such a simple matter to determine the
Ground Speed. It is a known fact, in a steadily moving air
mass, the difference between the Wind Direction at the surface
and the Wind Direction at a reasonable height remains nearly
constant with the changes of surface wind direction.

This difference can be ascertained at the departure point,
from meteorological information available, and applied to the
direction of the surface wind, obtained during the flight by
bearings of the wind lanes on the sea surface. It has also been
found that in practice a reasonably accurate forecast of the
direction of the upper winds can be given by a meteorologist,
whereas difficulty is sometimes experienced in forecasting the
speed. The wind direction can also be ascertained by noting
the direction of movement of cloud shadows, on the surface.
With these various sources at the navigator’s disposal little
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of the dividend, but if the answer is found opposite 10 in C
the number of digits preceding its decimal point is the same as
the difference between the numbers of digits appearing before
the decimal points of dividend and divisor respectively. When
the numbers to be multiplied together or divided are of values
less than unity, the number of ciphers immediately following
the decimal points must be taken into account and reckoned
as negative in the application of the rules for fixing the position
of decimal point in the answer.

SQUARES. Numbers may be squared by multiplication
direct, but results are more readily obtained by reading in
scale A the squares of numbers directly opposite in scale D,
the cursor or, preferably the slide, being used to project from
one scale to the other.

The calculation of the area of a circle from the diameter
is a computation often desired. Find the number representing
diameter on D and bring the 1 or 10 of scale C into coincidence
with it. The answer appears in A opposite the line at 785 in B.

SQUARE ROOTS. The square roots of all numbers in
scale A appear directly below in scale D. Since, however, any
number appears twice in scale A, care is necessary in selecting
the one to be used. The rule is :—If the original number has
an odd number of digits preceding its decimal point, or, when
less than unity, has an odd number of ciphers immediately
following its decimal point, the left-hand half of scale A must
be used. When the number of digits preceding, or the ciphers
immediately following the decimal point in the original number
is even, the right-hand half of scale A must be used.

CUBES of numbers may be found by repeated multiplica-
tion, or more quickly by moving the 1 or 10 of scale C into
coincidence with the number to be cubed in D, and reading
the answer in A directly opposite the original number in B.

CUBE ROOTS. Find the number whose cube root is
required in scale A and place the cursor line over it. Move
the slide until the number in scale B, directly under the cursor
line, is exactly the same as that in D opposite 1 or 10 in C.
There will be three positions of the slide satisfying these
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17 in C. Approximate cancellation of the numbers will fix
the position of decimal point in the answer. 22-5 divides
86-2 approximately 4, and the 4 thus obtained divides 11-45
nearly 3, which leaves 6 in the numerator when divided into
18 ; -8 into 1-7 gives roughly 2, and the result is approximately
6x2x-05=12x-05=-6. The answer, therefore, is -627.

Frequently the position of decimal point may be determined
without resorting to the approximation indicated above, e.g.,
suppose the fraction 2(1) is desired as a percentage. Using the
Slide Rule to divide 519 by 697, the result, 745 obtained, is
obviously 74-5 per cent.

Those using the Slide Rule for the first time are advised to
master the operations of multiplication and division, as explained
above, before veading anv further. Practice with simple numbers
giving results easilv checked is recommended, e.g., using scales (
2x12x6

d D ev e o
ana evaliate T

and see if the answer is 4. Now repeal,

taking the numbers in a different order, and see if the result is the

same. Take note of the time saved by dividing and multiplying
alternately, as described in the example given earlier. Half-an-
hour spent on similar simple examples will suffice to teach the use
of the rule for the fundamental operations of multiplication and
division.

The following rules, based upon the manipulation of the
Slide Rule, are sometimes used to fix the decimal point, but
their use is not recommended. In multiplication, when the
1 of scale C is used in the setting of the slide, the number of
digits occurring before the decimal point of the answer is one
less than the sum of the numbers of digits appearing before
the decimal points of the original numbers. When the 10 of
scale C is used in setting, the number of digits before the decimal
point of the answer is the same as the sum of the numbers
of digits preceding the decimal points of the original numbers.
When dividing, if the answer appears opposite 1 in C the
number of digits preceding the decimal point of the answer
is one greater than the difference obtained by subtracting the
number of digits lying before the decimal point of the divisor
from the number of digits appearing before the decimal point
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difficulty is usually encountered in finding the wind direction.

Example: Air Speed 110 Knots. Course 136°T. Track 142°T.
Drift 6 degrees to Starbd. Wind direction 348°T.
The difference between the Track and Wind direction is
206 degrees. The Wind angle is therefore 26° on the quarter,
a tail wind. Therefore 26 degrees added to 6° (the Drift) will
give the angle to use to find the Ground Speed.
Scale A Under 110 Read 26-2 (Wind Speed) Read 133 (G/S)
Scale S2 Set  26° Over 6° Over 32°

Answer: Wind Speed 26-2 Knots. Ground Speed 133 Knots.

To find the New Track and Ground Speed after an alteration of
Course.

This method is not mathematically correct, but is sufficiently
accurate when it is desired to know the Track and Ground
Speed immediately after an alteration of course. In practice,
Drift should be checked by observation as soon as possible
after any alteration of course, so it should never be really
necessary to calculate the D.R. Track.

Example: Before alteration of Course the Track was 045°T.
Wind Velocity 20 m.p.h. from 095°T, True Air
Speed 140 m.p.h. Drift 6}° Course steered 051°T.
Course is altered to 120°.
The wind is now 25° on the Port bow of the air-
craft, previously it was 44° on the Starbd. bow.

Scale A Under 6-:25 Read 3-8
Scale S2 Set  44° Over 25°

The New Drift is 3° 48, and the New Track is therefore
124° to the nearest whole degree.

To find the New Ground Speed :

Scale A Under 20 (Wind Speed) Set Cr. to 140 (Air Speed)
Scale 52 Bet 3° 48’

If the Angle under the Cursor is not an even degree or half
degree, adjust the slide accordingly, to bring the half or whole
degree under the Cursor. Then move the Cursor 3° 48’ to the
left (as the wind is ahead) and read on scale A the New Ground
Speed, 1221 m.p.h.

IX



If course is being altered frequently, as it would be if a
search of some kind were being carried out, it would be far
easier and decidedly more accurate to keep a plot of Air Courses
on the chart. When it is desired to know the D.R. position,
the total windage affecting the aircraft during the search can
be applied to the air position. This can most effectively be
accomplished by plotting a wind scale, sub-divided into intervals
of, say, five minutes. The distance that the aircraft has been
blown downwind can them be conveniently stepped off with
dividers from the air position.

Thus if the air courses flown have totalled 55 minutes from
the last fix, then 55 minutes of wind is used. The wind scale
is, of course, constructed to the same scale as the distance
scale of the chart or map.

It should always be borne in mind that the errors of D.R.
Navigation are accumulative ; therefore the more observations
of Drift, Ground Speed, or position that can be made, the more
accurate will be the final result.

It will be seen in all these problems that the Drift Angle
is always subtracted from the Wind Angle to the Track for
Head Winds, and added for Tail Winds. Little difficulty will
be found in remembering this, for it will always be readily
reen when using the Slide Rule, for a Head Wind will always
seduce the Ground Speed, and a Tail Wind will increase it.

INTERCEPTION PROBLEMS.

In theory, the most accurate method of determining the
Course to steer to intercept a moving surface vessel is by plotting,
and for examination purposes this is the safest method to
adopt. In practice, however, this very seldom works out,
because changes of wind or weather en route often necessitate
an alteration of Course, and consequently the time and labour
spent in solving the original problem is wasted. Again, the
problem often arises—when the ground speed during the flight
1s not what it was estimated to be—how much has Course to
be altered ? Theoretically, a new interception problem should
be worked out, but this is a rather lengthy procedure. The
following method, using the Slide Rule, gives a simple solution
to this type of problem.
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be used instead of the 1. Tor example, if 25xX45 is to be
computed, the procedure is :—Set the 10 of C opposite 25 in
D and coincident with 45 in C, the result, 1125, will be found
in D. Scales A and B may be used for multiplication if desired,
the result will always be on the scale, and the slight delay
occasioned by the double setting avoided. It is for this reason
that the upper pair of scales is sometimes employed in multi-
plication, but greater accuracy will always be obtained when
scales C and D are used, and their use in multiplication and
division generally is strongly recommended.

In this example the answer is 1125, but the manipulation
of the slide rule would be exactly the same in the multiplication
of any two numbers in which two five, and four five are the
only significant figures, for example, 25xX45=1125; 2:5x45=
112-5; :25%4-5=1-125; -025%-45=-01125. The position of
the decimal point in the answer is easily determined by inspec-
tion. When three or more numbers are to be multiplied together,
the computation is effected by a series of operations, the cursor
line being used to mark the intermediate answers until the
final result is reached.

DIVISION. Set the slide so that the divisor on scale C is
coincident with the dividend on scale D, the result will be
found in D opposite 1 or 10 in C.

For example, suppose it is desired to divide 13-9 by 5-65.
Adjust the slide so that 565 in scale C is coincident with 139 in
scale D.  Opposite 10 in C will be found the result in D, viz,,
246. Inserting the decimal point, the result 2-46 is obtained.

In computing the value of an expression such as the
, 86:2x-049x18x1-7
following : = 5%11-45% -8
multiplication of the four numbers of the numerator, followed
by division scparately, by the three numbers of the denominator
will give the result, but time is saved by dividing and multi-
plying alternately. Using scales C and D, find 862 on D, and
bring 225 on C into coincidence ; adjust cursor line to 18 in C,
then move slide to bring 8 on C under cursor line ; move cursor
line into position above 49 in C and adjust slide so that 1145
in C lies under cursor line ; read the answer, 627, in D opposite

it is evident that repeated
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SUPPLEMENT
Reprint of Instructions for other types or ¢ UniQuE’ Slide Rules

‘UNIQUE’ SLIDE RULES

SINCE the operations of multiplication and division occur

so frequently in the computation of numerical results, any

mechanical means of performing them rapidly is valuable.
Various forms of Slide Rulesare obtainable, with the aid of which,
results, sufficiently accurate for most purposes, may be readily
obtained. Compared with ordinary, or contracted methods, or
the use of logarithms, computation by the Slide Rule is less
laborious, less liable to error, and very much more expeditious.

An illustration of the 10in. *“ Unique ”’ Log-I.og Slide Rule
is given on pp. 20 and 21 and an inspection of the rule itself shows
that the essential parts consist of four scales, denoted for
reference in the illustration by the letters A, B, C and D, and
a log-log scale running along the top and bottom edges, denoted
by LU and LL. A transparent cursor with a fine line drawn
across it is supplied to assist in certain operations.

The scales are in all cases divided in decimals, and practice
in reading them may be necessary. It is obviously quite
impossible to number every division, and in reading a position
in any scale the nearest number to the left, or to the right,
must be carefully observed, and the divisions of the scale followed
until the exact position is reached. For example, in the
illustration of the rule, the cursor line is standing at 1-748
in LU, at 31-21in A, at 37-8 in B, at 6:15in C, at 56 in D, and
at 270 in LL.

(The comprehensive numbering of the scales is a distinctive feature
of the Unique Slide Rule, and in this respect it is superior to the more
expensive instruments, most of which are numbered in an inadequate and
misleading manner.)

MULTIPLICATION is effected by using scale C in con-
junction with scale D. Supposing multiplication' of 15 and 45
1s desired, the procedure is :—Move the slide so that the 1 on
C is brought opposite 15 on D, and read the answer 675 in
scale D, opposite 45 in scale C. In some cases when the 1 of scale
C is used, the answer is off the scale, and the 10 on scale C must
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Example: Bearing and distance of ship 012°.282’.  Ship’s
Course and speed 125° 17 Kts. Air Speed 120 Kts.
Wind Velocity 22 Kts., from 247°.

Find the angular difference between the relative bearing
and the ship’s course, ie. 125°—12°=113° or 67° on the
“quarter ” of the relative bearing. Estimate the Ground
Speed of the aircraft. This can be done quite roughly, as a
few knots either side of the correct Ground Speed is negligible.
Ground Speed is therefore estimated to be 125 Kts.

Scale A Under 125 (G/S) Under 17 (Ship’s speed)
Scale S2  Set 67° Read 7° 11"

This will give the angle the Track Out makes with the
relative bearing. The Track is therefore 019°T.

Find now the angular difference between the Wind direction
and the Track. 019° +180°=199°2+-47°=48° on the quarter.

Scale A Under 120 Under 22 Read 1334
Scale S2 Set 48> Read 7° 50’ Over 55° 50°

As the wind is a Tail Wind, 7° 50" and 48° are added, and
the true Ground Speed out is 133} Kts. If the first part of
the problem is rechecked, using the correct G/S of 133} Kts.,
it will be seen that the angle between the relative bearing and
the Track is still approximately 7 degrees.

The Drift has been found to be 7° 50’ Starboard. The
Course to steer is therefore 011°.

If, after the Course has been set, an alteration in the estimated
ground speed is discovered, the amount which Course has to
be altered (to maintain the relative bearing of approach) can
be found by carrying out the procedure adopted in the first
part of this example, using the new ground speed, and thus
finding the new Track to intercept. This Track can then be
maintained by Drift observations and slight alterations to
Course. During the latter stages of the flight, if large changes
of Drift or Ground Speed are found, a new relative bearing
should be measured between the calculated D.R. positions of
the ship and the aircraft, at the same instant of time. If this
is done for a few minutes ahead, and a change of relative bearing
is discovered, the new Course to steer can be determined by
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To find the Rhumb Line Distance.

Scale S1  Set Cr. to 19° 30’ Under R.I.
Scale B Set 317 to Cr. Read 951

Rhumb Line Distance 951 Nautical miles.

Distances of over 200 miles should always be calculated in
preference to measuring the distance by dividers on the map
ot chart. Again, it is always easier and more accurate to
calculate the Track and distance between places which are not
on the same map or chart sheet. A little practice with the
Slide Rule will enable this problem to be solved more accurately,
and in a shorter time, than it would be if Traverse Tables
were employed.

The Great Circle Track and Distance, ete.

In Air Navigation, the Great Circle Track has other uses
than the saving in distance during a long flight. It can be
used to avoid ranges of high mountains or prohibited areas,
without increasing the distance flown, and in flights, when it
is desired to bring the track of the aircraft within visibility
distance of some landmark, to assist navigation, when by
flying the Rhumb Line Track the landmark would have been
missed altogether. It is, of course, not always possible to
utilise the Great Circle Track in this manner, but these advan-
tages should not be forgotten when planning a flight of even
moderate distance.

To calculate the problems involved, by spherical trigo-
nometry, is a very tedious procedure. When, in order to shorten
the work, short tables are employed, an added disadvantage
is encountered, namely the necessity of having to choose two
points near the departure point and destination to obtain
angles to fit the tables.

By using the Slide Rule all these difficulties are overcome,
for the solution is both rapid and accurate, and the actual
positions of the chosen places can be used.

To Calculate the Great Circle Distance.

Formule:
Tan Lat. Ax<Tan Lat. B-+-Cos D. Long.
(If Lat. A and B are in the same Hemisphere.)
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220 m.p.h. is the G;S Out against the head wind, and
239 m.p.h. the G/S Home.

220 +239==459.

Scale C  Set L.I. Set Cr.to 239 Set 459 to Cr. Under 3-5
Scale D Over 220 Read 401

Radius of Action is therefore 401 miles.

The time to turn is found from the time required to fly the
401 miles at the Outward G/S.

To find the Error in Track from a Position Line Parallel to the
D.R. Track.

When navigating by astronomical observations, every advan-
tage should be taken to observe heavenly bodies abeam of the
aircraft, as the resulting position lines will give a good indication
of the true track of the plane.

If no terrestrial observations have been possible since the
departure, it will be desired to know the error in the course
being steered. This can be easily found as follows.

Example: After flying 186 miles an observer obtained a position
line placing the aircraft 38 miles to starboard of the
D.R. Track. Find the error in the track.

Scale C  Set 186 Under L.I.
Scale D Over 38
Scale T1 Read 11}°

The Track error is 114°.

This method can also be employed when navigating over
land, or when D I° W/T bearings are being used. It can also
be used to give the alteration of course required tc reach a
certain destination, when of course the distance of the aircraft
from the destination should be used instead of the distance
run since departure.

It might be noted here that when sights are being taken to
make a running fix, a sight of a heavenly body on the beam
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