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KEYBOARD LAYOQUT AND INDEX

0123456 789: Numers! keyt for data entry (paga |
.+ decimal point (page 10 .

B g El E‘ : Arithmatic opamtors (page 12}

() : Exacutes all sending arithmetle operations {page 12)
{ )+ To bagin and &nd a new et a.' arlthmetle

m M -

cperation during chaining (pape 12)

P

. (arersl Fupctiors

. Change slpn (page 10}
. Exponaps antry (psge 70}

5 Kay far antering nambaer i Hour/ Dogroe
Miriute - Second mode (pege 18}

Tukes reciprocal of dlaplaysp pumbes (page 14}
:  Sousring or tking square reot of display number
(pagu 14)

m ﬁ: . Aslging 10 the xth powver or taking the
ath, roat of y. (page 16}

Enchangs tha two aperands of arithmatic
operations. {(paga 171

™ =&
Gofed [an) i

Gamman abd natural loga-
rithm or -antlingarithm (page 14}

ozl tanl ;  Trigonomarric
and inwarse trigono-
matric funcrions
. {pape 15}
degr ¢ Torconvert the mode and the ditplayed numisar
In1o dagres or radian {papges +9)
: Genarotes the congtant = S.Eg'l 592654 (patgm 207
BT X sTor RCL2
. +10be racall or add displayed nurber 1o Mamary
1or2 {paga 21}
Koy for meieding the Abovathie-key-top funcrions
- (papge 104
4,

i

& e

Invarse key, used in unit CoOMyarsions {page 117

Cizar key that clears entry or arithmetic
operations (page 11)

A : Clmar all registers excepy meémories T and 2,
L (rage 11}

Vector Manipulation

the direction and magnitede of the 1=t or 2nd
vacTor in vector addition or subtraction (page 231

Executes the mpec!al navigation functions (page 22}

W+ V- Execu tos vactor addition or subiraction
DIR, 5FD Ratrioves the diraction or magnituge of

—r—— the resultant vector (page 23)
Parametars far Wind Triangle

(zn)

ey

For anturing or retrieving the wind directon
[page 30) -

for entering or retrieving wind spead {paga 34]

For entering or retricving the heading of an
aircrafy (page 20}

[TAT] :  Far entering or retrieving the True air spaad
ol an aircraTt (page 20)
EEE Far antering or retripving the course of an

aircralt {page 20}

For antering or retrieving the ground tnesd
of an aircraft (page 200

Gaoneral Parameter Entries

[CisT].

Far enmring or retrieving the distance benwesn the

mircraft ang its destination {page 37)

: Farentering or retrieving the
distences beTween two points

{used In P 2VDR, C COF,

N VOR {page 25, 25, I8)

Fer anmring or retrieving ditference n atwi

tide between DME statian and girsrgfy (Used
in DME calculation,) {page 24}

el

5.




Far entering ar-retriaving the speed of an alreralt
a measured by DME {used in DME calculation)
(page 24}

Distance Hown by aircrate {used in F QQEI
Calgulaticn} (page 25]

Distance off the plannad coursa (usod in
€ COR Calculation) {page 25}

Prmur'e Altituds [Dsed In MACH, DALT,
—

TAS, TAT-Calculatlons) tpage 29. 28, 27, 26]

a1

Calitrated Air Spead (Used In MACH, DALT,
1

TAS, TAT Caleulationt) {paga 29, 28, 27, 26)

1

indlcated Temperature {Usad in DALT, TAS,

TAT Calculstions] (page 28, 27, 26}

E@ ¢ EFE H

Tirme elapsed batwean Two evants [Usad in
F 1VDR ang P AME Calculgtions) (page 3a, 33}

=N [{Z} Readiogs from VORA staticns {Used In
F"JVOR PQVOF‘ OME N '[VDFl

N ZVOR calcula‘:lor‘ls] (Daw 34, 35 24,37, 38)
—

HEGT] [EBDGZ] :©  Bearings betwoen oblacta {used in
P ZVOE, M 2VOR! Ipagoe 35,38)

LAT, LWNG_, LAT LNG Entering orf retriev-

AR Al

ing the latitudes and longitudas of
the staring poinT and destination
{ugad in NBME and P RME}
{page 36, 331 f !

Function Definition Keys

OME :  Initiatian of DME fD¥stance Maasuring Equip-
y 1 meant) Spaad correction function (page 24)

C COR \nitiates the off courte correction function
' {page 25)

WIN DA Initiates the sclution of the wind rnangle

4 ! {pega 30-32)

MACKH : Initiates tha caleulation of MACH number

T {page 29)

DALT . Initiates The calculation of density aititide
{page 28}

TAS - immiates the calculation of [rue air spaed
{page 27

&,

TaT
P RME

PAVDA

E

N AME

NIvnpe
N 2vnR
(AN ARLE

nitiates the calculation ol Irae 3ir temperature
i 3
ipapge 26}

inltiates the feinction tinging current
position by Rhurd line (page 72

Initiarex tinding prsition by 1 VDR (pape 341

Initiates Linding positien by 2 VORs
[page 35;
Lritiates o by Rhwmbd ling [sage 36;
Initiates nawgarien by TWOR (page 34y

Initistes Navigalion by LVOR (page 1E,

T




HE OPERATING INSTRUCTIONS —

FUNDAMENTAL

1. Powar On
To switch on the caleulator, turn the switch
1o the lefr. Zero in display indicates that
power is on,

2. Display Formal
AT most, fourteen digits (including sings)
can be display®d on yaour calculetar,

Sampla display:

[(o 123458789 90

+ + E
sign of mantitsd  3igh  exp-
rmantissd of anant
axp-
onant

Tho mantizss iz a maximuam of Ten dighs
with of without a decimsl point. The sign
of the mantizta is positive if the sign of
the mantissa Tiald 15 blank and negative

1 1he sign of the mantisze Tiald conains
ar=r" sign.

The exponant i a maximum of two
digite, The sigh of yhe axponenT is pos-
itlve if tha sign of The éxponent fiald

is blank and negative I the sign of the
exponent figd contains a =" sign.

Your ealeulator has two display dot
indicators, one on the left end of the
display to indicate the uppar functon
kay rmode, ang the other dn the right
of the sacond exponent digit m =igh
ify radlan mode.

Tha Navipetpr 50 also has a busy

signal which appeare on tha lefy of the
left most digit of the display. The Dusy
signal i a dash which appears when »
combutaTian s being carried SuT.
Dispressing any key whilo the busy
signal 15 show(ng does not affect the
compuTation.

8.

Sample display!

2.1467549 g
in
radian
mode

Error Oigplay
If an improper operation 15 carried aut, the

_\:Ord ERRCF will appesr on your disalay
@ clear the ERAQA display, press i




Numerical Entry

Enter in @ positive number by pr?ssrng‘::zn
digit kays in proer, from Ief? to_r:ght. e
nor antered, The decimal Dofn‘K .‘s. assurg_ .
ba to the right of the 18ast significent digiT,
which is the last number enterad,

To enler negative numbers, simply enter as

B positive and Than depress

To enter BXponants, anmer the mantissa

{maximum 10 digis} and then depreﬂr
ang sntar o the exponent pumbe:

Imaxamurmn 2 agitsl. TO anTer in 2 neg-

= — | after
ative exponent, depress 3 T
entering in the pxpanant number.

Upper Funstion Control Key and Inversa

Ko [l (=3

key 15 daprossed when an upper

The o (functlons abows

case functian is require
key TOPs]

10.

The kery is required tor obiaining
The umT convartiont (from Uniy 2 1o
Unit ).

NOTE: 1} WHEN REQUIRING THE
UPPER CASE INVERSE
FUKCTIONS [SUZH AS
THE UNIT SONVERSIONS},
THE GRDER OF ENTRY

oF THE [F} aND [finuy

KEYS !5 NOT IMPORTANT.

2

IF TRE [F] KEvY 1S
ENTERED ACCIDENTALLY
DEPRESS IT ONCE MORE
TD REMOVE | T FROM
THAT MDDE,

Claaring

a. To clear any arroneGUs ARINY wihile
KGEDING PHIOr NuMmerical entriss ivtact,

Deprect once,
EXAMPLE. 4 52 [CICE] 4E] 1
Proaceing onee clears the dsplay.

b, To clear a ealeulrtion and ailow for the
anmering of another calcuiation, depreas

E}lwi:e succatsively,
c. To claar the memory registers, depress
DF =7
—
d. Toclear the calculatian ag well a2 the

MEMOory rangesters, sweitcn off the pavar
ard switeh i an eagain,




6. Simple Arithmelie
Four functions EIE]E 8, Parentheses { , )
To perform simpla addition, subtraction, N —
multiplication or division, simply entar as The use of parentheses is wery important
the problam appears: o in chained calculations becauss parentheses
Example x + y + 7 allow the user to anter the equation exactly
a3 it is written:,
KEY ENTRY DISPLAY EXPLANATION To iliustrata this paint, the following example
x - is provided, °
» for simele addition* N Example: 2 x (5 + 3 =
Y ' Entar as Tollows:
¥ KEY ENTAY LCDISPLAY EXPLANATION
z x I 2 2
= x + ¥ + z El 2
*F or simple subrraction, multiplication or 5 5
division, stimpl ress The regquirad kay (i, .
. . or I8 3 3
Remark: The [=] ey presnts tha final : } 8 s+z
paswer, Thore ix no nead 1¢ &nter - .
the [=).key after the first gparation =] 16 o 2x(B+3
since the rasult is displayed atter Note: Parenthaset may naf be available
the function key is depressed, for certain advancod functiems,
7. Chained Caiculations ) :
Chalnad ¢alculations involving saveral opera-
uans such ea the cajculanan of the sum df
producizs or the product of sums can ba
carried out by using parenTheses, rafer to :
page1d Simpla chaining can be carriad p
out ms Tollows: —
Exampla : X Xy = W :
I - =z N
KEY ENTRY DISFLAY -
x K1
Y ¥
3 :
=3 - "
= XY e
z [
Moter Chaining cen be carried put with most
functions although it is noT available
for certain advanced funclions. 13.
12.




Singla Funetions

Finding square of numbsare

Ta find e squara of a nurmber, antar the
number, than dapren

Finding tquare raat of nembers %
—

To obtain the squars roat of a number, enter
the number, than dapresy .Kﬁ

Note: Valid far = 22 G

Finding reciprocal of numbars
The raciprocal of a number can ba obtined
oy dntering in the number and than deprass-
ing the key @

MNom: Wot valid for x = O

Finding natural lagarithm of numbers !E
Ta find tha natural Ipgarithm af 8 numbar,
antar the number, than depres .

Nom: = >4,

Finding e to the powaear x E ,‘;
Ta abtain the o to the powear x of a number,
enter the numkber, than key (n 4

Finding commaon logarithm af numben
The comman lagarithm af a number can be
obtained by entering in the number and then
daprassing ,

ot w0

Finding common antilog of nembars

X

10
—
To calculawe tha common antilog of & number,
emiar the number, than kay ln@ I!.'lx

B

|

Finding trigonomatric functions (Sin] ,
gint cor' tan’?
Te find the s5ine of a number in degress entar the
number and then depress . The Cosine and
tengent can be obtained similarty. |f you want o
calculate the Sine of a number in radlans set the
calcyiator in the ragian mode by press| F] desr and
then entar in the number, {ollowed by &in] . The
o Casine end tangant can be found
similarly. -

Ta find tha inverse sin of 3 number, enter the

numbar, then depress . -1 Tha
sin .

inverse of the casina ang tangent ¢an be ohteined

sirmifarly

MNote: (1) inverse sine and cosine <1,

{2) alse tan 90 or tan /2 is invalid,

i roaTe




10, Double Functions

Finding ¥ td the power x ‘E

To raise a positive number to any PoOwer, enter

as follows:

KEY ENTHRY DISPLAY

¥
Y
x
vx

Nota: x can be an integer or a decimal, negative
or posiTiva.

Finding vy to tha root KE[ y

—_—
To obmain tha root x, of any positive number y,
entar as follows:

KEY EMTRY CHSPLAY
¥

¥

A

Note: x can be nagative or positive, an
inmegar or a deima!, However, ¥ is
only positive.

¥
N
]

Lting the Exchange Rdgirter Key Xery

The axchange ey, xapy reverses the order of the
oparpnds,. For instance, x = ¥ will become

The 8xchange key can be used as followa: | =
KEY ENTRY DISPLAY
x x
[ x
¥ ¥
Xeey x

<3 Yy 5 %
Now: You ean usze ™a exchange IB0ILIRT Key for
e foliowing operationa: division,
UBIraction, powor ana oo,

17.




11,

Haur-inute-Second Funetion (Qr Degroes-

Winute Secomd Functon].

2. Haur-MinuteSseond Entry
To enter numbars in the hourc-minute-
secand lor degros-minutesacand) lermoat,
enter the houre ar degrees {integer up e
&5508) and then depress [HWME] . The
minuTes can b entered pext followed by
depressing HMS' . T¢ antar tha seconds
anter the seconds and then Jepress @
{Both the minutes and the wecunds can be
entered up 1o 99, 'n inteper 1prem.)
Suppaing wa want 10 enter 30 dagrees,
45 minutes and 10 seconds, anter as follows:

KEY ENTRY DISPLAY EXPLANATION

30 30
Fes o
45 3045
3045
10 30-45-10 30 degraas-
45 minutes -
1D seconds

it The mMminutes Or AConds entarsd o
greater than 60, depressing an arithmatic
cperslOr or the aquals key will narmalize
the answar,

b, Hour-Minute-Secand Arithmetic
Arithmetic aperations such a5 sddition,
subtraction, multiplicatian or division can
b carriad out in the H.M-S farmat, Arith-
Metic operations white the first facror is
expressed in tha HMS mode and the second
in decimal, will give resuttt in the HMS
mode. Addition or sulitraction with beth
tactars in the HMS mada will not changs
the mode,

However, it muinphcation of division s
carried owl the resuit will appuar in decimal lorm,
<. HMS/Decimal Convarsipn
Ta canvert the decimal lgrm inta the HMS
farmat {i.e, hours/degress-minutesieconds)
denress I:El [d} dms
- A—
To abtain the decimal ferth whan you have
the diplay in the HMS mode, deprass

(6} tadms’ 18,

s i

Degree/Radian C ons & Modes

When you require eithar » degree/radian
cgnverston or a change of degréerradian
mode, prass:

E Or
La—

Praxzing the above will both do the can-
version and reass the maode, In other words
i your calculation is in degres rmode and '
F E_: {5 premzed, » degroee o radian
cOnvaersion is done ano yoyr cal-

cularor is put in radian mode. Likewjse,

if your calculater is in radign mode

and F d4&3 it oressed, a radian w

degrae canversion s done and your
calculBTQr is put in degres moda.

FAuTes for dscermining Youy calcwi e s made
ara:

1} When turned on. your celculator is
enitially in degrow mode
—_— T T

2} If there is a decimal point in The
#xponent fiald of the display, your
caleulater is in radian moda. 1f nat,
your calculatar is in degra? mode,

19,




3. Unit Conversions

The unit camvarsions avajlzgie on your NAVIGATOR
ED are a5 fallows:
CONVERSION FACTOR

ITY Unit ] to Unit 2 o
guANTITY Line 2 Unmt 1

(mi} A sTaTUtE Miles 1o Q868576241 ¥,1507 79448
T 7 nautical miles

(km} nm kilpmetres 1o 0.509956803  1.B52
r ' nautical miles

[m]!y. metres to keer  3.280835885 0,3048

| ]

F1 ¥ degrees Fahrenhait o 5 )

f 10 dogrée: (“Faz; L 1.8 (°C xgh+ 32
Cenngrade

id} dms  aecimal degraey 1 cegree = 60 miautes =

o degrees/hour Z5U0 seconds
minuTe-seconds

Pi Comgtant
To aotain the constant Pi, deprets | F l'j'l

Nowm: T = 2141692652

Ty

14, Memory Registars and M If Functions

Therk are 3 maximum af tTwo Mamory rag:stqrs
available for tha usor,

a. Storing tha Display in Memary Regis:ler

-—
For storing a number on display in » memory
register, Limply depres w[FlaTo 2

For ingraneo, ta store 465 in rmemory register
Y. enter 455 and daprem STO 1
& Recalling the Quantity Stored in Mamorv

Rogister [R_r:'_g acL =

For racalling a value stored in a meamary register

simply depress [ACL 1] 1o reeall valye in
register 1 and deprossg| F| ACL 2 59 recall vafue
i register 2. To mcall 455 stored in memaory
ragister 1, dapregs [ACL T] 1o ohmin 455 on the
dizplay.

¢. Addition/Subwaction with Mamorv Register

=]

 ——
Another important Yeature of The calcwator s
that addition or subtraction can be carried gut
directly 1o tha rmarnory without e neag o
recall the value, For instance, to add & valuse
A 1o whatewver iz stared in memory ragister 1,
enrar g and depress - Ta gbtain the afswr,
ﬂrns: Values can be added sim larly

10 MEemory ragister 2

21.
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It QPERATING INSTRUCTIONS - NAVIGATIONAL

; 0. Using Your Navigator Calculatar for Solving Navigari E Navigation Problems
Frohlems. Ve Ve
—r (]
in genaral, the kay saguence should be.os 1Glows: i 1. Vector Additian and Subtraction
Steo 11 Oefine the function to bs performed: a2, W+ (D‘IHH_gPD"RI = (DIH,IW:I +
.0 [F] winDa  (Moter ) (W)
The Function detinitions appear above the . T T ——
key tops in special |ma.i..g°f b. V- : {DIFgG, SPDL} = {QIR,, SFDY)
Etep 2 €ntar the parametars revuired for meaningiul o Ri“ 2]I
\ camputation of the function. The paramerers
£an bg entared in any order: e.9. Numbaer KEY SEQUENCE
B MNurmber Mumber INPUT/DATA KEY COMMENTS ,
m PO STROKE ;
F Clear the paramaser
Number Fﬂh ragiznar: befere enter-
Step 2 STart the computation by prewsing g a new sa1 of vectors
Tha resuit will ba displayed, !f the result L {omiz F '%'in casa of
is made up of Two party, ono of them will chainingl
ba displayed and the othar part can ba . .
obtrined by prassing the appropriate key; Direction of 15t vector
2.0, course will ba displayad ufter@ﬂ [ .
: Presmed, 1o get the ground speed, we have to Magnitude af 15t vactor PO
| than pres [G3] . ! .
. Diretion of Znd vectar
! In most casas, the parametors antarad wiil o R 1
i not be changed by tha computstion, and :
they can tw retrigved by prexsing the zame Maghitude of Znd vector i
kay atin tha paramemr entry, o.g, PDZ Y
[Efor retriaving wye air spead anmered, !
aFter tha computation. {F] Mtar This will carry out the
. . — wectar addition or sub- .4
Mot The calculater has 1o ba In degree [E] w- traction, and direction '
made tor any navigation problems, ™ of resultant vector will
ba displaved auto-
matically.
E SPO . To get magnitude of
1 the rasultant vector,

; Note: afrer evaluation ot tha reauttant wecror, DIR‘
' and SPD.I will ba raplaced by DIRR and SPDF‘
o facilitate further aperatidns,

i Vo + V_+ ., Vi
[ 11' V2 V3 .+ ¥n

z3.




2. DME: DME Speod Correction

To cormact 1or the ground spaad cihtained from
the DME speed Indicater when the alrcraft

is not flying diractly to or from tha DME station,
date may be entarad as follows:

3. CCcOR: Off-Course Carcactinn

To celculare the distancs betwaan the destinstion
and the offcoursa position, the following key
strake may ba usad:

KEY SEQUENCE

INPUT/DATA KEY COMMENTS
STROKE

KEY SEQAUJENCE

INFUT/DATA KEY COMMENTS
STROKE

COME Start sequence by
I 1 defining the DME
function,
Spoad of aireraft as
obtained from DME
resding {in knots)

Diraction 10 or from m
DME station

Couree of the aireraft [CRS |

Difference in altitude
betwoon aireraft and

station {in Teet)

Distarnco ta DME

The actual ground

station {in nautical TP speed In knots of the
rmiles} aircraft will be dis-
played,

Caution: When coumme and VOR radial near 90°
angla spered cormection becomes vary
1onsitive 1o arrors In DM E spead raading,

C COR
tart sequence by
defining the COR
funetion,

Total distance beTween
the starting point and
the dextination

Distance flown DIST
. FLM

Distance off courss

The charige in course
requirad 1o fly direct-
Iv from the current
pesition 1o deatin-
ation will be displayed,

DIST Teo find the distance

betwaan the current
position and dost-
inaticn. Prassing
will return

cours correction TO
display.




4. TAT: True Air Temperature
 —

The True Air Temperature can oo calculated given the
pressure altitude, tha calibratad air £0604 in knols and
the indicared tamperature. Ta Abtsin the rue air

wemperature, the fallawing kay sequenca may be used:

5 TAS : True AirSpeed
The True Air Speed is the equivalent airspaed
correctad Tor density altitude [ie. pressure and
wmperature), The parameTtars may be pntered as

KEY SEQUENCE

INFUT/OATA KEY COMMENTS
STROKE

[F] TAT Start sequance by defin.
ing tha TAT function

Prossure alticude ALT
fir famerr]
Calibratad air speed |§A§
[in knors}
:nd."ocnlgc rempcratere [1NG
{m O} TEMP
ChFP Trus air tamparature in

C will be gisplayed.

follows:
KEY SEQUENCE
INPUT/DATA KEY COMMENTS
STROKE
TAS Start sequence by
defining tha TAS
function.
Proesura altituds -
{in feat)
Calibratad air spesd
{in knots}
Indicared temperatura [ IND
%1 TEMP |
CMP True ajr speed in

knots will ba dis-
plaved,




6. DALT ;. Donsity Altitude

The Drensity Altitude can be calculated by antering
m fallows:

7. MACH . MACH Number
I

To obrain the MACTH riumber, enter paraMmetars as
follows:

KEY SEQUENCE

INPUT/DATA KEY COMMENTS
STHOKE

KEY SEQUENCE

INPUT/DATA KEY COMMENTS
STRDKE

[ ] PA_LI‘ Start sagquence by de-

fining the DALT fun-
crion.

Pretsure altitude

tin toet)
Calibramsd air spaed &S]

[l machH
Tart saiyuence by de-
fining MACH function,

Prossurs alTiTde FPAL
[in Teav}

Calibrated air speed CAD
{in knets}

[ CEE } Mach number will be
displayed.

lin knote)
Ind]cate%air Emp-
erature { " C)
CMP | Dansity aldilude in feeg
will be displayed,
Nore: I'f true air TempoeratuTe inamwad of indicared

air temperature ix to be antered a1 pare-
metars, anter D oz the CAS,




g, WINDA : Solution of Wind Triangle

I 1 .

There are four cates in this function:

A. Given wing direction, wind speed, True air
spead and coursa, we want ¢ find the heading
and ground spead of the alrcraft The key
sequence 1s:

KEY SEQUENCE

INPUT/DATA KEY COMMENTS
STROKE

Heading

True air spesd
Course will te dis-
played.

Press 10 get ground speed.

SRl

Given wind direction, wind speed, ground peed
and course, wa want 10 find the heading and true
air speed, The kay saquenca is as follows:

.

[A wIND4 Start saquence by defin-

ing WINDAfuaction,
Wind direcdoo
e e

True air speed
Course [ER5]
Heading of tha aircraft

will bo displayed,

Press 10 get grovad
epaed,

KE'Y SEQUENCE
KEY COMMENTS

INPUT/DATA
STROKE

Mote: on key top s for entering parameters of trus
air epmad, TheTAS abova the CAS key oo i3 tor

deflning the TAS function,

An errgr ripesaga will be displayed upon pressing the

[T kay if the paramators eotared de oot confarm

w any of the four ceses describad hers.

b, Given wind direetion wind speed, heading and true
air Epsad, we want 10 find the course and ground
speed, The key squence 152

KEY SEQUENCE

INFUT/DATA KEY COMMENTS
STROKE

[(F]WINDASTar sequeote by de-
fIning YWIN DA function,

Wiod direction

wind spesd

|8 DA Star: sequeoce by de-
tining WINDA
fonetian,

wind direction
wWioo spaed

Ground speed
Course
Heading will ba dis-
played.

Prass 1O gat trug air
spead,

TR




d, Qlven hasding, toue alr 3peed, graund speed and
caurse af the aircraft, we want 10 find the wind
diregtign and wing tpaad, The kay aquence is
w tdligwa:

KEY SEQUENCE

INFUT/DATA KEY  COMMENTS
STROKE

=2 J[’RMB :  Positipn by Rhumb Lne
1

Given tha Latitude and Longituda of The starting
point of last position, the course and ground speed
ot the aircrafr, and the flying or aglapsed time. We
want 1o find our current poaition in 1erms of LAT
and LMG. The pararetars may be entered as

WM OAStart tequence by défin-
ng WINDA Tunetion,

Haading
YTrue air spaad
Grount speed

Coursa

wWind diraction will ba
displayed

Prag 1o gar wind speed,

fallows:
KEY S3EQUEMCE
TNPUT/DATA KEY COMMENTS
STROKE
[} FRMmE

f 'Stﬂrt sequence by de-
fining FRMBE function.

Latitude of the starte  [F] LAT,

ing point r——'—§

Longitude of the LNG,
atarting point =
Course

Ground speed (in knois,

Elapsed Time {in hours}

TFE]  The latitude of our
purrant pasition will be
dizplayed.

E] NG
f 'Prage to got the long-
itk

Note. Afier the Lomputation, LATS and L.NGs ara
racioced Ly LAY and LNG, far further

chaiming. My TIME is alta devooyed,




PIVOR : Posltion by 1WOR

The Mavigator slfows you 16 calculate the distance
of an aircraft from a VOR station. Informarion
raguired Tor the computation: ground speed and
caurse of the aircrafr, first and zacond radial
readings Trom the VOR, and the elapsed time

e rvween the fwo rexdings. The parameters may

e entared as foll ows:

11,

PFIVDR : Posiven by 2VOR

The Navigaior alse allows yau to <alculata the
dismance baTween oha of the two VY ORS and the
mircraft Infermetion réquirad: Qirtanca batween

VDH1 ond VDRQ' boaring of \.lfCII‘I2 and VOFI1
radials frem VOR_ and VOR,,. The paramamrt

may b gntered asYollows:

INFUT/DATA KEY

KEY SEQUENCE

COMMENTS
STROKE

INPUT/QATA KEY

KEY SECUENCE
COMMENTS
ETROKE

Caursa
Ground spaad
Radial raading !

Aedial reading 2

[FlP_1voR

Start sequence by defin-
ing P TVOR function.

S5kl

Etapsed tima {in hours)[S TIME)

Distance will be dis-

clayed,

Distan:
Two W

B r

cr betwwonn the
ORs

Start sequance by defin-
ing P 2V OR funcuon.

Baaring of Voﬁgfrom IHOG_]
VOFI1

Radlal from VOR,
Radialirom\i’oﬂz [El

C™F] Distance of aireraft from

VDH1 will ba displayed




Mavigation by Rhumb Line

The rhumb line courss and distance can be cai-

culated between Two coordinate points on the
globe by antering as follows:

12, N AME
| —

t3. N IVOR Navigation by 1VOR
To compute The courte 1o degtination and d_:is‘l:aﬂce
petween destination and asircralt the 'Foil?wmg n-
formation is reguired: D'lst_ance am:i buarm_g ot
stination from YOR statuon, radial reading from

==

VOR and distance o aircraft from WOR, To

KEY SEQUENCE obisin the course, anter as fallows:

INPUT/DATA KEY COMMENTS
STROKE w.EY SEQUENCE
[Fin AMa INPUT/DATA KEY COMMENTS
) IStart saquence by defin- #_____________,_,_S_-UEE——-—-—-—'—-—“—‘——'—_
ing N RME function, [ niIvoR ¢
. . by gefin-
Latirude of starting .F LAT, Start sequencd ¢
point e — ing N 1VOR funstion.
Longitude of starting [F_] LNG, Oiistanca bebreen de.-.tl'
point — nation and VOR
Latitude of destination[T ] LATD Baaring of dastination
Langitude of destination | i from VOR
LNG Dlstance between air-
crafr and VOR
CMP i i
M Iﬂz::u r3g will ba dis gesring of aircrx_af! @
: from VOR {radisl)
Press 10 get the distance EMP Course will be displayed

in nouticel miles
Tl miles, Pressz 1o get distance 2

destination,

MNotE; Rz is destrayed durfing compuTation,

Note: To facilitate chaining of Rhumb fine, LAT. and LNG
will ba raplacad by LAT [, snd LNG & s
afrer computation. o

az.




L e L e e o e

14. N 2¥AOR :  Navigation by 2V0R

—

Ta navigate beTween any TwWo poinTts provided
signals can be recaived from pwp VOR stations,
the fallowing information is required:

Cistance and bearing of destinarien from VDH_J
dirtance and baarinp of \--’(::FI2 from \.r‘OF:,I and

radials Trom VDFI‘ and VOﬂz, To obtain the

distance and beadings, enter parameters as follows:

KEY SEQUENCE

INPUT/DATA KEY
STROKE

COMMENTS

A ~2von
StarT sequence by defin-
ing N 2VQR function

Oiswance batween <amr-
nation and VOR1

Bearing of destinatian @
from VDR1

[

i T
Rismnce o u'.‘.'rFt2 OISTQ!

from VOR ’

Baaring of VOR
from ‘.."DFI,I

Radial from VOR, [E
fadial rom vV
i m (.‘,‘Fl2

[CHF) Course will be displaved
GIST ] Prass 1o find distance

NoTe: During eomputation, HDG.I, H DG2, R

1 and HZ

are destroved in ragiscar,

-
QreNT®

11.
12,

APPLICATION EXAMPLES

Vector and Subtreciien
DME Spead Correction (DME!
OH-Course Correcticn (C COR)

True Air Temperature (TATI,
True Air Speed (TAS)
Density Altitugde (DALT) and Mach Numper (MACH]
Salution of Wind Traingle (WIND )
Fhumb line Hevigation [NRME)
Pazition by 1VAOR (P 1YOR}
Positian by 2VOR (P 2VOR!
tavigation by Rhumbiline Methad (P RME8}
Mavigonion by 1VOR (N 1wOR}
HNavigation by 2VOR [N 2VOR)
Mizcallaneous Navigational Problams Lsing Basic
Funcrions,
. Weight and BEalanee of Aircraft
Haad Wind and Cross Wing
Turn Pertormece
. Great Circle Plotting
Rate of CLimb and Descent

morPD




jivs

1.

FPLL 100 EXAMPLES

Vectar Addition/Subtraction
Two farces, F1 and F2, are applied 1o a unit mass,
:flcuiate the resul tant force, F1 acting on the mass
F1 = direction 3, mapnitude 5
FZ = direction 4.3, mmapnitude 6,2
R-Fiep2
Salurtion:

Enzar as tollows:

ENTRY DISPLAY  EXPLANATION
a
30000
. 2.2
E le 1 4-18-00
6.2 6.2
6.2
[E] v+ 34311
SPOR
SPDR 11.19928756

The resuitant force s (3° 43 17, 11,20,

DME Spewd Corraction (DME}

This functian calculates ground soeed from the
DME spoed indicarar when the aircralt is noz
fiying directly Ta ar from a DME station,

| SPDDME

85" o (DIR., €AY

If the altitude of the sircrafrt and its distance from
e DME station is Known, a Mare accurana result
¢an bre ohtainad:

& - | SPPome (ahi? + DisT?
|cos (BIR,. CRAS) DI&ET
whare SPDDME is speed obtained from DME ctpesd
indicator,

DI'F{,I, is direction 10 or from DME station

CAS is magnetic course af tha aircralr,

A b is altitude of the aircraft,

DIST iz distance of the alrcraft from tha

OME station,

Waote: Accuracy of tha function suffart whea
the aircraft crossas the DME radixis at

an angle larger than 507




3. QffF-Course Correction {C COR}

Examole : An aircraft flying 2 course of 245° This function comoutes the course carrection
intercepts the 1979 1o radial of a DME required 1o reach destination directly in an ofi
siation. The indicaled DMWE soeed is course sityation. The distance to destination
125 knots, Find the ground speed. What is also computed.
is the ground speed if the aircraft s
actually 5 nm away and at an altitude Sﬁ = <in’ %

15,000 leet above the DME station.
o = -1 DIST OFF
ENTRY  DISPLAY EXPLANATION BN ST, (DIST FLNI co% p
o . .
DME define function DME ACRS = ¢ + o
245 245 ooc
CRS 245-00-00 enter course DIST = sin 9
197 187 where;
197 enlar radial DIST DFF is distance away irom intended
courze,
129 129 DIST FLN is distance flown,
129 enter OME speed DIST.I is total distance benween starting

point and destinalion,

2

M 192.78747 i - .
749 g:ﬁ;gd speed is com CRS is change in courze required 1o reach
DM deztination directly, and
E o] iine f i :
define function DME DIST iz distance 1o destination from current
5 5 position.
5 anter distance from
station
15,000 15,000
15,000 enter Aaltitude
CMP 215.0055684 ground speed is com-
puled
STARTING DI'ST1 DESTINATION
42, POINT
43,




Example « : After flying 64 miles, the pilot discovers
that ha is 7 milez ta the right of the
caurse. If distance hetween starting
paint and destinatian is 200 miles, find
the change in caurse 1o fly dirscily to
destinstion and also distance to fly.

DISPLAY EXPLANATION
a define function C COR
o4
&% encer dTstant Flown
?
7 encer distance off course
200
200 antar distance between
ftarting paint and
destinatian
CMP 41303 change in course is com-

puaced
126.5634861 diftance tg destination

So achange in course of 8° 13" ta the left is
required and distance 10 destination is 136.6 miles.

True Air Temperartira {TAT], True Air Spaed (TAS),
Density Altitude (DALT) and Mach Numbar (MAGHL

3.5 0.2867
CAS
[(Pr {l: + 02(5515] -}4—1 -1

L) 7
TAT = T@m;:. 331 . ZT 4273k (@T+
273)

TaS ~ JIOMSTAT + 273

0.235
- 28815
DALT= 145366 [1 . (T_A'r_Fﬁ_P’) J

whare P, = (1 . 6879 x 10° paLT 5'255)
[+]

and €T is the gircraft recovary coefficlent which can
vary from 0.8 to 1, but is 0.8 for most mircrafe,

PALT, and CAS are requirad for finding MACH.,
PALT, CAS and IND TEMP are raquired for
Tinding TAS and TAT,

PALT, CAS and IND TEMP or PALT and true
temperature are raquirad for finding DALT.

In The larmar case, enwar trua air mperature by
the kay sequence O 1 ber

Note: The pramsure sititude [5 limited o balow
260589 feat for thass functions
Accuracy of thesa functions alsa de-
creasas for suparsonic 1peeds,



Exampla 1 . Find the true air speed for a pressure

. N : iTade T8, EHHT Fater
altitude of 22 000 f1., calibratad air Example 2 F:r; 2 Dr;s::"i:m,m: ::.:: O,J‘-,‘,.{ ‘::' l‘
speed of 320 knots, and an indicated air anC 3 calbrated av spet T e
what iz the ight mach number * |1 he
emparature ofs g0C, R . . ertage
indicated Qi wemperature 5 UM, webny
i ir s 7
ENTARY DISPLAY EXPLANATION it the wus air spead:
o define function TAS ENTRY DISPLAY EXPLANATION
22,000 22,000 [F] macH defing funcuor MAL
L —|
PALT 22,000 enter prasaure altliude 15,000 19 Q00
320 370 PALT 19,000 BOAET Pressure alltucde
220 enter calibrated air spaed 295 295
& e 295 enter calibrated air speed
| INE Y g enter indicated mmp- 0.620994058  Mach numbnr 5 comploted
P arature ” . -
E TAS u] defina function True ar
CMP 4522790284 true eir speed is compurtad L A
Trua alr gpeed 15 452 knots, -3
Whet is the Trus air 50040 for b pressura alfitude -13 enrer ':d'““d remper-
of 55,000 ft. wlith a1l other datz unchanged? aTure, ALT ang CAS
ramain unchangod,
ENTRY DISPLAY EXPLANATION AP 333.8807724 True air spées 1= comouted
[F]Tas o define funcdon TAS . _
— The Flight Mach number is 0.53.
55,000 55,000 . _
The True Air Speed is ARG knots.
PalT ] 95,000 enter pressure altitude

798.5814081 true air spaed is comptted

True air spead is 798.6 knots,




Exampla J

EMTRY

TAT
El—'_l
a2a

15,000

(FALT
4

What it tha rru4 air mperatura for 3
calibrated air tpaad of 320 knots. 4
pressura altituda af 15,000 feet and an
indleatod air tamperature of -39C7

DISPLAY EXPLANATION
a aafine function TAT

520

320 #ntar calibrated air speed
15,000
15,000 &ntar presaura altitude

-4

-4 antar indicated air temp-

darature

-19.88964821 TFU® BiF UMPLraTUre is
£AMPUTdd

Thix trud il tAmperamn is -IQ.SE\QC.

Examplo 4

Find the density altituds for a pressura
sltitude of 7,000 1t. and a trus air
emperature of .129C,

DISPLAY EXPLANATION
o defing function DALT
7,000
7,000 enmr pressure altitude
o}
-12
=12 enTer trua air tefnperatum

£397,7463226 density altitude iz com-
pumd

Density altitude iz 5,398 tea:,

Nore: In the calculations of tTue air spead, true

air remparatura and density altitude, we
assumad the aircraft recovar coaffi-

cient, C__, 1o be 0,8 which is trua for most
aircratr.” To enmr a differant cT’ insert
the koy segquonce:

CT ualue@ awery tima belora hitting
the ker.




Exampls 5

For a calibrated air speed of 595 knots, Rresure
alutude of 12,000 feet, indicated remparatura of

TZ™T ad & Tecuveary coofficiont of D9, Wwhat are the
dansity altitLda, trud alr termpararara and True sir spaed?

ENTRY DISPLAY EXPLANATION
DALT defina function DALT
—
18,000 18,000
18,000 entor prassura altiwde
12 k7] .z
IND -12 antér Inditatad wmp-
TEMP. arature
[-=E] =95
(113 anter callbraten xir spead
0.9 0.2
0.9 anter recovery coctficient

1229636034  obwin density altinude

[FiTaT o

daling trud air tamperature

0.9 0.0

@ oz en - recavary coeflicient
565 595

CAL Ba5 entar calibrated air apbad
CMF 63.54116837  obtain trug air Temp-

Erpture
E TAS [+ daflna true gir spaad

1
0.8 0.5

E 0.3 snter recovery coetlizient

MR 665.2174295%  chtyin Tud alr spaed

Dormity sititude = 12,296 f,
Trus air vernparature  « -53.8°9C,
Trus air epeed = &EBS knott.

&, Wind Trizngla {Wind A }

A wind trigngle is mads up of six BNLNe: = pay red,
around sgeed, heading, true air speed, wind dir-
BCTION ang wWing spaed,

Thearetically, qiven any faur

of the slx quantities, we can

0 ive for tha sthar two. The WD
coleulator provides £alutions s
w0 four catas 0f the wind

trianples o navigator may -

caunmar.

Solving for heading snd CRS
grounc spewd, GS
Solving for headiag ang
Trud air spead,
il Solving for coursa and
FroOung sprend,
4} Solving for wing dir.
action and wind spopd,

b

TAS

An error message will be generated whan the ChMF
key i3 preved if insufficient ar more than witficiant
Jats has been entared for theapingtul solation of the
wing triengle,

SPeeds can bo exprevsad in MPH, knots or kilg-
maters per howr, anc dirgetiong can be mameric
ar True, provided the chosan units aro used <on-
sisTenty throughout the problem.

To cenven magnetic directions |nTe rua e Ei D,

add the magnet.c variation [- tor W and + far [=]

o the magnetic directions.

Examplet ; Fing the magnetic hesding ana
aroandg speen fdr 2 true slr spewg
of 210 MPH, rmagnatic caurse of
1240, magnetic variation of 129w
and windg 1s 60 MPH from 1009

Tue,
EMNTRY GisPLAY EXPLANATIDN
[E] winpA 0 define tunction wind A
210 Fain
210 & ter TrUs 3ir speed
124 rzq Magnatic Course
12 51, magnetic variation (- fpr

W



ENTRY DISPFLAY EXPLANATION ENTRY DISPLAY EXPLANATION

E 112 rue couTsa 130-00-00 antgr wind dirmection
112-00-00

anTes TG courne
: €0 GO 50 =
e "HTND 50 enter wind spead WiN sa enter wind speed
; | iy SPD
100 100 78-26-35 true heading is computed
I00-D0-D0  ohtor wind speed 171,5304093 true air soped
b’ So tha aircrett has 1o fly with a trus heading of 799
108-35-40 true heading is disolayed 27 and a true air spead of 172 knon,
Example 2 : Given a trua air spoeed of 166 MPH
+ |1z T2
magnetic héading of 2847 5 mag-
= 120-35-40 Magretic heading it dis- netle variation of BY W, and wind
Played is blowing at §0 MPH trem 1800
) true, What is the trus coursa ano
[GET7 160.540207 dround spead iz dizalayad ground speady? TuB ehursd o

i 5o the magnetic heading af the 3ireraf shoguld be 1209

: 36" and the ground soeed Is 151 MPH, ENTRY DISPLAY EXPLANATION
| [F] winDA 0 define function winod
Example Y : Fing the true Alr speed and true haad- 166 ! 168
ing ta meke good & flight schedule
Krowing the trua courss as 649, de 1686 enter trul air spasd
I sired ground speed 145 knort and wind i P
| is corning from 120° true at 60 knog. zEd aa madnetic heading
P c3g b3 magnatic variation
ENTAY DISPLAY EXPLANATION (- Tor wi
| (FIwinDA [+] detine function wind A 276 trus neading
| 54 Ga 276-00-00 entar trua haading
. [CRS £4-00-00 enter true course 50 50
: 145 145 50 enter wind spead
1
| 14% onter ground spacd
. 1
130 +30 180 [=1e]

: WIND 124690409 anter wind direciion
‘ H QIR




ENTRY DISPLAY EXFLANATION
[EmMF] 2921138 us course is compured
178.3007922 pround spaed

S0 the true coursa of the atreraft Iz 2029 with a ground
paad ot 178 MPH,

Exampie 3 : Whatis the actuzl wind direction and
speed for @ true air spocd of 510 MPH,
true course of 1829, rrue heading of
159° and ground speed iz 490 MPH?

ENTRY OISPLAY EXPLANATION
[F)wiNDA 0 define function wind&

510
510 enter trua air spoed
182

182-00-00 BNTET true course
169

169-00-00 entar true heading
490
490 €nter ground speed

95-27-22 wind directlon |s displayad

114.9340751 wing spoed

wind direction is 852 27° and the soeed is 115.4 MPH.

6, Rhumblina Navigarion [N RMB)

This functlon cemputes the rhumpline courss and
distanca berween any two paint. The shormmt
distance batwean Two Pointe on The globs Is tha
great circle, Howaver, great circle ravigation ln.
volvas constant changes in heading while rhumib-
lina is tho constant heading path batwsan the
pointz, In low and mid-latitudes the rhumplios (s
sufflciant for practically all course and distanca
calculations which private pilots encpunter,

tan {452 + ¥ LAT. )
- —%

- ¥
CRS = tan 1 J80 ILNGS- LMNG )
tan (459 + ¥ LAT,)

60 {LAT 0 LAT)/c0s CAS if CRS £ 90 or 270°

DIST =
60 (LNGO . LNGSI .14 LATs aTherw ws:
whera; LNGS 15 langitude ol the starting point
LATS 15 latitude of the starting point
LNGD is langitude of the destination
LATD s latitude of the dastination

Nota: Accuracy deteriorates es distance wicrexes or at high
latitudas, The courma thouid not pess Through tha
north or south pola,

To lacilitare further cpmputationg, |_;:\Ts and LNGS

are replaced by LAT .. and LNG . rospectivaly.
Southern latitudes aril aastarn I(Rnﬂ'imdﬂ are an-
tared AS Negative quantitied,

Example

Eind the leg lenpths and ground course far a flight

from A116°59°5,15° 12'W) to BIGO 21'N, 75° 18w}

uzing the point C{30°12'N. 37737"W) a5 an [ntarmediata

- . point of heading change,

55,
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ENTRY DISPLAY

[FINRMB ]

1
12 HMS!'SD 1B-50
-18:50
[FlLAT, -18-50-00
1

15[AMS] 12 1812
[Fling, 151200
—

30[HMS | 12 30-12
LAT,  30-12-00
— D

27(AMS] 37 37-37
F NG, 37-37-00
N !

CMP 336-13.21
[sTH 3214818518
NRME o
—_—
60[HMS ] 21 60-21

[FlraT, 602100

1
75[AME] 18 75-18
[ELNGD 75-18-00
| I |

CMP 3184248

m 2371.464354

EXPLANATION
define function NEME

enter latlmude of starting
paint

anter langitude of sTarting
point

enmer latiTuda of inver-
mediate point

anter lonaituda of inter-
madjate point

courta is coimpuled
distance is displayed
define function NAMB

anter latitude of dest-
inatlon

anter longitude af de-
ination
course is computed

distancé is displayad

The course for the First lag is 236214° and that for
the second lag 319943°, Leg distances are 3216 and

237 nm,

5G.

Position by 1VOR (P TVOR}

This function calculates tha distance between
the aircraft and a VOR station.

DIST = {GSx ATiME) S0ICRS A1)
sin (A1 - H2;
where: G5 i the ground speed of aircrafr,
CRS is magnatic courza of aircraft,
R.1 is the first VORA reading
R2 is the secand VO reading.
A TIME is Time elapted betweaen the
o VO R readings.

VYOR

57




Exarmple 1 An sircraft is flyIng a3t a magnetic course 8. w
of 279 and a ground speed of 172 kNOTs. This lunction com -
A putes th
At 5-16-10 the OMMI indicates a heeding ooe of Tero VOR frontm :hta :ii;itafnce of
of 3102 1o the station. At 5-28-23 the att.
VOR reads 2277 10 the station, Find the

dist?rlce between the ajrcraft and the DIAT = DJS‘I'_] sin[HDG.[ - B2}
station, -
win{R1.-RZJ

ENTRY DISPLAY EXPLANATION
P1VOR o] defline function P 1VOR
L
27 27 VDR’
27-00-00 ENter magnenic Eourse
AlIRCRAFT
172 172
172 anter ground spoad
ae 310
E@ 210 enter VOR raading 1
227 227 YOR
227 enwar Y OR reading 2 whare: DIST = gistance of a?rcran
sAMG 128 trom VOR .
B¥ERS 5-26-23 12 o |S"I‘,I = distance batween
5.268-23 the two VORS.
SHME 116 HL'.)I’E;,I = Mmannetic haading
15|18 5-16-18 L3 ot VOR, from VOR
= 0.12-05 Av=r2-T 1
H* = radiat ¥
2 TIME o-12-05 enter ATIME ial fram VOFI,I,
CMFP 34.00456125 distance is computed A2 = radial fram YO RZ'

The distance between the aircratr and the .
station Is 34 n.m. Mare. The sircraft and the VOFs shauld not be on a
straight lina,
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Example :  Whart is the distance borwesn the alr-
cratt and VOR, if the racdial from it
reads 1552 and that from YOR_, which
is 30 n,m. and 1370 from WOR, reads

Z80°7
ENTRY DISPLAY EXPLANALTION
p2VOR o defing funcrion P 2VDR
—
185 135
155 snter redial from VOR,
ab
an enter distancd batwaen
VYOR, and YOR
1 2
137 1a7

137-D0-DD anter pearing oF VOR,

fram \‘0Fl1

280 2B0
280 encer radial fram VOR,
CMP 18.12341578 distance Is computod

S¢ VOF{.I is 1H n.rm. eway fram the aircraft.

[

9, Position by Rhambline Methad (P RMB}

This tunslion computes the poition of an aircratt
given the letitude and longituda of tha sarting
point, the ground speed, and true courte of the
aircratt and the flying tima.

- & TIME x GS
LATD LﬁuTS * 0 eos CRS

[=] 1
LNG, = LNGg- 222 tran cRSY 10 2N (459 + % LAT )
tan (459 + K LATSJ

if CAS F 90°
ar 270
LNGD =
A TIME x G5 sin CRS -
LNGS - 50 cos LATS atharwise
where: LATS is latitude of starting positian,

L.NGS is longiwdse of starting posidon,
TIME is flying time.

CS is pround speed of alrcratt in know.

CRS is trus course of tha aircraft,

LAT . is the latitude of the alrcraft st eha
and of the 1lying Ume,

LNG _ iy the Jongitude of the aircraft at the
and of 1ha 1lyinp time.

o tacilitate further computation at the and of cal-
culation, LA'IS s replaced by l..aELT0 and LNGS is
raplacod by I.NGD.

Time is dectroyed,
NOTE: The tiight path may not pags through
south or narth pole, Southarn latitudes

and maswern langitudes are enmrad a5
NEQEtive Quantilias,

e1.



Example :  Starting from 25050°5, 15045W and

going at GOB knots pround speed and a ENTRY DISPLAY EXFLANATION
coursa of 2859, what is the position after 1.5 1.5
2 hours of Might? ’
A THWAE 1-30-00 i
| then the True coursa is changed te 255° snter flight time
and ground speed chenged ta 572 knots, -11-10-00 latitude of aircraly
find the positlon of the aireraft atter NG 20-25-57 f— )
ancther 1% hours. D ongitude ol aircratt
ENTRY DISPLAY EXPFLANATION Thus atter snother 14 hours, the aircraft wil
b 61 1151075, 20036y,
P RME define function P RME
La—
25[AME] 50 25-50
&= -25-50
FJLaT -25-50-00 enter |atitude of sterting
z—i point
15[ HMS] aB 15-45
LNGS 15-45-00 enter longitude of sTart-
— ing paint
G0E (el
GE 508 enter ground spead
385 25
!CP.S 25-00-00 enter True coursa
2 2
2-00-00 pni7ar time of flight
LA 7-27-56 Iatitude of aircrait is
computed
E LMG 5-45-53 longitude of aircraft is

r—‘-E displayed

Sa the position of the afreraft afer 1hying ™wo
hours is 792E°S, GO4G6'W.

To cantinue with the problem:

F1P_RME dafine function P AME
—
255 255
[€EE] 255-00-00 enTer NBw course
€72 572
572 1entar naw ground spead

ba. 63.




19, Navigation by 1VOR (N 1VOR} 1. Navigation by 2V OR (N 2V0OR)

This funcrion calculrtes the gourse and distance 10 This tunction computes the coune ana
destination with Sig_nal coming from a YOR of known distance to destination with signals
distance from the aircraft, coming from 2VOR stations,
BIET. CRY! = (DIET.. &7 \OTs7_, A i
(BIsT, GRS IoIeT,. AT 2 o = ] DIST,, sinfHDG,, - R2}
| sinfRT-AZ)

where: DIST J= berwesn the air-
craft and destinatipn,

5
. . IDIBT, CRS)Y = (BI§T_, RO N . (OR 1
CRS iz magnetic course 1 T 1
it amtination from the where: DIST,, is distance batween
aircralt, 2
VOP{,I and VQOR .
DIST'I i3 QIZTancs barhaoen 2
HDG2 i% magnetic baaring

cetrination ana VDR

SLATION, =1 V0H2 frorm \!DR1_
A1 iz magnatic tearing of i

destinatlon from WOR R2 Is radial rrom VOFlz.
LIALRN,

DI.'ST2 i distance batwaan R it radiai from VDR‘]'
aireratt and VOA nation.

4 DIST, is distance

-R2 s magnetic bearing of 1 between

aweratt from VOR sration. VDR,] and destination.
Naote: A2 is destroved during computatian,
Hf::‘t?i,J 1% magnetic hearing

of destinadion from \!DH.'-

Nome: VOR1 and \.n"OFlz should not be in 2 stramght
Nre with the aircraty. R1, fi2, HOG1 and

HDG  will be dectroyed during computation,
Fé

DIST VOR DI5T,

2 \}
A
&
DESTINATION o R,
CURRENT POS-
EST- ITICN
CURRENT ! INATION - CAS
POSITION S aircraft 65,




Exarmple

destination?

ENTRY DISPLAY

N 2VOR o

15 15

"

135
135-00-00

22
22

260
260-00-00

180 180
120

240 240
240

Jo047-23

25,22053533

\-f'ttJFl2 is 15 n.m. and 1359 from VOR.‘.
Destinatlon is 22 n.m. and 260° from
VOF{1. I radials from VOFI,] and VOH2

raad 180° and 240° rospectively, what
should be the coutsa and distance 10

EXPLANATION

defing function N2VOHR

enter distance batwaan
VOH1 and voﬂz

wnter magnatic besring
of \:f’C!F!2 frgm VOR T

enier distanga betwesn
\c‘DFl‘1 and destinatlan

pnier mapnetic traaring
ot destingtion Irom
VOH.I

ontr radlal from VOH.,L

pntar radial from \-fOR2

magratic courae is dis-
Played

distance 1o destinatian

Thae distence to destination is 25 a.m, and the
magnetic course is 2009

12,  Miseellaneows navigational prablems
using basic fumetions.

The Novigation calgulptor provides program med sal-
YOS 10 MEN crobiems o navidator may ancauntar.
However, with all the baslc functions availacle ta
him, an inwlipent yser can gat Mora out of the cal-
cularer in addition 1o the praprogrammes funeTians
The following section Qives BXAMPIF ON how tha cal-
culater can be usad 1o totwe problems not praprogrammed
but may be of intersst 10 0 navigator.

A, Weight and Balance of Aircratt

171z very stdy 1o calculawe the towl grome waight and
mBvDmani ar gross weight and centar of gravity that
are ured 10 determing your pOsition in the weight-
baiance snvalope furnished with your aireraft
Knowing that:

Movement = Waight x Arm
I Movement

ery i
Centor of Gravity = = Weight

we can us# multiplication, division and sum 1o mamary
k&ys 10 30Wa our problem.

Example 1 The following table gives weight and

balance data for an airgraft

[tem Waighi {ib] Arm Movament

Empty

Flane 1.500 18000

Pilat 180 10.25

Passenger 125 38

=1} 15 -500

Fuel 130 25

Find the gross weight, total movement and center of

gravity.

EMTRY DISPLAY EXPLANATION

1500 1500 walght of plance
1500 xTore weight of plane

18049 18000 movemeant af plane

Hora movamgnt of
plane

JEJgTo? 18000

180 180 walght of pilot



ENTRY DISPLAY
180

[~ 10.25 10.25

=1 1245
E} '::_21 1845
125 125
E} 125
= 38 28
=3 4150
(D] F—__z[ 4750
15
15
500 +/- -500
X 2 -SQ0
e
=7 130
25 25
=1 2250
Fl x2 3250
M ,F'_CE.| 27345

RCLY | 1950

=2 14.02307692

Waight= 1,950 b,
Cenuer of Gravity = 14,02
Mavement = 27,345

68,

EXFLANATICON

Z weight

orm

movement of pilot
L magvement

weight of passenger
T weight

arm

movement of passenger

T moverment

= weight of ol
X weight
movemant ot oit
= mavement
wetght of fuel
 weight

arm

movement ot fuel
MovemonT

total movemant

TOTal waight

gentst of gravity

2. Head Wind and Cromt Wind

The head wind and crass wind componants can ba
compuitad as follows:

HW = WScos (WO HOG -V

CwW = W3sin (wo - HODG - v}
wehare:

WS is wind spead

WO s wingd diracticn
HDG is magneotle heading of aircralt
V is magnetic variation

A positive HW means head wind and negative means
tail wind,

A positive CW Meons right crass wind ano negative
means |eft cross wing,

Notar V is zere when winds ara regorted in mapnelic
direction. Wind ditections reportad by the control
tower are magnatic and the variation nead not be
input for take ot and landings, Other wind dlr-
ections are repared in true directions and variation
musT ba includea,

Magnetic variatian is + for € and - far W,

Example : At altitude the wind is reported as 2109
and 50 knots, Your magnetic heading is
3059, Find tha head wind and cross wind
companents if the magretic variatien is

1909 w,
ENTRY DISPLAY EXPLANATMIN
210 210 enmr wind direction
] =os 205 minug magnetic hesding
’:I -85 MAGNCTIc variatian
1330 -1a WD-HDG-V
-11a stare WD-HDG-v
cos -0.405736643
=] 50 50 wind speed
= -20.33683215 head wind
-114 WO-HDG-v

B9,




ENTRY DISPLAY
] 0.913545457
=] so 50
= 45 6772785

EXPLANATION

wind specd

cross wind

So the tait wind i3 20,34 knots and the left
creas wind is 45,53 knots

C. Turn Performance

The parametars invalved in a turn; the G-Toree, wurn
diameter, Time required 10 complaze 4 3609 turn, and
stall spead can be computed wsing the Tollowing tormula:

G = COSE

TAS?

Diamemr = i
34208 tan g

00055 . TAS
Tan

Tima

Stall = (normal swill /oot §

Where: ﬁ’ = bank angle of the aircrafy
TAS = truc ajr speod

Example . Laleulate tha G lorca, @ dizmeter
af turn, (&) time required for a 2500
turn, and (drthe stall spend for an air-
cratt i » 45° bank anghe with & cruis
ing speed of 115 knots angd a stall speed
of EQ knots.

Salution:
(& to obrain the G.farce, enter as follows:

ENTRY DISPLAY EXPLANATION
a5 45 bank angle
[ee5] 0.707106 781
E 1.1414213562 G-force

G-force = 1.141




@ 1o obtain the diameter of Turn, entar as followa:

ENTRY O'SPLAY EXPLANATIDN ©. Great Circle Plotting
s 115 true alr spead © Given the Jatitud? and Ion?imde of Two painm on
the globe and an inormadiate lopgiTude, wa can
| le 13235 caleulate the latituda COrresponding [0 the inberescTion
of tha great circle route and thea inTormeadiote longitude,
[ 32208 22208

=] 0.366605472 1
L;ﬂ\'l'.| = tan
a5 '
=" 0,385605472 diamater of TUrn wharg:

A (tan LAT LN ~tan LAT,
Diameter of turn = 0,387 nautical mile - p ° LNGy g 0% LNG)

(e} to find the tima To Turn 3500, Bnter a3 tollows: * sin LNG,
ENTRY DISPLAY EXPLANATION B = (tan I._ATD sin L.ranS - Tan LAT5 L] LNGD}
0.0055 0.0055
. . x cos LNG
(a1 115 ruo air spaad |

[E 0.6325 NOta: No leg may pass 2xactdy hal! way around the sanh,
and llnes of longinide may not be platoed,
as 1 Southern laTiTudes and aastern longitudes are ax-
= 0,6325 time m turn 3609 . precad oI negativa quantithes,
Time 1o turp 3609 = 0.G33 Example :  Find the correspending lazitude tor an

intermediata point at 27925'"W an the

@ to find the stali spmed, enter as (ol ows: great circle routs fTrom point & 112912'5,

ENTRY DISPLAY EXPLANATION ) 20°34'W) 1o point 8 {40955'H, 37940'W)
80 ao narmat stali ENTRY DISPLAY EXPLANATION
[ 4sfos] o0.707105781 <0 [HMS 55 4055 LAT,
B 0.840895415 . [wA] 5° 0866736457
=3 95,1365692 all spead 20 MY 34 20-34 LNG
Stall sposd = 95,14 knoty Gimiey 0.304481027

[Fl 12
. [FME) $12.12 LAT,
1207
&) 0.216207652
37 EM% 1
40 3740 LNG

GaE ., 033211728
B 0.436559207



ENTRY

27 Hpg
25

= ETo

DISPLAY EXFLANATION
27-25 LNG
0.88760143

0,38756103

ENTAY OISPFLAY EXPLANATION

o bME 55 40.55 LAT,
an] [x] 0.866736457
20 EMS) 24 2034 LMNG
[eon] (4 0.511494203
[E {12 HMI 1212 LAT,
126 $
Oan] &l -0.216207652
a7 -4a  37-40 LNG[,
EI'_)_. 0.171145474

= 0,962639678
27 Heg 25 27-25 LNG
Ein} 0.460458072

= 0.45246432 A
38756103 2]

=] 6.490329009-02 AB
az

40 37-40
= 20 W]
34 20-34 LMG, ' LNE

Bl 17-06-00
Bin] 0,294040325

o= 0.220729214
E zn’ 12.44726451
[F] t{gidma 12-26-50

1

LATI

So the Intermediawe point on tha great circle rogte
is 112028, 27925 Wi,




E. Rate of Climb and Descent

Tha rate af Slimb required to change z/titude in the
spacified distance is pgivar by:

RoE - 1AS(A AZLT} _
6;DI5T + (aam_'l‘}i
whana: TAS Iz true gir spaad
& ALT is elevation changs

DI5T is the disTence over which the change in
alevation is To 1ake plsca,

On the other hand, if the rats of climb is spacified, the
distance required to maeke the chanpe can be computad

as follows:
TAS x (AALTI? 2
DIST = - (& 4lT)
60 RDC
where: RO C is the rate af climb
Example 1 ;40 n.m. eeat of San Francisco {&levation
3n0D L} ties B Mountain pass haviag
an alavation of 7400 . Asauming a
climbout TAS of 95 knots, what is the
minimum ACC you must rRaintein to
claar the pess by 1500 teat?
£ A LT = 7400.3000+ 1500 = 5,900 fo
ENTHRY DISPLAY EXPLANATION
5900 E s900 o ALT
6076 =] 0871033574 O ALT Tnorm.
a5 % TAS
EEN 932481896
a0 ao DisT

Kty 1500 ois+e

ENTRY DISPLAY EXPLANATION
0.042906203 ( AALTI?
1600542906  DIST2 + { A ALT)?
40,0711784859

2505525498 AOL in knots

m@

M e

s00] 3.842542497-02 ROC in n.m./min,
f076 =1 233.4722827 ROC in feet/min.

S0 the rate of climhb 15 232,47 feat/min,

Example 2 : 1} adittarent aircratt climbs out a1 650
t/min and maintains an airspeed ot 100
KknoTs. What is the distance required for
It te climb 1o BD0D feet? (Again,
Za ALT = 5,900 feet.)

ENTRY DISPLAY EXPLAMNATION
100 (21 100 TAS in knares
5076 [=] 507600 TAS in feet/hr.
€0{z] 1012666667
TAS in Taat/min,

900 s300 SALT
Elsso 650 ROC

91918,97436

=T BA491897686
5900 24370000 (AALTI?

= £41A2375766

91729.92841 DIST in foet

Elsos 15.09709157
DIST in n.m.

So it taker 15,1 a,m. far the aircraft 1o ciimb ™
8,000 feat,




Appendix A

Errer Conditions

An arror condition results when an improper aparation
is perlormed or whan the rexult of an operation gver-

flows or undger flows the absolute range ot the calculator,

When an arror conditian occurs the word YEFROFR ™ is
displayad.

Erexs the claar Kay to clear the error condition,
Improper Operalion:

where ¥ = O

whemy < 0

wharm X <0

whara ¥ 1 0

where X = §

™

whare X, < 0

whess X < 0

sinT X when X > .
B eosl X whare X > 1
Overflow

Qecurg when » coméumd result is greamer than
5.999959959 x 10

Undevflaw

Oeeurt when 8 computed rosoit is less than 1.0 ¥ 1099

TB.

Appendiv B
Dperating Accuracy

Tha pracision of your catculatar depends upan
the operation being performed. Basic addinon,
subtraction, multiglication, division, reciprocal
EEsignMoNTs and upit conversions hava a maxi-
Mum error + one coudt In the mnth or lemt sig-

nificant digit.

while countless compuations may be perlormed
with complete accuracy, the accuracy lmis of
particular Operations depend upan the input

argument a5 shown balow,

FUNCTION (NPUT ARGUMENT

=
—
@K x F oo
Tog| E] x = O
x
[F] «
Y
[ 397

i gos  ¢e360d wr
A4 ¢

DOosTive X

ooy ¢z
@W QoK PG00 of

Qs a2V
&0 § geed gmE00

gy 280,550
110 € 3
1010 x 3

(] sin '«
Eﬂfnq'1x

[E1tarix

MANTISSA

ERADRIMANX.}
1 ceunt n 010

1 countin 010
1 count in D‘]O
1 countin 010
1 count in D‘IO

4 CounTE N D10
1 couns it DQ
1 count in Dg
4 counts in D1O
1 countin O

"t 6
E<5x10 10

E<sx10719
E<5x30 10




iqational F

Accuracy for the navigational problems daperds
on the parameters and alw on the function_
Generally, the accuracy It very qood, the error
being 2 cOUnTE in tha NinTh digit.

80.

Jp—yy

" CALIBRATED AIRSPEED (CAS):  Indicated airspean

* for density altitude (prassure.and Tamparature}.

Aﬁmrldixc
A QUICK GLOSSARY OF TERMS

BEARING: The horizontal angle at & given pome, messurac
clockwiso Trom e spacific rafernce datum, 10 a second
point, The direction of gno paim relative 10 anothdr, as
meatured *rorm a specilic retarence datum.

corractad for pitomtatic ingtalation and/or tha altituds
of the aircreft.

COVURSE: The intended direction of travel.

DENSITY ALTITUQE: Prgssure aititude corrpcad for
TRIMPSr atu re,

DEVIATION: Comnpass error duae to actricai £quipment
and metal parts on the airgrafr,

DISTANCE MEASURING EQCUIPMENT [DME]T Eauie-
mant for measuring the diztan<e between an girgratr gnd a
ground station.

GROUND SPEED (G5]:  The actunl spesd of an alrerafg
relative To the surface of the garth.

HEADING: The engular directlon of tha longitudinal axis
of an mrcraft rmeasured clockwisa (rem a referance point,
INDICATED AIR TEMPERATURE [ING TEMPY: The
ynearrected raading from the free olr TempPerature gaude.

MACH NUMBER: The ratio of the valosity of » bod¥ 10
that of sound in 1ho medium i which the cratt i maving.

MAGNETIC VARIATION: The difference betvween Mag-
neTic end rve ngrth, Variation it positive for westerly and
negative 'ar easoarly, Thus Trua Course + Verigtion =
Mapnetic Coursa 30,48 b
NAUTICAL MILE (NR): A unit of distance usad in N
igation, 6,080 #1.: the masr length of one minute ol long
itude on the equaior; approximaraly 1 minute of lartuade;
1.15 satum mites,

PRESELAE ALT TUDE: Reading on the altimater whan
it is =at a1 20 83,

RHUMSE LINE: A !Ina on the surfaca of a sphere which
makés equal obligque angles with all meridians. A I6xo-
HOMIC curve,

TRUE AIRSPEED (TAS): Equivalent airspaed correcred

1.




TRUE AIR TEMPFERATURE (TAT): Bacic zir temp-
erature correstad for the heat of compression error. Also
known as ouTtsice air temperature (DAT),

WARIATION:  The difference between maanetic and
True north. Variatian is positive for wasterly and negatlve

for easterly. TRus True course + varraTlign = magnetic course,

WERY MIGA FREQUENCY OMNIDIRECTIONAL RADID
RANGE {VORI): A ground transmitter radiating dis-
actional signals by which an aircraft finds +ts bearing.

APPENDIX D

Rechargeable Battary

AG Operation

Connect the charger 1o any standard glectricil vuth 1 oo
Plug the pack into the Calculator. After the il ove
CONNELTILNS have been made the power swilch 1y 1
wrred ON,

Battery Dperation

Dixconnest 1he charger cord and push the powa swvie b
TON". With Normal use 3 full battery charoe can b
EXDeCTed & SuPpPly up 10 2 hours of wDrking 1ime,

When the batiery s low ligures on display will chim, 12e
Nt eGRBNLe DaTtery operaTion, this ipdicates the e
for a banery charge. Use of 1he calculator can be
continuad during the charpe cycle,

Battwry Charging

Simply tollow 1he came procedure 35 in AC operation, "o
Irave Lhe power switch off, If 3 power cell has complaciy
discharpged, the calculator should npl be opergted on
LaTrary powesr LMl oy has been recharped for a1 least 4.6
haurs, unlets otherwase instructed by 7 nouce acccmeany -
ing your machine. Batteries wall reach 1ull gfficiency

alter 2 or 3 charne cyelpes,

Use proper Commpdore/CEM 2daprer recharger for AC
speration and recharging,

Adapter BAD ar 707 Norwh America,
Adaprer 708 Englang,

Adaprar 709 West Germany.
IMPAORTANT —Law Pawer

1f hattery ii low:

3. Display will appear erratic

b, Dusplay will dirm.

<. Display will fail 1a accept numbers,

IF one ar 3ll of the ahowve conditions ocaur, you may check
far a |ow batzery candition by entering a series of 2's. IT &°s
fail 10 appear, operations should not be conunued on
battery powver. Unit may be operated on AC power. Sea
brattery charping explanation. If maching cantinues 17 be
moperative see guarantes section,

az



AFPENDHX E Symbol Given Multiply by To Obtain  Symbol

INTERNATIONAL SYSTEM OF UNITS (S1) km/h kilometers 0.2778  meters par tec m/1
CONVERSION FACTORS per hr
kn knats 0.5144  meters per sec i
Converzsion ta Metric Measures MAZS
Symbal Given Muttiply by Ta Obtain  Svmbol az ounceslavdp) 28,35 grams ®
LENGTH b pounasiavap) 0,4536 kilograms kg
ton  short ton: 0.9072 merric rons T
in [nehot 25 4+ millimeters mm (2000 1bs) {1000 rg)
L3 teet 20.48 cantimetars cm DENSITY
vc_ yards 49144 meters m W pounds per 16,02 &ilagrams per kg/mS
mi mles cubic foat cubiic meTer
{statute) 1.609 kilometers  km FORCE
BT mFIus' oz, cunces-lamce 00,2780 newtans ]
{nautical) 1.862* kllgmeters km b, pounds-force 4 445 FEWTORT ]
mlcron 1.0 micromerers pm ka, kilograms-force
A% angstrom a.1= MAROMaters nm 5,807 newtans N
AREA o dyr  dynes 105 neWTons |
el gircular mils 0.0005067  sq.millimerers 2 WORK, ENERGY -POWER
mm frlb, footpounds 1,356 Joules J
in2 wquare inches 8,452 =g.centimetars Aprce
cmd? cal calorle A, 184" joules o
2 square feat  0.032940 sg.meters rng {tharmoehem)
yd: square vards 0.8361 sg.meaters Btu  British thermal foules J
i saq.miles . PLIEES U 1055
(sTatute} 2.590 .kile- hg horsepower 746, watts w
maters ke {2lec!
acrey D.4A04T hectares e/t
VOLUME 11¢?m2) ha foot pounds. 1,356 wate W
fl.oz, fluid ounces 29.57 cubic cm em? ar ml force per sacand
s} {millimeTars] Etush British tharmal TS v
pal gailonstUS lig} unim 0.2321
3,785 liters 1 por hiour {Intl)
pel daMans {irnp} PRFS;_.SL’RE )
a4.548 fiters . Ib./in<pounds-force 6,595 KilopaEcals kPa
in?  cumic inches 16.39 cu Lant /inch
meters em3 16./112 pounds-force 47,88 pascals Fa
#2  cubic fesr 002832 cubic marars m> 2.”001
yd?® cubic yard 0.764§ cubic merers m3 kg./m
bbl barrals{ g Kilograms- 9,807 pascals Pa
petrbt 0.1590 cubig meters m3 farce/merer2
acre feat 12235 cubic meters me mb  millicars 100.0*  pamcals Pa
SPEED mmHgmillimatrs of 133,3 pascals Pa
fUmin 5.080" mitimeters /s Ha
faat par minute e secand in HgQ inches of 024591  kilogesca's kPa
mifh miles par hou¥ warer{290F)
0.4470 MBTBFS e Mm% fr HoO feet of waler2.989 kilopascals kFa

B4, zec BS,




Symbols For Guantities
LIGHT

o fopmandles 10.76 ux la Cruanticy Quy, ) Unit  Identicy
fL  foodambarts 3.42§ candelas por cd/m? Symbol  Unit Symbol  Unit
0. merer langth ! meters o]
mass i k
Symbal  To Obrain  Divide by Given Symbe! sime 1:1 ::_.,%g,::m ;n
Conversion FROM Metric Maasures frequency £} bare Hr  ifs
TEMPERATURE angular frequency W radian por rad/s
. -1
Symbol Given Compute by To Obtain  Symbel arca A8 :O?M«ter m2
oF SEahrenhen (BF,32).2. CCelsiuz i walurne Vv cubic mater T3
9 - VEISLITY ¥ moter par mie
o OCalsius QC-,:* 32 OFghranheit °F seeond
* Indicates exact value 5 grraT when rgunding acceleratlon (ilnear) a mn;ar per 2
e mis
force F NeEwTon N
torque T.M newton meter
N
aressura 2 pascal Pa MM
remperature .o
{apsalye) kelvin K
Temperalyre ()
{custamary) dagree Celsius ©C
artenuation co- [ =
efficignt neper Sar mIrNp/m
phasa coefticiant /B radian per
meter rad/m
Progagation 3
coefficiant reciprocal

(X' W-‘P‘Aﬁ) meter m*1

radiant intensity Fi WaTt per Wi
steradian

radiant flux Fa watl

irradiance £ walkt par w/m?
3q. meater

luminous invansity [/ candela cd

lumingus flux ] Jurmen Im

INMuminance £ Iy 1% im/m=2




PHYSICAL CONSTANTS

alectronic charge ... .6 1.602x 1019

zpesd of light in vacuum . & 29979 % 108 mss
parmittivity af vecuum, aloac const... & B.854 x 10012 F/m
parmeability of voouum, mag canst, m 2y 107 H/m
Planck constant i A 6626 01032 vy
k
F

Boltzmann constant 1.38 x 10°33
9.6498 x 10 £ &/mol

Faraday canmstant ... PR
swardard gravimrtianal mcoeleration.. 4 5.807 en/s?
normal “mcwhefic prefom ., ,,.,,., atm

101.3 kPa
FACTOR 1072 wra T10 1 deka a1 Q€ mierg
UNITPREFIX, 10% piga G 109 nane n
SYMBDL 105 mega MITY geei 1012 piea @

1S kil k102 conti & 10-19 famzo ¢
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