{¥) In the central area of the computer disk, corcentrically obout the pivel point, aircraft alfi-
tudes |n the Quadranial Height System ore fobuloted to recall o memory the prescribed flying
heighis within the ranges for L.E.R. and V.E.R. flight.

Flg. 2¢ Rear Foce of ANISTO AVIAT &10, 615
3. Everyday Arithmetic

Seales (b) and () ere two elreular logarithmic scales, timilar fo the scales of the conventional
wﬁn of tlida rule. As such, they are vred for every kind of computation involving mulfiplicatian,
Iwision, praportion and “rule of three” problem.

1.1 Reading the Scales

Axin any lagarlthmic scale, the Intervals decrease progressively in widih in clockwiie direction.
The system of subdivision, thereflore, changes between the ranges @i — 20, 20 — 50 and 50 —(fy
The vser shauld study this system carefully, The sample setiings in fig. 3 exemplify the differ-
ences In readings taken within the three ronges,

fleadars nol akilled In slide
rule manipelations will soon
be able fo read fhe scales at
tight after a liftle systematic
proclice with o number of
different values,

As with any canventicnal slide rule, the location of the decimal point connol be determined
with the computer because its scales only lake account of the significant figures of o number
in thelr correct arder. When, for instance, the answer fo a problem sef on the computer is glvan
as 12, this may stand for 012 or 1.2 or 12 or 120. .. In prociice the magnitude of the answer s
usually unmistakably clear from the outsel. Where doubls arise, @ quick opproximalive
campulation with strongly rounded-off Tactars setiles the guestion,

The Initlal line of the scale is called the index and is morked gy, The large numerali 20, 30 etc.
divide the scale Into I principal intervals and the graduations of the ndmbers give the first
decimal place In the answer to a caleulation. The smaller figures — or the extended gradu-
ations — within the principal intervals give the second plece of decimals, whilst tha smallest
gradualions provide the third place. This may need jo be found by inferpolation between
graduations.
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1.2 Multiplication

Identical in principle e selullon by lables of
logarithms, seclions of the rotating inner scale
are added (gesmelricolly) fo sections of the
stationary outer scale. Thus, in the exampla
32 x 1.4, tho index gfy of the inner scale is aef
opposite 32 on the ouler scale. The answer 44.8
then oppears over 14 on the outer scale, The
usa of the rotary hairline indicator facilitales
the cperation.

3.3 Division

As division I8 the inverse of multiplication, the
order af the steps described above |z simply
revarsod, With the cursor halrline, sef 14 on
the Innar scale o 44.8; of the outar scale, The
quationt 32 then appears over fhe index mark
i of the inner scale,

A4 Multiplication and Division Combined

In problems af the fype n ”...u the division olwoys comes first and the multiplication of the
A48 3
quotient by b follows. In the problem W tha divislon 44,8 < 1.4 Is done o3 jusl explained,

Withaut stoppling to read the answer then sl the halrline lo 3.4 of the Inner seale and, appasile
this valus, read the answar 1008 on {he oufer scale,
327 % 5.92 % 0.453

128

200 % 5 =12
100

Example:

Roughly ws 7.5 (approximate magnifude of the answer)

Procedura:

{1) Halrline aver 327 of ouler scale

(2) Turn 128 of Inner scale under halrling

(3) Hairline aver 5.22 of Inner scale

(4) Index gy moved under halrline

(5) Halrllne meved lo 0453 of Inner scale

{6) Under hairline read the answer 6.04 on the ouler scale

1.5 Proportions

Many typical alr navigation problems can be easily exprossed In the more usable form ol
propartion, When the given rafio is set with the terms opposile each other on the fwo scales,
the same ratio prevails throughout the entire range of the scales.

The example In par. 3.4, reduced o proportion farm, would read
44.8 106.8

—— e ————

1.4 3.4

The |ain! between the scales may be regarded as the dividing line in o comman fraction.
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Example of a percentage problem: Original fank contents 7401

Consumptign &47 1
To find: Consumption in per cent of the original
contenh.

The contents 350 is te 1009, o3 the consumption i
{o the required percentoge.

F60  &4T

00T x
Answer; x = §7.465%.

Example of a time conversion problem: Given the flying time 0.43 hours os resulling in a
time-distance-speed problem (ee par. A.11). _
To find the equivalent in minutes,
Since 1 h = &0 min, write the proportion
1 0.43

&0 = _
Sel the Hour Mark A opposite the Index (. |
Aotary Index to 43 on the outer rim scale, On the 1
adjocent rim scale read x = 258 min,

4, Conversions between Metric and British/US Standards

The Index giy on tha rim seale (b) is labelled “m" “km" “Lir" ta show thot all three mefric units
are set or read ot this ane mark, to oblain or convert the various non-metric unit whose lobels
ate conspicususly printed and graduated on the circumference of this scale.

Fundamenially every conversion commances by setting the value lo be converted on the inner
scale under the mark of the given unit. The result is then read from the rofary Inner icale
agalnst the mark for the required unit, In the following figures the first selling s encloted in a |
cirele and arrows peint out the direction of retation of the indicator. |

&0 Conversion of Lengths and Distances

411 Given: 31
Required: volue In yords and m % ﬁ

i: 311 = 1yard = 0.915m e
Result: 31t = 1 yar @

Turn scaola value 30 under i mark and read 10
rasult from rotalable scale under the cor-

o &
responding mark for yards or mefers. o

412 Glven: 17'm
Required: Value in yaords and 0t
Result: 18,59 yards, 55.8fi

4,43 Given: 172 stal miles
Required: nowt miles and km
Resull: 149.5 naul miles, 277 km

Fig- &

1z

4.2 Conversion of Liquid Measures

421 Given: 23501
Required: Imp gal and US gal

Result: 517 imp gal,
&21 LS gal

4.2.2 Glven: 173 LS gal
Required: Imp gal and |

Result: 144 imp gal
4551

— Vhaly —-— @
52

4.3 Caleulation of Welghts from Liquid Measures 0510

For the conversion of liquld measuraes of specific gravilies 0.85 12 0.95 Inte thelr equivalents in
walght, there ara twa scales aleng the exirema rim of the outer ring, ane for conversions infe
kg, the slher for conversions Inte pounds. For any given number of litres or gollons the equl-
valant welght In kg or |b can be detarmined. The arrow boaring the marke kg and b (s used in
canverfing from ane sysfem to the athaer, The compuler converds an the bosls of British Standard:
1 imp gol = 4,546 kg = 10,0253 1b;

1 kg = 2.205 Ib. As an appreximatian, 1 gallan is affen assumed equivalent 1o 10 Ib,

Sel the fuid quantily 1o be convaried an the relaloble [nner scale (c) under the apprepriale
mark {l, imp gal, or US gal) on the auler scale {b) and lurn the Indicator over the specific
gravily valua of the liquld on scala (a),

Read under the Indicalar from the Inner scale the welghl corresponding fe the given fuel
quanfity. The walght will be shawn (n kg If tha Indicator was et over the speclfic gravity scale
laballad kg ar will be shown in Ib If the indicater was set ever the scale labelled Ib, With these

marks the agulvalents of welghts In pounds and kilagrams can be found directly as described In
par, &1,

531 Given: 234 US gal,
spac. grav, 0,72

Required: weight In kg and Ib
Hesult: 637 kg, 1407 1b

4.3.1 Given: 156 Imp gal,
spec. grav. 0.74

Required: Welght In Ib
Resull: 1157 |b

Fig. 12

5 Time and Speed Conversions

The differance between conversions of this fype and those [us| described consists in that the time
and speed marks are printed on the movoble seale (), Hence the mark labelled with the given
unit iz sat opposife the given quantily an the slationary scale. The result can then be read opposite
the mark for the other unil.
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5.1 Conversion of Times
5.1.1 Reduction of Minutes to Hours

Qn the minute scale (c) and the hour scole (d) the respective equivalents of 1 fo 10 hours are
aligned fo each other. On the Inner rim of the black circle the hour scale i1 extended fo
20 hours = 1200 minules. The AVIATIET 647 has marks for two hours enly — 11 and 12,

51.2 Reduction of Minutes to Seconds with the Marks A& and _.Hﬂ

Given: 17 minutes
Required: Equivalen! In seconds __a.....__..._ _g—
Result; 1020 seconds :

Mote that the hour mark A, it used for both
haurs and minutes. As fig. 13 shows, the
solution Is analogous when the problem iz
stated in reversed order.

Fg. 13

5.2 Conversion of Speeds
52.1 Reduction of m/sec to km/h

By resson of ils coincidence with the gradualion line for 34", the _I-Hnl_ mark alie simplifies
convarilons between hours and seconds, in consideration of 1 hm 34600 3ec ond 1 mfsec=3.6km/h,
¥hen, for Instance, the mark @& of the minufe scale (c) is malched with 35.8 mfs on scale (b),

the mark TI_H supplies the arawer 129 km/h.

5.2.2 Converslon with the Marks mjsec and Mi/min

il

Given: 500 f1/min L4t 50

Regulred; m/sec

Resuli: 2,54 mfsec wle 2\_.:_____._
Fig. 14

6. Distance-Time-Speed Problems

Problems of this kind are wswally glven in rule-ef-thres form but can easlly be changed o the
mare usoble praportion form (ses par, 3.5).

41 Time or Rate of Climb and Descent

6.1.4 Exampla: An aireraft 15 fo climb frem an allitude of 2000 ft 1o 11000 fi at the rate af
700 fifmin. Required I3 the fime to climb the altitude difference of F000 fi.

The rate af cllmb 700 ftfmin means that the eircralt climbs 700 ft in one minufe. Honce the first
rafle in the proportion s T00: 1.

700 §000
Therelore: o i

climb 700,
Reading! Read durafion of climb 12.85 min
Trom the movable scale under the
oltitude difference $000. 0 f2gs
Duration of climb 13 min g 15

Setting: Sef movable g} under rale of e
S

Result:

14

6.1.2 Example: An alreral) descends BSOD ft in 14 min, required is the rote of descent.

B500 ®
Propartian: ik g0l e
Setling: 14 under B85
Reading:  &07 over g & - o
Result: Rate of descont 407 Afmin

4.2 Distance-Time-Speed Problems
621 Given:  Ground speed 246 ki
Distance 745 MM
Required: Flying time
Approach: Knots are nautical miles per
hour, accordingly:

kb Th3

. & ®

Flg. 17

Sefting: Sel hour mark A, of the Hime scale agalnst the ground wpoed 246 an the ouler scale
(distance scale).

Reoding: Read under distance 745 an the distance sealo the flying Hime 182 min = 3:02 h
fram the lime scale, White scale for minutes, black for hours,

822 Given: Distance 412 km 9
Flying timo 1 : 28 h = 88 min 18}
Required: Ground spaed .
Seftlng:  Set flylng time 88 min an tha time v e
scale under the disfance &12 km Figi 18

on the distance scale.

Reading: Read over the hour mark A of the lime scale the ground speed 281 km from the
digtance scale, By a lucky colncldence the logariihmic Interval seporaling the mark
fifmin from the hour mark A, Is numerically opproximetely equal to the converslon
facter between kmfh and ki, Thus, opposiie fijmin we con olso read the speed In
knobs: 153 ki, The strictly carrect reading would lie iwa division linet to the lefi: 132 k1

Ground spead 247 ki
Flylng time
2:16 h = 136 min

Required: Distance flown

Seiting: Set haur mark A, under ground
speed 247 ki on distance scole.

6.2.3 Given:

Fig, 1%
Reading: Read aver flying lime 136 min on the fime scale the distance fown 560 MM from the
distance scale.

6.2.4 Polnt of Equal Time (Critical Point)

If far example engine trouble sccurs during flight [t is important for the pilot te know whether
the airpart of depariure or the airport of destination can be reached sooner, mu.w this purpose
the Point of Equal Time (P.E.T,) or Critlcal Palnt (C.P.) Is defermined, |, e, the point fram which
the cantinuation of 1he flight 1o the destination would require the seme Hime as the return flight
ta the paint of departure, The formula used is:
. .._,.1 » ﬂmmr.w_.?q
Pusals _...u__mﬂE + Dm.E:._-_

Whare .ﬂﬁ.m.ﬂ, = Flying lime e Point of Equal Time,

T, = Time to fly from base to destination (flight plan time},
= Ground speed on flight out {ground speed out),
= Graund speed on refurn flight (grownd specd home).

T (Time formula)

GSour
nwm—-_.u..rfm
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The distance from the point of departure to the Paint of Equal Time (Critical Point) is calculated
by means of the fallowing formula:

D %G8,
RET. ™

ﬂm_..._ﬁ + .mm___.!.:.
Where D, . . = Distance {fram base to P.ET.

)

(Distance formula)

B, = Distonce from base 1o destination.

These equalions may be Iranspesed fo the more convenient proporfion form, as follows:

SShome  _ Teer o PPET.
_ﬂmu:_ + nM_.__u:..._- .._rm Uk
Example:
Givan: Distance to destination Uu = 920 MM
mwo..._ = 240 ki

GS,y e = 210 kt
Flight plan lime

._-1 o= 3:50 h o= 230 min

Required: Flying time 1a P.ET.
distanen Dy o

Intermediate calculation:
G Sk G S, = 50K

sglling:  Set [ndicalor over G5, =210 on the outer scale and sel Ihe sum
G5, i + G5, ., = 450 on the rofatable inner scale undar the index hairline, With
this setting ond {n accardance with the above mentioned proportion the corresponding
flying times T ar the distances D will appear opposite each other,
Reading: 1. Turn hairline lo Ty = 230 on the inner 1cale and read Tp et = 107.5 min from
the auter scale, S
2, Turn indicator over D, = 920 on the inner scale and read Dyppr, =430 NM frem
the outer scale. .

Rasuli:  The P.ET, will be reached after a flying time of 107.5 min. The distance Mown will
then be 430 MM, ]

4.2.5 Determination of the “Point of Mo Return®

The Painl af Mo Return depends upon the endurance of the alrcrafl, Alter pasing the Point of
Ma Raturn the remaining fuel will not be sulficient for a return flight 1o the point of depariure,
Tha flight can enly be cantinved ta the destination or 2 an elternate airfield, Also the Paint of
Sofe Relurn i offen fo be determined, the cafculation of which i boted vpon the amount of
available fual after deducting the required reserve.

The farmula far the Polnt of Mo Return is:
Ex G5 ...
PR = GS, F Gopgme

{: 1%} }

T

(Time formula)

Where Ty, = Flying time to Polnt of Mo Return
E = Enduraonce

This formula is of the same type as the P.E.T.-formule so that here agoin the same pro-
pertion Is valid:
._.w.r_.h. ﬂﬁ??ﬂﬂ

E nwﬂc_ +6G mg_.a.l
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Exgmple:
Given: Endurance &: 30 h = 390 min
G5 = 240 kt L
ul min
G5 + G5 = 450 ki Fig. 21

(-111] horme
Required: Point af Ma Return, dislance

Setting:  Sel GS, ., over G5, + G5 ., 0% shown in por, 624

Reading: Read flying fima ta Paint of Mo Return from the ouler scale over the endurance on
tha inner scale,

Result: The Point of Mo Return will be reoched affer o flight of 182 min = 3:02 h, If the
paint s to be |ocoted geographically, deformine the distance ta the Point of Mo feturn
by means of G5, accarding fo the usual lime-distance colculation (see por. 6.2.3)

Tha distance |s 728 MM,

7. Fuel Consumption
T4 Given: Consumption 220 imp gal per

haour, speciflc gravity of Tual 719 g
0,72 and flying lime
3:24 h = 204 min _

Raquired: Tefal consumption and walght 04
of fuel in lh Fig. 22

SeMing:  Sel hour mark Ay of the time
seala undar the hourly cone
sumplian 220 on ihe auler scolo.

Raading: Read tetal cansumptian 746 imp
gal from [he owler scala ever
fiying tima 204 an the fimo scale.

Intermediate result: Tolal  consumption
T4B Imp gal

Canversian fa weight: (soe par, &,3.2)

Result: 5390 b

7.2 Glven: Toetal consumplion
1470 US gal
Flying tima Fig.23
4508 o= 245 min

Fequired: Censumplion per hour

Result: 3460 US pal

7.3 Givan: Hourly censumpilon

320 gal,

Fuel avalloble 1460 gal AL 329
Required: Maximum flight duration
Sentling: Sel haur mark of the Hme scale Lmin

under hourly consumplion, 71 i
Reading: Read opposite expendable fuel L3k

an the outer scale the maximum Fig. T4

flight duration 274 min {from the

fime scala,

8. Pressure Pattern Flying

B.1 Calculation of Cross-Wind Component ¥V, from Pressure Comparison
The farmula for the caleulatian of the cross-wind companent is:
Cx{Dy— Dy

sing % AD

M, =
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where: C = conslant 21,47
7 = mean lafitude between points of pressure compaorizon
Dy = difference value in it for the first meosurement

D, = difference volue In f for the second measurement
AD = oir distance in MM

The latitude scole on the inner disk of the
computer fakos core of theterm —— in the

ohove equation, I, e. the “KJadar"”, which
|eads 1o the simplified equation:
D, =D
Vo= i1 wK
n AD

Example: 10:00 h Absolute helght abeve 1ea level

(Radio Altimeler): ...... cewsas 102460 R
Pressure aliifude: .. ....... 101000
U.. Gosaisdaiesdaii s vinsa s 10N
10:50 h Absolute height above sea le 10050 ft
Pressure allitude: . ... ., 10100 1t
Du R e SRR e e 3 1 1 |

D — Dy = — 50 — (4 140) = — 190
True Alr speed = 220 ki

Alr Distance (In 50 minutes) = 183 NM
Mean Lotitude: 49 N

The valua Dy — Dy is negative. This Indicates that the aircraft Is flying from en

areo of higher pressure lo one of lower pressure. Under these conditions, accord-
Ing to the Buys Ballot's wind law, in the northern hamisphere the wind ks blawing
fram the left. The cross-wind componeni i3, therefore, posifive.

Solting! 5ol difference af D.values 190 on Ihe ouler scale (DISTANCE) opposite the air
distance 183 on the edge scale (MIN) of the Inner disk. Turn hairline over mean
latltude 49" on LATITUDE scale.

Reading: Under hairline read cross-wind compenenl V= 29.5 ki

8.2 Calculation of Beam Displacement (I )

The formula used is: K x (D, — D) Z  D,—D,
I =— —_=
n ET.AL K ET.AS

where; K = K-{octor (see poar, B.1)
_.._...._ = Difference value in ft for first measurement
Uu = Difference volue in ft for second measurement
E.T.A5. = Effective true air speed between measurements

The Z -value Is used for oblaining pressure lines of pasition (P.L.O.P)
18

Example: D — Dt = — 1701t
ETAS = 175kt
Mean latitude: 387 M

Setting:  Sel true alr speed 175 kit an rim
scala of inner disk under dif-
ference of Devalues 1700t on
outer scale and furn indicalor
over mean lotitude 389 an Fig, 26
latitude scale,

Reading: Read under hairline baam displacemaent Z, = 34 MM for the lime elopsed between
the first and second measurament,

Dy — Dy is negalive, therefore; for the lime of the second measurement, the beam

displacament Is o be plofted parpendicular to the heoding 34 MM to the right of the
respective air position,

8.3 Calculation of Drift from ¥, or I,

Tha determination of drill from the value of the cross-wind compenent or of the boam disploce-
ment will be described In par. 11.1.% dealing with the graphical selution of triangles,

9. Air Speed Calculations

2.1 With ARISTO AVIAT 410, 613, 815, 817, 618

Alr speed Indicatars are calibraled In accordance with Ihe Intarnotional Standard Atmotphere
al sea level, If the actual alr density ot the flight level differs from standard air density at sea
level the true air speed will daviale from the indicated alr speed even if the indicator s ree fram
defects or Instrument errers, The maln foclers governing alr denslty are alr pressure and
temparatura, Bacause af the relatlonship between air pressurs and alfitude pressore, altitude
may be used |n place of alr pressure for the calculation of true alr speed,

With tha ARISTO AVIAT &10, 813, 815, 617 and 618, air speed celevlatlons are carried out by
means of the scales labelled AlR SPEED {see flg. 1, 7). It should be noted that at high speeds,
due to campressibility heallng, the thermometer will indicate a higher than actual temperature,
Tharefore, the observed |smperature must be corrected bofore being used for setling fhe
computer. The temperature corroction s read from o double seale In the cantral part of the
AVIAT, E. g, for an air speed of 324 ki the thermometer rooding must be reduced by 10°C;
for 500 kt the correction s —23*C,

The temperdatura carrecilon scale can only give eslimal|ve values, sinco the magnitude of the
error caused through friclional heallng depends on the type and podltion of the thermomeler
bulb, Claser correction values can be abtained from the lable vswally furnished by the manufac-
turers of the parficular type of alrcrafll.

2.1.1 Calculation of True Alr Spead (T.A5.)

Givan: Rectified air speed (R.A5.)
Correcled oculside air lemperature (C.0.AT.) in centigrade;
Pressure altitude In f) or km,

Reguired: True air speed [T.A.5.).

Seiting:  Sef corrected femperature on the red scale (f) labelled "C.O.AT." against PRESSURE
ALTITUDE in km in the upper part of the window or ogainst pressure altitude in f1
In the lower part.

Reading: Read true air speed (T.A5.) from outer scale (b) over rechified air speed (RAS) on
mavable scale (g).

1%
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