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A message to cur customers:

This manual is intended to supply you with information
to help you obtain the most from your II Morrow Loran C
receiver. By follewing the instructions contained in
this manual, you will be able to take advantage of the
Loran C Navigation System.

As a pilot, I have found the Loran C system to be a
valuable tool for direct point-to-point navigation in
the prime coverage areas. However, you need to consider
that it is never safe to rely solely on any single aid
of navigation.

I1 Morrow is committed to the design and production of
quality navigation equipment. I wish to personally
thank you for purchasing a II Morrow Loran C receiver.

7S e

Ray £. Morrow Jr., President
II Morrow Incorporated
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SPECIFICATIONS AND FEATURES

APOLLO LORAN C RECEIVER

Power Requirements

Size Receiver
Preamp

Weight Receiver
Preamp

Gperating Temperature Receiver

Preamp
Operating Humidity
Operating ALT Receiver
Preamp

Track Speed

Time to Track

Update Rate of Current Position :

Position Repeatability

Range Resolution
Cross Track Error Resoclution

cpl Display Resolution
Memory
Waypoints

Notch Filters
Displays

6.5 to 48 VvDC, negative
ground, 10.5 Watts nominal

H - 2" W - 6,25 p - 11.2"
{5.0cm) {15.9cm} (2B.45cm}

H - 0.75" W - 1.6" D -4.5"
{1.95cm} (4.0cm) {11.4cm)

3.68 1bs (1.67kg)
0.172 1bs {0.078kg)
-15°¢C to +55°C
-55°C to +70°C

95% at 50°C

20,000 ft

50,000 ft

650 knots in prime
coverage areas

2 minutes mominal
0.5 seconds nominal

D.0lnm typical in pri-
mary toran C coverage

0.1nm (600 ft)
0.0lnm (60 ft)

Selectable 0.1, 0.05,
0.0z, 0.0lnm

Continuous, supplied
by internal battery
{nominal lifecycle:5yrs.)

200 LAT/LONG Coordinates
8 Internal

Easy to read, high inten-
sity LEDs with automatic
brightness control



Vibration : Receiver is designed
to meet categories
P, K, and § of DD-160A

Preamp is designed to .
meet categories Y, J,
L, and M of DO-160A

Environmental Specs. : Receiver D0O-160A cate-
gory ALB1/A/PKS/XXX/
Z/BZ/8B/L/2
P Preamp DO-160A category
ALC2DY/A/YILM/XXX/Z




FRONT PANEL CONTROLS AND DISPLAYS

This section is intended to familiarize you with the APOLLO

. controls and displays. Use this section as a reference when
performing basic cperating routines or refresh your memory
on the control functions.

-
i

ON-OFF Control.

proen Press the switch in to turn the
unit on, press again to turn
the unit off.

Automatic Display _ The APQLLO incorporates a photo-

Intensity sensitive device on the front

\\\—* Je panel which senses the ambient
J:: 1ight and controls the display
bt intensity accordingly.

-
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MODE SWITCH

MODE POSITION

o

RI Used to:
{Group Repetition Interval)

58
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sIG Used to:
(signal Qualifier)
[N ]
3 ?
1 "
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1 &1
m 114
P03 CAL
L1181
CAL Used to:
(Calibrate)
4 5%
1 1
2 [}
1 ]
oOul
N k114
S CAL
(1
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DESCRIPTIGN

1)

2)

3)

1)
2}
3)

Display GRI and selected
secondaries.

To select new chain or
secondaries.

Display SNR (signal to
noise) values on the
upper display.

Display ECD (envelope to
cycle difference) on the
lgwer display.

Display actual signal
strength.

Enter magnetic variations.
Calibrate LAT/LONG displ ays..
Select cross track error
resolution factor.

Manually correct LOP

values or enter manual

track,
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MODE POSITION

NAY-F
(Nav-From)

POS
(Current Position)
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Used to:

Used to:

[+ (=1 ]
(] [1a] ]

DESCRIPTION

1)

3)

4)

6)

1)

2)

3)
4)

Display Bearing and

Range to the From or the
origin waypoint.

Display Ground track
angie (GTA) which 1is

your aircrafts actual
heading.

Display ground speed (GS)
in knots,

Display cross track error
{CDI) distance.

Display time in minutes
(ETE} to destination.
Display point-toc-point
Bearing and Range between
any two pre-defined way-
points.

Display present position
coordinates in Latitude

and Longitude.

Select primary or extend-
ed LAT/LONG solution.
Display Loran LOP Position.
Display previously stored
coordinates.
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MODE POSITION

NAY Used to:
(Nav To)
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0-9 Used to: -

(Waypoints)

kay-f

1}

2}

3)

4)

5)

1)

2)

BESCRIPTION

Display Range and Bear-
ing to the destination
waypoint.

Display Ground track
Angle (GTA) to the
destination waypoint.
Display
{GS}.
Display Cross track
error (CDI).

Display time in min-
utes (ETE) to destin-
ation.

Ground Speed

Display point-to-point
Range and Bearing be-
tween any two pre-defined

waypoints.

Display waypoint number
from 0 to 199.

Enter up to 200 waypoints
in LAT/LONG coordinates.

Set From and To waypoints. .
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PUSH BUTTON CONTROLS

There arve nine push button controls on the front panel of

the APOLLD. These contrels perform a specific function in
accordance with the Mode Switch. We have listed the function
of each push button control according te the position of the
Mocde Switch,

FRM T0 XFR

+1 | —1{ |SEL

ST0 RCL| |ENT

PRESS MODE SWITCH OPERATION
— POS 1) Sets present position
as the point of origin

for the Course to steer.
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MODE SWITCH

0-9

GRI

SIG

CAL

1)

1)

OPERATION

Sets the waypoint as

the point of origin

for the course to

steer.

Sets the To destination
waypoint for the Course

to Steer or the destin-

ation waypoint for point-
to-point Range and Bear- .

ing.

To change the Loran
Chain and/or second-
aries,

To change the ECD bias
to a good value when
signals become distorted.

To slew in magnetic
variations.

To siew in LAT/LONG
calibration factors. .
To slew in desired cross
track error resolution

factor.
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MODE SWITCH

CAL

POS

PDS

A11 Positions

) ]
AEE

1)

1)

1)

1)

2)

1)

OPERATION

To manually correct
Loran TD's in 10

microsecond increments.

To display primary LAT/
LONG solution.

To display extended
LAT/LONG solution.

To select and display
the desired waypoint
number from 0 thru 199,
To slew LAT display to
the desired waypoint
coordinate.

To slew LONG display to
the desired waypoint
coordinate.

To store present posi-
tion coordinates in
memory. (The previous
entry is erased).



RCL

RCL

RGL

XFR

BEARING
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PGS

KAY

NAV-F

SIG

Muly is 38

2)

1)

1}

1)

2)

QPERATION

To recall stored coord-
inates. (Display will
flash on and off}.

To return to present

position display.

To display point-to-—
point Bearing and Range

and the From and To .

waypoints.

To display point-to-—
point Bearing and Range
and the From and To

waypaints.

To c¢hange the display
of SNR and ECD to sig-
nal strength values.

To display the ECD bias
value.

To display the oscil-
lator values.

To display the crystal
temperature in degrees
centigrade.

Ta display the date

code revision.
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PRESS MODE SWITCH OPERATION
AFR SIG 6) To display the SNR and
ECD values.
XER CAL 1) To change the calibra-

tion factors to the

present positien LAT/

. LONG coordinates.

2} To display the Loran
TD's for manual LOP
corrvections.

3) To display the calibra-
tion factors.

XFR NAV-F 1) To change the lower

display of ground track
angle {GTA} to ground
speed (GS).

2} To display cross track
error {(CDIL).

3) To display estimated

time enroute [ETE).
. 4) To display ground track

angle (GTA).
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MODE SWITCH

POS

NAY

GRI

1)

2)

3)

4)

1)

OFERATION

To change the display
of present position
LAT/LONG to the Loran
TD values.

To change the lower

display of ground track .
angle (GTA) to ground

speed (GS).

To display cross track

error (CDIY.

To display estimated

time enroute (ETE).

To display ground track
angle (GTA}.

To display waypoint
number.

To display LAT/LONG
coordinates.

To enable new GRI .

(Chain) selection,
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PRESS MODE SWITCH OPERATION

SEL GR1 2) To enable new second-

ary selection on the
upper display.
3) To enable new secondary

. . selection on the lower

display.

SEL CAL 1) To enable magnetic
variation entry.

2} To enable latitude off-
set calibration.

3) To enable longitude
offset calibration,

4} To enable crass track
error (CDI)} resoluticn

distance.
SEL CAL
(Press XFR 1) To enable latitude co-
. before SEL) ordinate caltbration.

2} To enable longitude
coordinate calibration.
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PRESS

SEL

SEL

ENT

ENT

ENT
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MODE SWITCH

CAL
(Press XFR
before SEL)

0-9
{with LAT/LONG
displayed}

GRI

CAL
(Press XFR
before ENT)

CAL
(Press RCL
before ENT)

A-14

2)

3)

OPERATION

To enable master 10
Msec LOP corrections.
To enable upper second-
ary LOP corrections.

To enable Tower second-
ary LOP corrections.

To enable latitude

coordinate slewing.
To enable Tongitude
coordinate slewing.

To enter selected GRI
(Chain) in memory.
To enter selected sec-

ondaries in memory.

To enter present pos-
ition LAT/LONG coordi-

nates for calibration.

To enter the manual
track mode and enable
manual 10 usec LOP
corrections.
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PRESS MODE SWITCH OPERATION

NAY or 1) To reset ground track
ENT NAV-F

angle (GTA) and ground
speed (GS) average.

ERT 0-9 1) To enter present pos-

. ition as a waypeint or

reference to slew from.
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DISPLAYS AND INDICATORS
The display consists of 14 high intensity LED digits, 6
LEDs used as hemisphere and degree indicators and a2 photo-

sensitive automatic dimming device controlling the display
intensity.

The two rows of 7 digit LEDS are used to display a variety

of information:

1) The GRI and each secondary within the chain.

2) SNR and ECD values alfong with signal strength values.

3) Calibration offsets focr magnetic variation in degrees,

Tatitude and longitude, and cross track error resclution
distance.

4) Bearing in degrees true or magnetic and Range in nautical

mites to the destination waypoint or from the point of

crigin.
5) Point-to-point Bearing and Range between any two pre-
defined waypoints.
6) Ground track Angle (GTA) in degrees.
7) Ground Speed (GS) in knots.
8) Estimated Time Enroute (ETE} in minutes.
9) Cross track Error (CDI).
10) Waypoint Number from O to 19%.
11) Loran LOP coordinates.
12) Minus Symbol for LAT/LONG extended solution.
13) MWarn indicator alerting operator of Tow SNR, master and

secandary cycle status, station blink and track mode.
A-16



INTRODUCTION

The Loran-C system is intended to be used as a radio navi-
gatianal aid. The APOLLO receives the transmitted signals
and computes the users location. Because of the Tow fre-
quency of the Loran-C transmitters, the coverage is very good
over all types of terrain and is not Timited to Tine of sight.

The APOLLO has, in addition to present position coordinates,
the ability to provide a variety of basic navigation data.
This information is displayed toc the user on the front panel.

Al11 NAV displays are based on great circle navigation pro-
viding the pilot with direct enroute information including
Bearing and Range, Ground Track Angle, Ground Speed, Estim-
ated Time Enroute, Cross Track Error, to the destination, or

from the point of origin.

A total of 200 waypoints can be retained in a non-volatile
memory, With point to point Range and Bearing available be-
tween any two pre-defined waypoints.

The APOLLO includes many advanced features by incorporating
reliable microprocessor technclogy.

This manual is intended to instruct you on the operation of
the APOLLO Loran receiver in a simplified easy to understand

manner.



DESCRIPTION OF OPERATION

This section of the manual explains in detail the operation

of the APOLLO Loran receiver. It is recommended that you .
read the Loran C theory section of this text before operating

the APOLLO, to obtain a basic understanding of the Loran C

System,

Below is the outline of the recommended operating sequence
of the APOLLO. Turn the unit on and:
1} Enter the GR! and secondaries for the desired Chain.
(GRI Mode)
2) Check the SIG moede for signal strength and distortion.
(SIG Mode)
3) Check your present position LAT/LONG coordinates for
accuracy.{P0S Mode)
4) Calibrate the LAT/LONG display to the actual known

position. (CAL Mode)
5) Enter and slew in desired waypoint coordinates. {0-9 .
Mode)
6) Select POS as the From waypoint and another waypoint
0-9 as the To waypoint to check the NAV and NAV-F
functions.




. SELECTING THE GRI AND SECONDARIES

Before operating the APOLLO I receiver, refer to the LORAN-C
sectijon in the manual to determine the Chain for your area.

LORAN-C Chain Coverage of the Continental United States

AVAILABLE LORAN-C CHAINS

GRI CHAIN GRI CHAIN

4990 Central Pacific ' 7990 U.S. Southeast
5330 Canadian East Coast 8970 Great Lakes

5990 Canadian West Coast 9940 U.S5. West Coast
7930 Labrador Sea 9960 U.S. Northeast

. 7960  Gulf of Alaska 9970 Northwest Pacific

7970 Norwegian Sea 9980 Icelandic

7980 U.S. Southeast 9990  North Pacific

Rev. 1 1283 A-19



The information for each Chain is printed as foallows in the

Loran C section.

U. S, WEST COAST LORAN-C CHAIN - GRI 9940 (old rate S56)
- @
STATION FUNCTION | COORDINATES DELAY/BASE- | RADIATED REMARKS
LINE LENGTH | POWER(KK)

Fallon, Master 3933 06.6 N 400 Two pulse comms

NV 118 49 56.4 W installed.

Gearge, Whiskey 47 03 48.0 N 11000/ 160G Two pulse comms in-

WA 119 44 39.5 W 2796.90 stalled. Dual-rated tcf
West Coast Canada
Chain.

Middletawn, Xray 18 46 57.0 N 27000/ 400 Exercises operational

CA 122 29 44,5 W 1094.50 control of chain, Con-
trol for W, X, and Y.
Two pulse comms in-
stalled.

Searchlight, Yankee 35 19 18.2 N 40000/ 540

NV 114 48 17.4 W 1967.30

Kerth Bend, Mansite 43 24 36.2 N Unmanned receiver
CR 124 14 27.9 M site.

i

1]
Ft. Pings, P Monsite 36 37 59.0N Unmanned receiver
CA 121 56 05,6 W site.

The Loran C Chain is selected by the first three digits of
the GRI..... 9940.

The secondaries are selected by the first digit of the
coding delay....

1) George, Wa. Whiskey 11,000
2) Middleton, Ca. = Xray 27,000
3) Searchiight, Nv. Yankee 40,000




DISPLAYING THE GRI AND SECONDARIES

1) Turn the APOLLO on and set g 3
the mode switch to GRI. D L@'
]

POWER

2} MWhen the unit is turned an

Chain Secondaries
the previously entered
Chain and Secondaries are I,;"1 ':l' ‘::' .-_" ";'
displayed on the upper
display. The lower dis- - : rj [}
- ]
play indicates all avail-
abile secondaries by the ﬁ X Y Z
r a u
first digit of their re- i a n 1
spective coding delays. i ¥ Z u
e e
¥

In this example the previously selected GRI, 599 and sec-
ondaries 2 and 4 are displayed on the upper readout.

The Towey readout displtays all available secondaries within
the Chain by the first digit of their coding delays. They
are displayed from left to right as Whiskey, Xray, Yankee
and Zulu.

When selecting a Chain with less than 4 secondary stations,

as in the previous example, the missing secondary is dis-
played with a dash.

ENTERING A NEW GRI AND SECONDARIES

In the example we will change from the 5990 Canadian West
Coast Chain to the 9940 U.5. West Coast Chain using secon-
daries Whiskey (1)} and Xray (2).



1) Set the mode
switch to GRI,
{Display shows pre-
viously entered Chain
& Secondaries)

2) Press SEL to enable
new GRI selection.
The first digit of

the GRI will fiash.

3) Press + or - to slew
thru the pre-program-
med GRI rates, until

the desired Chain is

displayed.

4) Press ENT to enter the

desired Chain in memory.
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5)

6)

8)

Secondary selection
is automatically
enabled, the first
digit will flash.

Press + or - to
slew in the de-
sired second-

ary (Whiskey).

Press ENT to enter
the secondary in

memory.

The other secondary
is automatically
enabled, the digit
will flash,

SEL

SEL

ENT

-
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9) Press + or - to BEARING RANGE

+ I e | ! o
slew in the de- s] 2 O T ! L
. WRK
sired second-
- t i 1 i
ary (Xray). { ; - - -
/&o{n’o I O MORROW Made in USA
BEARING RANGE
10) Press ENT to
) 5 ENT L I o S/ B Y | ! |
enter the sec- s| 4 1 i [
; WARN
ondary in memory.
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The GRI and secondaries will be retained in memory. Each .
time the APOLLO is turned on,automatic search and acquisition
of the entered stations will begin.

NEW SCCONDARY SELECTION

A11 available secondaries within the Chain are acquired and
tracked by the APOLLO. Since it only takes the master and
two secondaries (forming a triad) to display a LAT/LONG

position, the operator selects the appropriate secondaries.

Fach Loran C Chain covers a large geographic area. If you
refer to the following coverage map of the U.5. West Coast

Chain you can see that a large portion of the Western U.§.
is covered by this Chain. .



In making a trip from Portland, OR, to Los Angeles, CA, a
new secondary selectiaon would be requived enroute.

. LORAN-C

U.S. WEST COAST CHAIN
GR1 9340

Approximat Limit of Coveraga — 1:3 SNR end
% NM Fin Accuracy {05% 2dRMS|

LEGEND:
M FALLON
@ TRANSMITTING W GEORGE
©Q MoNITOR X MIDDLETOWN
Y SEARCHLIGHT

& MONITOR |AUTOMATED|

At the point of origin, Portland, you would operate on 994
W and X. Just south of San Francisco you would need to

. select the Y secondary. Thus, tracking 994 X and Y.



TQO ENTER NEW SECONDARIES

New secondaries can

power off,

1} Set the mode
switch to GRI.

2} Press SEL re-
peatedly until
the desired
secondary(s) is
enabled, The
first digit will
flash.

3) Press * or - to
slew in the de-
sired secondary
(Yankee).

the secondary in

memory.

Press ENT to enter

be entered

118

SEL

SEL

ENT

enrcute without turning the
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NGTE :

In

The secondaries may be entered in any arder on the
upper display,

this text, the secondaries entered on the upper

readout of the GRI MODE will be referred to as the

Upper Secondary and Lower Secondary.

FOR EXAMPLE:

The

CHAIN UPPER LOWER
SECONDARY SECONDARY
\ ~ /
oo It it =i
Y [ L

time differences (TD's) for the entered secon-

daries can be displayed in the POS MODE. In this
mode, the upper secondary is displayed on the top
readout and the lower secondary on the bottom read-

out.

Upper Secondary: Is the first secondary entered
which is displayed in the middle
of the upper readout.

Lewer Secondary: Is the second secondary entered

which is displayed on the far
right of the upper display.

When selecting secondaries you can typically select the

two secondaries that provide the best coverage for your area.

This is usually determined by your distance from the trans-
mitters. However, there are several other considerations
such as........

1) Baseline Extensions

2) LOP crossing angles

3) Signal strengths

4} Primary and extended LAT/LONG solutions
These «conditions are discussed and illustrated in the Loran

C theory section. A-77



SIGNAL QUALIFIER MODE

The SIG MOPE is an important feature for the operator. VYou

can monitor both signal strength and signal distortien. We .
recommend a periocdic check of SIG MODE to determine the

guality of the signal the APOLLO Loran is tracking.

To check the signal quality of the selected stations, turn
the mode switch to $IG. The APOLLG will display two sets
of numbers.

The top row of numbers represents the Signal-to-Noise Ratio
(SNR).

The battom row of numbers represents the Envelope-to-Cycle
Difference (ECD).

Upper Lower
MaStﬁ Secondary Secondary .
N N -

IS X,’ \,’_—,’ H/SNR Value

1
.. \ \

H -
P i L} 5 1 oEcD value




SNR_VALUES

Signal-to-Noise Ratio {SNR) values are displayed as numbers

from O to 9. The higher the value displayed the stronger

the signal and the less noise present. For most applications
a 5 value or higher will represent good signal conditions

and tracking ability.

Below is a reference to help you evaluate SNR values.

- Excellent
- Excellent
- Excellent
- Gogod
Gocd
- Good
- Fair
- Fair

- Poor

Lo A B U R 4 B o ) B == v ]
1

- No signal

If the SNR values drop to 2 or below the WARN indicator
will turn on with the Mode Switch in all positions.

Low SNR values can be caused by one or more of the following
factors.
1) Approaching or in a fringe coverage area.
2) Improper installation of antenna, grounding, or
power cables.
3) Any atmospheric interference caused by electrical
storms, lightning, sunspots, etc.
4) Military installation transmissiaons.
5) DOperating the APDLLO in a hangar or shed.
. 6) Interference generated by cther electrical equip-

ment such as compressors, etc.



ECD_VALUES

Envelope-to-Cycle Difference (ECD) values on the lower
display in the SIG mode represent the tracking point of the .
Loran signal for the master and secondary stations. The

ECD can be used to monitor the distertion of the Loran
signal.

The ECD values are displayed as numbers from 0 thru 9. LCD
values of 4's and 5's represent the ideal tracking point of
the Loran signal.

Below is a reference to help you evaluate ECD values.

- Unreliable
- Poor
- Fair
- Good
Good
- Good
- Good
- Fair

- Poar

L A " A= L TN B o - ¥ o )
]

- Unreliable

The APOLLO allows the operator to compensate for distorted
values and adjust the ECD to the proper value. The total
adjustment of ECD values or ECD bias is from 0 to 4.

ECD BIAS RANGE

m
~4 -3 -2 1 0 + +2 +3 +4




TO _ADJUST ECD VALUES

'|) Set the mode . BEARING RANGE

A H 1 x =y i =1
switch to SIG. 2 ' 1 i =1 ]

1 9

The SNR and o w
ECD values are it e = f ,:I
W [ i -
d1sp1ayed. Apalts £ 0 MORROW Wade ia $54

in this display the ECD values are reading a tittle low and
should be adjusted up to values of 4 and 5.

2) Press the XFR switch BEARING RANEE
. twice to display the XFR " 'I':'I'
compensated or ECD Wan
bias number on the
13
upper display. The XFR .
ECD bias adjust is <Al DmMOmROW  Mueaust
factory set to 0.
BEARING RAMGE
3) Press the + switch 3 |~ P b
. s (]
times to display o
an ECD hbias number
E
of 3. v
/&m’!a! 0 MORROW Madg s USK




4) Press XFR 4 times BEARING RANGE

N = [ i
to display the SHR XFR s ] [N f
WARN
and ECD values. XFR
E = i -
w -1 [} =
XFR Apolis T I MORROW Wads in US4
XFR

The same procedure can be used to adjust high ECD values
down by using the - switch when the ECD bias number is
displayed.

The distance your position is from the transmitting stations
will have a direct effect on the ECD values. The closer

you are to a station the higher the ECD value, the farther

away fraom the station the lower. This condition is caused

by the wave propagation of the Loran signal. If you are

close to a station or if the 3NR values are reading 7's or
higher, do not be alarmed with high ECD values. The ECD .
should read fairly constant with an SNR reading of 7 or

higher.

ECD bias adjustments will be retained in memory when the
APOLLO is turned off.

FLASHING £CD VALUES

The ECD values will flash during the cycle select process.,

When the APOLLO is first turned on a setting time of approx-
imately 2 minutes is required. During this time the APOLLO

is performing a cycle select function te determine the

proper tracking point. The ECD values will flash on and

off during this time until cycle selection is complete. .

The WARN indicator 5 also turned on while an ECD value
flashes. If the WARN indicator is turned on while enroute,
check the SIG MODE for the SNR and ECD status. You may
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have to change to a new Laran Chain or secondary station or
simply make an ECD bias adjustment.

SIGNAL STRENGTH DISPLAY

The APOLLC will also display signal strength values for
the selected stations. The signal strength display can
assist in determining the ideal location for securing the

antenna to the aircraft.

The signal strength has a 100db range and will display
values from 0 to 255,

SIGNAL STRENGTH DISPLAY
MIN MAX
m
0 255

To display the signal strength for the selected stations:

1) Set the function selector 2 '
XFR
to SIG and press XFR. ‘n :ll
iy SI6
M5 Lt
a4
_ Upper Secondary
Master Signal Strength
Signal ot o [~ N )
Strength -t re 2

i
P
. . \Lower Secondary

Signal Strength



There is a total of six

the XFR switch,

1) SNR and ECD

KFR

2) Signal Strength

XER

3) ECD Bias

XFR

4) Oscillator Values

different displays in the SIG MODE.
These displays are calied up in the following sequence with

-~

BEARING RANGE
=t i =
) ! i
e WARN
[ = i
! i
Apotla T 0 MORROW Nake in USA
BEARIRG RANGE
o B [ ]
Y — Y |
WiRN
=11t
I |
Apotia I T MORROW Made s USh
BEARING RANGE
171
[ )
WARN
/&nﬂ-! o MORROW Made in USA
BEARING RANGE
o A
= ! !
WARN
Iy Y
-1 ! i
patta ! o MORROW Wadn la 451




XFR

BEARING RANGE
5) Crystal Temperature, °C [ , S
s| 12 it iy B
WARN
E
w
/&a{lu! o0 MORROW Madn in 51
XFR
BEARIN
6) Software Date Code g _RANGE
' Iy ]
Revision § PO
WARN
: oot
w ot B O B
/&oﬂn ri I MORROW Made in USA

Press the XFR button again to return to ECD & SNK values

{Step 1)

The Oscillator Values, the Crystal temperature in
degrees Centigrade, and the Date Code displiays are
explained in detail in the Operator Troubleshooting

section.



POS MODE

The POS MODE is used to display:

)} Current LAT/LONG Positions

} Current LOP coordinates

} Previously stored coordinates

) Primary/Fxtended LAT/LONG coordinates

When the desired Chain and secondaries are selected in the
GRI MODE the APOLLO will automatically search and acquire

the Loran signals. To display current LAT/LONG positions

turn the mode switch to POS.

DISPLAYING CURRENT LAT/LONG POSITIONS

If the unit is turned on in the POS MODE you will observe
the following sequence on the displays:

1) The chain and pre- LS
viously entered
secondaries are
displayed on the
upper readout. The

BEARING RANGE
lTower readout wil] =N - 11
o

indicate all avail-

WARN
able secondaries in

i ot N, _

the chain. ¥ i [y T
@Iﬂ! I MORROW Madn i USH




. NOTE 1:

2}

When the Master signal
is acquired one zero
will be displayed on

each readout.

When both secondaries
are acquired the APOLLO
will begin to calculate
the LAT/LONG positian.

4) The cycle select

process takes ap-
proximately 2
minutes and when
completed the WARN
indicator will turn
aff. The calcu-
lated LAT/LONG for
the current posi-
tion is displayed.

displayed values
signal cenditions.

rui‘ Ell
BEARING RAMGE
] L]
I3 . i_i
WA
] 17!
w i
olfe I MORROW Made in KA
1 P 7
H [ ]
n ERI
(L] SIE
FOS CAL
NAY-F
BEARING RANGE
g LI I L Y ' By B |
5 A B oy e P A |
WiAN
€ [ e N e e |
| O B e I I
/ﬁgm‘lul I MCRROW Made in USA
i 5o
1 H
H )
! 3
'] ERI
Nay 316
FQS AL
NAY-F
BEARING RANGE
e [ Y B Sl B B B
3 | I |
WARN
E { 21 T ! |
wle I i 1 Lt i i 1}
/Egm'la[ I MCRROW Male in USA
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If operating in a fringe coverage or weak signal

area, the WARN indicator may stay on.
in the SIG MODE to determine the

Check the



NOTE 2: If the calculated LAT/LONG position is not correct
you will have to correct the displays due to signal
propagation ervors. This procedure is defined in .
the CAL MODE section. If the LAT/LONG display of
turrent position is a few hundred miles away from
your actual position refer to the Primary/Extended
LAT/LONG solution.

DISPLAYING CURRENT LOP POSITIONS

The actual Loran time difference (TD) measurements used to
calculate the current LAT/LONG position may aiso be displayed
in the POS Mode.

Te display the Loran TD's:

3 7
1 ¢ XFR
1) Set the function :mm msmm .
selector to POS ot

and press XFR. BEARING HANGE
" | Iy R i S ' B Ay UPPER
P L en St sEconpARY
WAlN
¢ o B o B o B I B ) LOWER
" = = L SECONDARY
_rotle O MORROW Made in USA

The Loran TD's are displayed in microseconds, with 5 digits
to the Teft of the decimal paint and one digit to the right
of the decimal point representing tenths of microseconds.
These TD's can be referenced to a Loran C Chart. The time
d¢ifferences on the Loran C Chart are represented by curved
ar hyperbolic lines.

These lines are referred to as LOP's (line of position) and .
your current position is at the point of intersection of
these two LOP's.

Loran € Charts with LOP grids printed cverland are available.
Contact your Il Morrow dealer or the II Morrow factory for
additional information.
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STORE AND RECALL

Your current positien coordinates can be stored in memory
by pressing the STC switch, with the mode switch in any
position. The stored ccordinates can be recalled anytime
by turning the mode switch to P0OS and pressing RCL. The
stored coordinates will flash.

The Store and Recall feature can be useful when a lecation
needs to be immediately recorded. The STO switch has only
one function which is to store current position coordinates.
Each time the 5TO switch is pressed, the current position

is stored in memory erasing the previous entry.



CAL MODE

The CAL MODE is used to:
1) Enter magnetic variation factors
2) Calibrate the LAT/LONG coordinates due to wave
propagation.
a. From known LAT/LONG offsets
b. From a known LAT/LONG position on the ground

ar enroute.
3) Ta select the desired cross track error (CDI)
distance.
4) Manually correct the Loran TD values.

For accurate NAV displtays correction factors must be en-
tered.

MAGNETIC VARIATION .

In order for the APOLLO's Bearing and GTA displays to read
magnetic bearings you will need to enter the magnetic vari-
ation factor for your area. The illustration below shows
the magnetic variations for the Continental United States.
You can also refer to the WAC Section Charts and Approach
Plates to determine the magnetic variation for your area.

Magnetic variations can alsc be entered enroute and the
Bearing and GTA displays will be corrected.

2%

15°€

0% 5%
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Fasterly variations will require a negative adjustment.
Westerly variations will require a positive adjustment.

To display the CAL values, turn the Mode switch to CAL.

58
k] 1
2 ]
] ERI
NAY 36
POS LA
NAY-F
Magnetic Variation Lat. Calibration
Factor /Factor
™ ;. [ I B |
it LI [ |
[ B A | [ I A |
i, 1 L} LT i
Cross Track Error Long. Calibration
Resolution
Factor
To enter magnetic variation factor:
1) Set the mode switch BEARING RANGE
Vs " 0T e [ e B |
to CAL. LN, G LI i
1 9 WAAN
o [+.11
N S16 - -
LTI £ [} [ | [0 A B ' |
v wl I, 1 Ld I AN |
/{zoﬂ- r I MORROW Mads 1a 434
2} Press SEL to enable BEARING RANGE
. s " Fr [y B o I |
magnetic variation SEL s o ;_;', ;'_f i
entry. The first WaARM
digit will flash. 1 B I o B [ A
W, U D
Apatls I T MORROW Made ln B34
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3) Press + for westerly +
variation.
Press - for easterly
variation.
BEARING RANGE
] - o [ L I o B |
§ [ i [ AN |
WiRR
[ o A A | | o B o B
L] [ S B I | [ Y |
éol[a i I MORROW Male I USSR

LAT/LONG CALIBRATION

Slight errors in the LAT/LONG readout of your current posi-

tion may be displayed due to the transmission of the Loran

C signal. The speed or velocity of the transmitted signal

can vary when it passes over different land masses including
mountains and glaciers. Also, seasonal changes will have

a direct effect on the Loran signals. These velocity

changes can cause distortion in the Loran C grids and in- .
accuracies in LAT/LONG conversions.

For accurate LAT/LONG displays and navigation it is impor-
tant toc enter the LAT/LONG calibration factors.

There are three ways to calibrate the LAT/LONG displays:
1) With a known position on the ground such as an
airport reference point (ARP).
?) With a known position enroute such as VOR coord-
inates,
3) With known calibration factors.

LAT/LONG CALIBRATION USING A KNOWN POSITION .

In this example the published LAT/LONG of Satem, OR, McNary
Field is N 44.54.60 and W 123.00.10.

A-42



The current position LAT/LONG display in the POS MODE is
reading N 44.55.05 and W 123.00.5%,

v 5 BEARING RANGE

~ -

1) Turn the MODE ?
1
switch to CAL, ’

= N
Q
o
-
= t
H
[
2
I-'|
.
.
.
I -
U
!
5
L
=
-

'PIIS CAL
NAY-F
Moo [ o
I B A i i 1y
,ﬁllo! O MORROW Made in USA
BEARING RANGE
2) Press XFR and then wal l® ”! i_’;' .r:' Lt ,l'Jl 1_"
1 - + -
ENT to display the WaRK
current LAT/LONG
_ ENT] [ B N N
coordinates. Ve P L O
.oﬁm'!u re T MORRQW Mads In USL
BEARING RANGE
3) Press 5EL to enable Wle NN AT = =
. s L S O e |
LAT coordinate cal- SEL T

ibration. The first

St e [ e
i

!
digit will flash. e FE D D T
.ﬁpﬂpf I MORROW Made In US54

BEARING RANGE
4) Press + or - to slew e CRER I S I s Y O gl o |
-+ s [ I B DA by B I |

the LAT display to WARK
di-

the known coordi _ . C o e
nate (44.54.60). w¥la I i ! I I, A 2
Apatlo 1 1 MORROW Mads in USA
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BEARING RANGE

5) Press SEL to enable .
LONG coordinate cali- SEL s L = =

bratioen. The first

-
-
-~
-
]
_
L]
i
-
-
~
1
o -
-

. . T S L il =y
digit will flash. wWe 5oz ::’ :'_:' t’ '_': ':l
o 1 MORROW Mads In USSR
BEARING RANGE
&) Press + or - to + e BRI i W B sl o
s jot 2 S B O Iy B |
slew the LONG
WARN
display to known
. - ¢ ey By B ' B SR Y |
coordinate. ] R ey S N T NN T A 2 |
/fﬂn'lal I MORROW Madn in USH

{W 123 00.10)

LAT/LONG_CALIBRATION ENROUTE

Providing you operate on the same chain and secondaries

the LAT/LONG calibration factors will be accurate for a radius
of approximately 200 miles, from point of origin. If you
change the chain or secondaries enroute you will need to
change the LAT/LONG calibration factors for accurate
navigation.

This procedure may be done if you fly over a known point

with a pubtished LAT/LONG coordinate such as a VOR.

In the example the point of origin was Vancouver, B.C.
Canada, and the destination is Salem, OR.

At the point of origin the Canadian West Coast Chain 599
was entered, along with secondaries Y{(2) and Z{(4),
A-44



Just north of Olympia, WA.

the U.S.

West Coast Chain 994

is entered alaong with secondaries W(1) and X(2}. The Olympia

WA.

VOR coordinates N 46°58.30 and W 122°54,00 can be used

to recalibrate the APOLLQ enroute for accurate displays.

As you pass over the VOR:

ENT to enter these coordinates

1)} Set the MODE Switch to CAL.
2) Press XFR,
3} Press
4} Then,
using known coordinates.
5) These coordinates will

be vretained

in memory.

perform the LAT/LONG calibration procedure

in memory and

and can be calibrated at the operators convenience.

1) Turn the MODE switch
to CAL and press XFR.
The previously entered

LAT/LONG 1s displayed.

2) Press ENT to enter
Olympia coordinates
into memcry. Slew

these coordinates to

the published LAT/LONG.

N 46°58.30
W122°54.,00

1

1 7
H &
@’ KFH
[] &M
L1 $IE
POS  GAL
NAYF
BEARING RANGE
ule _yoiIore Ly oot
H (] | S R S A
WARH
3 | I By B e B i B Mo b |
wie I i 1, 1D L, ici 1)
/&.l!a I O MORROQW Mady la §54
ENT
BEARING RANGE
e [ B ol Y Sl o By B g
s (| - 21, 0
WARN
3 e Ay B N A A
wle I 10 Il ! LI - )

/ﬁgaﬂo I

O MORROW

Made I UTA



3) Press SEL to enable
the LAT coordinate
calibration. The
first digit will
flash.

4) Press + or - to slew
the LAT display to
the published coord-
inates. (N 46°58.30)

BEARING RANGE

5} Press SEL to enable the

LONG coordinate cali-
The first
flash.

bration.
digit will

6) Press + or - to slew
the LONG display to
the published coord-
inate. (W 122°54.00)

SEL

e s
SEL{ I i S Y ' O R |
WAAN
t ST Y T oo
wie I 1 Il =1 i, 1 1
t‘&dl’lﬂ! 1 MORROW Madn in USR
BEARING RAHGE
+ Ve LR i S i ey B |
s A e B o B B Y
WARAN
- e =
] I R e e e By Ty
/&o{l’o I O MCRROW Mz s USH
BEARING RAHGE
“le N =

= |
N ' R A o e I Y

o

WANK

ot B e I T
I

we &1 1D _t (I R

Apatle I Il MORROW Mait in USA
BEARING RAKGE

e R ol o e B

s R B A P A Y |

WARN

m

alle 0 MORROW Hala in SR




LAT/LONG CALIBRATION USING KNOWN CALIBRATION FACTORS

There are no published LAT/LONG corrections to assist in
LAT/LONG calibrations. However, the APOLLO does display
the actual LAT/LONG offset values. These values may be
recorded in the supplied waypoint Tog. If these values are
recorded along with destination coordinates, they can be
entered to offset the LAT/LONG display for accurate navi-

gation,
VS BEARING RANGE
}) Turn the MODE . v L o e Fmr——
switch to CAL. g S L1 Li. i Ly
Ky SIG WARN
POS  CAL
NaY-F
A o Y A o B
LI P Lr,onr o
&n!x’n{ I MORROW Mads 1a U5 4
REARING RANGE
2) Press SEL twice to - P —
SEL ] . Ear i o B
enable LAT cali- : L_ ! LAt L
WARN
bration. The first
o . "1 - =t 1
digit will flash, SEL . i, ;’,’_," ,'_,'_ ,'_f ,’_,'

Apolls § O MCORROW Main in ISR

BEARING RANGE
| I S B R o e B
3) Press + or - to slew || s o Wi, 280
in the LAT calibration e
r. el By N Y =~ rrom
facto of L1, i, g Lt
/ﬁﬂn! I MORROW Made In USA



BEARING RANGE

4) Press SEL to enahle SEL NG
LONG calibration. - ! Lr. -1 J
WARK
The first digit will
[ B A A | A A
flash. W i, 1 L) 3 _Lf Lf
_Apatts I T MORROW Matn In usR
BEARING RANGE
5 p + - ] e Y B Y o By B
) ress or - to + ! s oo
slew in the LONG WaRK
calibration factor. — e~ 1 i1 N =
wl L1, 1o LD
/&n{l’u! I MQRROW Made In W54

CRDSS TRACK ERROR DISTANCE

The ¢ross track error display in the NAV function is a

visyal indication of direction to steer te stay on course. .
The course being an imaginary line between the From and To
waypoints.,

Cross track error is displayed as either a numerical display
of nautical miles off course or by a bar graph presentation
as a distance off course.

When you are on course, the center full bar is displayed.
The half bars indicate direction to steer to get on course.
In order to make this receiver more useful to wider variety
of users, the APQLLO allows the user to select the distance
each half bar represents.

i
w L I B B

énlh I I MORROW Made in USA

Typical cross track

error as displayed
the NAV MODES
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The selections available

miles per bar.

0.10
0.05
0.02
0.01

nautical
nautical
nautical
nautical

TO SELECT THE

mile
mile
mife

mile

CROSS

608
304
122

61

are

feet
feet
feet
feet

per
per
per

per

.05,

.02,

bar.,

bar.

bar.

bar.

and

TRACK ERROR DISTANCE

Set the MGDE
switch to CAL.
Press SEL four
times until the
cross track evror
distance is en-
abled. The first
digit will flash.

Press + or - to
select the de-
sired distance.
(0.02 nautical
miles per bar

2)

is entered).

.01 nauticail

v 5§
3 7
z ]
I ' SEL SEL SEL SEL
[ Ghi
LI} 516
FOS  CAL
MAy-f
BEARING RANGE
[ - o 1. [ ey B
H - I [ =1
WARN
LI o T I | [ I I ey
L1 I I | I, !
/Ee.l{u.{ MORROW Made in USA
BEARING RANGE
+ [ - S oo _ oIz
s I N By B |
WAlN
- A A | [ N B
: wloLa, LD B N e
,ﬁgm‘{o I I MORROW Made in NIA



WAYPOINT MODE

The MDDE switch positions O thru 9 can be used to enter

up to 200 different waypoints. Waypoints are entered into
memory as LAT/LONG coordinates. FEach MODE position O thru
9 will accept 20 different waypoints, For example the O
Mode switch positicon will display the following 20 way-
point numbers; 0, 10, 20, 30, 40, 50, 60, 70, 80, 90, 10OC,
110, 120, 130, 140, 150, 160, 170, 180, 190.

Waypcint numbers are increased or decreased by a factor of
10 with the + and - switches.

Waypoint numbers are increased or decreased by a factor of
1 with the MODE switch positions 0 thru 9.

Waypoints can be broken down into 20 groups or trips of 10
waypoints. This is shown on the following page.




WAYPOINT GROUPS

GRQUP MODE SWITCH WAYPOINT
. {Selected with + POSITION NUMBER DISPLAYS
and - switch }

0. . . .0-9, . . .0 thru 9
1 .. .0-9, + . 10 thru 19
2 . . L0-9.0 . L. 20 thru 29
3. . L0-9. « « « 30 thru 39
4 .0-9, .+ . 40 thru 49
5 . . . .0-9. 50 thru 59
& . .G-9. . 60 thru 69
7. . .0-9. . 70 thru 79
8 .. .0-9, 8¢ thru 89
9 . .0-9, . 80 thru 99
10 .0-9, 100 thru 109
11 . .0-9. 110 thru 119
. 12 . .0-9, .120 thru 129
13 .0-9, « « .+ « . 130 thru 139
14 . . . .0-9, + +« + .« . 140 thru 149
15 .0-9. 150 thru 159
16 .0-9, .160 thru 169
17 . . .0-9, 170 thru 179
18 . .o . .0-9. .180 thru 189
19 . . - .0-9. . .190 thru 199

The following pages describe how to select a waypoint

number. To assist you in selecting waypoints the explanation

shows how to display all available waypoints consecutively

from 0 to 139. However waypoints may be displayed in any
. method convenient to the user.



SELECTING A WAYPOINT NUMBER

1)

3)

Turn the MODE switch
to 0.
or previousiy enter-
ed LAT/LONG coordi-
nates will be dis-

Either zerces

played. {Zeroes in-
dicate an unused

waypoint).

Press XFR to display
the waypaint number
on the upper read-
If the dis-
play is neot 0C,

out.
press the - switch

until 00 is displayed.

Rotate the MODE
switch from O
thru 9.

per readout will

The up-

waypoint
thru 0%,

display
numbers 00

4 5.
3 ?
H 3
1 [ ]
] o]
(1] -
05 CAL
MavE
BEARING RANGE
] [ i L I B ' B ' B |
H ) F Y R S A N A |
[T
£ [ N i N i B B |
W I Y A N N |
Asolio I I MORROW Watn le UE1
XFR
BEARING RANGE
n [ A |
H [ |
WARN
[
w
Apallo T I MORROW Mude In ISR
NQG
PFOS  CAL
Navs
BEARING RANGE
L] g B )
5 [ -
WARN
t
W
Apetia I I MORROW Wads In 354




4) Turn the MODE

switch back to +
. 0 and press the e
KAY-F
+ switch. The
BEARING RANGE
upper readout ‘ f :7
: . H Il
will display —
waypeint num-
ber 10. v
/fgn([o! I MORRCW Made in DSA
5) Rotate the MODE
sWwitch from 0 to
9, The upper
readout will dis- BEARING RANGE
play waypoint : . i E{
. numbers 10 thru WARN
19, £
w
@1’01 IO MORRQW Matu In 4358

You can repeat steps 4 and 5 until all waypoint numbers
from 0 fo 199 are displayed.

To display the LAT/LONG coordinates for any waypoint number
press XFR.
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WAYPOINT ENTRY

There are three methods of entering waypoints:
1) Entering current position coordinates as a waypoint. .

2} Slewing in new LAT/LONG coordinates as a waypoint.
3) Entering previously stored coordinates as a waypoint.

METHOD 1 - 7O ENTER THE CURRENT POSITION AS A WAYPOINT

The APOLLD allows the operator to automatically enter the
current position as a waypoint. Select the desired
waypoint number and press ENT, the current position co-

crdinates are entered a&s a waypoint.

To enter current position as a waypoint:

3 ?
1) Select the desired f@’.
waypoint number. o f o

Waypoint number O PR

. EEARING N
is shown. 5A GE_ -
" 1o
s i i
WARN
E
w
/ﬁgoﬂa Fe 1 MORROW Wade in 454

2) Press XFR and ENT
to enter current XFAR ERT
position LAT/LONG

di tes as a BEARIKG RANGE
coordina Nie [ I L e v Y b B |
waypoint, H (- o B Y B B |

WARN
£ | I By B S S B S i |
wle t i i - | R S |
Agelia I 0 MORROW Made in USA




METHOD 2 - SLEWING IN NEW LAT/LONG_COORDINATES AS A WAYPOINT

You may enter any LAT/LONG coordinates as a waypoint{s) an
the APOLLD. The hemisphere indicaters are automatically
selected and displayed.

The waypoint coordinates in MODE 0 thru 9 are displayed

to the hundredth of a minute. Most published references
supply LAT/LONG coordinates to the tenth of a minute. When
using these references slew the hundredth of a minute dis-
play an the APOLLO to zero.

Some published references 1ist LAT/LONG coordirates
in Degrees, Minutes, and Seconds. You will need to
convert the Seconds to Hundredths of a Minute to
anter these coordinates in the APOLLO.

To convert Seconds to Hundredths of Minutes divide
the Seconds by 60.
For example: N 27°31'43" = N 27°31.72"

43 : 60 = 0.72

To slew in new LAT/LONG coordinates as a waypoint select

the desived waypoint number, Enter the current position
LAT/LONG coordinates (Method 1) as a reference to slew

from. Enable the LAT displiay with the SEL switch and press

+ or - to slew the display to ihe desired coordinate. Enable
the LONG display with the SEL switch and press + or - to

slew the displtay to the desired coordinate. When the de-
sired coordinates are displayed do not push ENT or STO.

The disptayed coordinates will bhe retained in memory.

In the following example the coordinates for Portland Inter-
national will be entered in waypoint number 1. The publish-
ed coordinates for Portland International are N 45-3%.4

and W 122-35.6. T7The curvent positian is Salem, Or. co-
erdinates N 44-54.60 and W 123-00.10.
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To slew in new LAT/LONG coordinates as a waypoint:

BEARING RAKGE
1) Select the desired 1 e’ ' o
FH ] H i_! i
waypoint number. ‘o A Wtan
: L1 11
Waypoint number 1 Mg ot ;
is shown, v
offe I MORROW Math in USK
2) Press XFR then ENT BEARING HANGE
XFR ‘e [ I R I Bl
to enter current $ L P N
position coordi- -

_ ERT t | B R B B o B A
nate as a refer PO B foLt, 1oLt
ence to slew from. Aolte I I MORROW Mads in USA
(LAT/LONG for
Salem, QOv, dis-
plaved}.

3) Press SEL to enable BEARING — AANGE
] SEL Wfe PO I DLl o OO gl
the LAT coordinate § L R Ty =
slewing. The first "
PR : £ [ et ey Y o B | -
digit will flash. e 17 S0 L ‘f"_}'
Apslla £ T MORROW Made in S
4} Press + or - to BEARING RANGE
\ N 10 EI i ey B g I B o |
slew in the desir- + : e = = -
ed coordinate. The Whh
longer the switch -— :. '; ’:, :l";.';'; 1~ i I1m
is held the quicker * — ol Lr. 1
fﬁol{- F T MORROW Made in WA
the slew rate. {LAT
for Portland Inter-
national displayed}.
5) Press SEL again to SLARING - P EA“GE
. SEL e [ I il ey B g O B |
enable LONG coordi- s a1 i
nate siewing. The -
. . s t e B B B Y AN
first digit will e P2 L ,‘_,’
flash. Apatio I T MORROW el fa U5
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) Press + or - to slew +
in the desired coord-

inate, The longer the BEARING RANGE
; . i R W A
switch is held the b L T

quicker the slew rate.

(LAT/LONG for Portland e B I ey B o S by |
: . we 1 IZ £ o Sy O il B |
is displayed). Apatle I O MORROW Wale i USA

The LAT/LONG coordinates for Portland International are
shown and will be retained in memory as waypoint number 1.

This same procedure can be repeated when entering any new
LAT/LONG coordinates as waypoints.

METHOD 3-TO ENTER STORED COORDINATES AS A WAYPOINT

Stored coordinates are retained in memory any time the
STO switch is pressed. To recall these coordinates turn
the MODE switch to POS and press RCL. The stored coordi-
nates will flash.

These stored coordinates can also be entered as a waypoint.

Anytime you want to store a location in memory and may not
have the time to select a waypoint number and enter this
location as a waypoint you can press the STO switch. The

location can be recalled Tater and entered as a waypoint.
NOTE: The store function will only retain one location.

Each time the STO switch is pressed the previous
entry is erased and the new location is stored.
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To enter stored coordinates as a waypoint:

1) Turn the MODE ALY BEARING

switch to POS :@'s :' ': ’-' * "..' ':
9 Ghl
and press RCL. al"’i.u.f“m i
The stored 3 I B B o S i I o
dinates wle ro£T T on orgoadoild
coordina RCL Apslle I I MORROW Wode ia WS4
will flash.
BEARING RANGE
2) Select the desired " Moo
. b 2 b s T |
wavnoint number. 2 ! T
Waypoint 3 is [ oAl
LL1] SIE £
shown. Mot w .

Apetlo I 0 MORROW Hake in USA

BEARING RANGE
3) Press XFR and XFR e U i o B B o B |
ENT to enter s [ - [ R A A A A )
WAAN
the stored
: ENT £ | e’ B B o/ T ' B o Y
location as wle [ 12 St b i, 1y It
a waypoint. . Aoalte I 1 MORROW Made in USA




DEFINING A COURSE

. The previously entered waypoints are used to define a
course to steer, To define a course to steer, select POS
or a waypoint as the point of origin and press FRM. Select
the destination waypoint and press TO. Turn the MODE switc'
to MAVY. The Bearing and Range for the defined course will
be displayed,

POINT-TO-POINT BEARING AND RANGE

The APOLLO can display Bearing and Range between any two
pre-defined waypoints. You may select two waypoints other
than your current location and check the Bearing and Range
between the two locations. ATl NAY and NAV-F displays are
based on great circle routes and can be displayed as true

. or magnetic bearings by entering the magnetic variation
factor.

In the following example the Bearing and Range from
Portland, Or. and Reno, Nv. will be displayed. Let's
assume that the coordinates of Portland International are
entered in waypoint number 5 and the coordinates for Reno,
Nv. are entered in waypoint number &. Select waypoint num!
5 and press FRM and select waypoint number 6 and press TO,
Turn the function selector to NAY and press RCL. The
Bearing and Range from waypoint 5 to waypoint 6 will be
displayed. The Bearing in this example is displayed as a
true bearing.

The point-to-peint feature is used for calculating the

. Bea_ring and Range between the selected waypoints and for
displaying the FROM and TO waypoints used to define the
course. The displays in the point-to-point mode will not
update with changes in your position.
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DISPLAYING POINT-TO-PQINT BEARING AND RANGE

1 e 7 BEARING RANGE
1) Select the desired ,’O', e Ly - e :'l 1_" 1! ':":

- ] P U ! - L
waypoint and press o o
FRM. (WP #5 Portland). ™™ -
£ e e I ey B Y gl |
FRM we i 1- I i B I Y |
/Egaﬂo[ 0 MORROW Wadn in USR
:n L] ; BEARING RANGE
2)Select the des- 2 ' e o S i B Ty O o B v Y |
A 2 s i ey Y Sy S Y 8
tination way- -~ T
gint and press i
P : =)
TO.{WP #6 Reno). 10 we I 1 I [ o Y B |
fﬁgm’!«! o MORROW Made in USA
3} Turn the MODE za‘”:s BEARING RAMGE
: " [ 2 i by B Ay SR s B iy
switch to NAV . o d ol A E B
and press RCL. W am
The displays £ - I
indicate Bear Y <! ~ i
RCL _rpeta I O MORROW Made In 054
ing and Range
from waypoint
5 to waypoint
6.
4) Press RCL to clear -~
the point-to-point display.

The point to peint Bearing and Range can be displayed in

the NAV-F mode also. .

To display the reciprocal Bearing reverse the FRM and TO

waypoints,



If the current position {P0OS) is selected as the FROM
waypoint and another waypoint as the destination, current
position will be displayed as PP.

BEARING RANGE
[N i I I B B gl g b |
| Iy B Pt Ty I Ay Y |
WARN
E [ | - |y
w | )
olle I MORRCW Mads ia Y32

NAV_AND NAV-F MODE

. When a course is defined the NAV MODE dispiays the followin
data to the destination:

1) Bearing in degrees.

2) Range in nautical miltes up to 9,999,

3) Ground track angle (GTA)} in degrees.

4) Ground speed {GS} in knots.

5} Estimated time enroute (ETE) in minutes.
6)

Cross track ervor (CDI).

When a course is defined the NAV-F MODE displays the follov
ing data to the FROM or point of origin waypoint.

1) Bearing in degrees.
2) Range in nautical miles
3) Ground track angle (GTA) in degrees.
. 4) Ground speed (GS) in knots.
" 5) Estimated time enroute (ETE) in minutes,
6) Cross track error {CDI).
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In the NAVY-MODE the Bearing and Range to the destination
waypoint is constantly displayed on the upper readout.
The lower readout is specified by the operator with the

XFR switch. .

In the NAV-F MODE the Bearing and Range to the FROM or
point of origin waypoint is canstantly displayed on the
upper readout. The lower readout is specified by the oper-
ator with the XFR switch.

You may display different navigation data in the NAV and
NAY-F MODES. For example you can display cross track error
{CDI) data in the NAV MODE and display ground speed {GS)

in the NAY-F MODE. Both dispiays are available by turning
the MODE switch to NAV and NAV-F,

NAY DISPLAYS

When in the NAY or NAV-F MODES, you may select the desired
navigation display by pressing XFR.

BEARING RANGE
N - =5 - - - .
; S ' U | Bearing and Range
WARN
|3 I Y N | =t I
o ko = Ground Track Angle
/‘ﬁgm‘lcl 0 MORROW Made In NS
XFR
BEARIME RANGE
N i L oy By B Bearing and Range

(]
H | L. ot
WARN

3 I Y [y B g
W N Ground Speed
Apatte I I MORROW Magy [n SR



XFR

. BEARING RANGE

" (O I Y B T A | ;
s - 1'_1" 1 ] Bearing and Range
WiRN
- LT =it X .
U] I I e 2o Estimated Time Enroute
/‘&uﬂo} I MORROW Made in USA
XFR
BERRING RANGE
! ot 2 o B T Ay B B by | :
: =L LR Bearing and Range
WARN
L i
" te rio Cross Track Error(CDI)
/ﬁgcﬁ’a{ I MORROW Made in USA

CROSS _TRACK ERROR

When a course is defined as FROM and TO the APOLLO inter-
nally draws the course line between these two points. The
Cross Track Error display in the NAV MODES presents a visual
indication of direction to steer.

The Cross Track Error display is a bar graph presentation
representing the off course error. MWhen the aircraft is
on course a center full bar is displayed. If you drift
from the intended flight path half bars will turn on in-

. dicating direction to steer. 3Six half bars te the right
or Teft of the center bar can be displayed. If you drift
further off course the next display will be a numeric in-
dication of nautical miles off course. The maximum off
course distance is 9.9 miles. This display will flash
until the error is less than 9.9 miles,.
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CROSS TRACK ERROR DISPLAYS

] 1~ 1
W L
/&nﬂo! 0 MORROW Made in USK
3 | ]
w i, 1
/&oh‘u." I MORROW Made In USSR
1 f
W 1o I
/faolfol T MORROW Made in USh
€ !
« 1
/Egul{u! I MORROW Mady In US4

Numeric display in-
dicates you are 0.9
miles off course.
Steer right.

Numeric display in-
dicates you are 1.2
miles off course.
Steer left,

Half bars indicate
steer left.

Center bar only in-
dicates you are on

course.




The following figure illustrates some of the navigation
data available on a defined course.

BEARIKG RANGE
X A S E
? L]
WANN f .
Q GAl
. ! Mhas e
w L B ) I [
Aputle I I MORROW Made in GSA
4
DESTINATION
/
CROSS-TRACK
ERROR
/
/ BEARING
. /& RANGE TO
DESIRED / DESTINATION
MAGNETIC TRACK
NORTH

|

—

,_ff’éEAan PRESENT
& RANGE TO ORIGIN POSITION

-
-
ORIGIN
BEARING RANGE

AL ] B I el A I
2 | B -1,

.
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navf 1L [ B b |
. wle it i [ ]
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ADVANCED OPERATING ROUTINES

This section deals with APOLLO operating functions that are

. not required for normal operation in prime Loran C coverage
areas, oy to displays that are used to provide performance
and service checks.

CYCLE SLIP

In most Loran £ <coverage areas, the APOLLD will automat-
ically track and update positions. But in some areas of
high noise or fringe coverage areas you may need to prevent
cycle slip and position errors by placing the receiver in
the MANUAL TRACK MODE.

Cyclie slip can be detected in the S5IG MODE. If the ECD
. values are flashing and won't remain constant after the
unit has been on at least two minutes a cycle slip problem

exists.

Cycle sT1ip may also be detected in the POS MODE when the
LAT/LONG coordinates or TD values won't settle and un-

correctable position errors accur.

In both of these cases the WARN indicator will be turned
on.

Cycle slip may be controlled by:
1) Making an EC0D bias adjustment as explained in SIG

MODE section, or
. 2) Placing the unit in the MANUAL TRACK MODE.



MANUAL TRACK MODE

The Manual Track Mode can be useful when operating in a high

noise or fringe coverage area when these conditions affect
tracking.

You may also want to seiect the Manual Track Mode if your
flight ariginates in a good coverage area and the destination
is in a fringe area or the mid continent gap. The Manual
Track Mode locks the receiver on the signal and prevents any
automatic cycle correcticons.

The Manual Track Mode can in some cases extend the tracking
ability into fringe or weak signal areas. Before selecting
the Manual Track Mode reference your known position with the
displayed position in the POS MOOE.

T0 SELECT THE MANUAL TRACK MGDE

1) Turn the MODE switch s BeARING BANGE
3 7 ] - ) [ L B B N
to CAL. Cal values ! "o ! bl o
. WAAN
are displayed. e 4o
FOS  GAL - -
Narf "1 [ | [ B
I R AN | T B B |
/fgal‘lnf O MORROW Made in USK
2} Press XFR twice to BEARING RANGE
) XFR 1 |- [ Y i B
display the Loran s [ {2 O i O |
TD'S WAAK
E =TT oI
XFR M A oy N 2 R By Y i
Apolte T 1 MORROW Made is US4



3) Press ENT to select

BEARING RANGE

and enter the Manual , e =
5 s [ o S

Track Mode. The EXT - \\\

TD decimal indi-

t ' 0 o I it B Y A B

cators will flash. w (D oy B | i 10
Apoita [ 1 MORROW Mace i[ usa
Flashing

on/off

When the receiver is placed in the Manual Track Mode,

positions will be updated along with all NAV displays.

BEARING RANGE
" [ Y g M b B
4} To clear the Manual ENT . N e R A
Track Mode, press T
ENT again. t o S DY o S B I Y I
W [ ' Y I Y T A
/&m’.’o[ I MORROW Made in USK

CORRECTING TD VALUES

If the Laran signal becomes distorted by strong interfer-
ring noise, weak signal, or if the ground wave becomes con-
taminated with skywave, the receiver can slip cycle and
cause erroneous positions to be displayed. These errors
occur in 10 microsecond increments. The actual time
measurement bhetween the 100 KHz Loran c¢ycles is 10 micro-
seconds. These potential 10 microsecand errors are inherent
in the Loran C system and usually occur only in fringe cov-

erage areas.



You should record the actual TD's displayed for your air-
port or Tocation. These TD's can be used as a reference to

correct for position errvors caused by ¢ycle s19p.

If beth TD's are reading higher or Yower than normal, the .
master signal will have to be corvected.

If one of the TD's is reading higher or lower thanm normal,
the master signal will have to be corrected.

TD CORRECTION PROCEDURE

Before the TD displays can be corrected, select the Manual
Track Mode. Turn the MODE switch to CAL and press XFR
twice to display the TD values, Press ENT to select and
enter the Manual Track Mode.

1) Press SEL to BEARING RANGE
: ey B o R O
enable Master 10 SEL s e o O R B

. WARN
microsecond cor-

1 b ot S oy S o B SR A DO
rections. Both 10 . P B I
microsecond digits Apatio I 1 MORROW P
will flash.

BEARING RANGE
" | e Y ey B o B |

2) Press + once for each |« ' P A =
+10 microsecond cor- WARN
rection of both dis- ] = ,_,' '_.'
plays. " [ o Y I 1

oot
Apatie I 0 MORROW Made in USA .
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3)

4)

5)

6)

Press - once for

each -10 micro-
second correction

of both displays.

To correct the upper
TD value press SEL
again. The 10 micro-
second digit for the
upper display will

flash.

to

increase or de-

Press + or -

crease the dis-
play by 10 mic-
roseconds.
(Minus shown)

To correct the
lower TD value
press SEL again.
The 10 micro-
second digit for
the lTower display
will flash.

BEARING RANGE
—_— N | Iy B sl A B iy |
5 [ [t B B A B
WRRN
; it B e Y o e B A
w ool i H i, 1)
Apotle § I MORROW Wade in LSA
BEARING RANGE
" | S Y g S o B
SEL 5 [ [ iy B B
WARN
3 U o N A
W L Y | 1. 12t
/ﬁgoﬂo! I MQRROW Made in US4
BEARING RANGE
- [ I i g b A |
H | LAY B N A AN
WARN
t Doy B v Y o B Y Y B o
w [ i Y O A | [
_Apatle I I MORROW Madt in USA
BEARING RANGE
¥ [ Y e N ' B o |
SEL 5 [ - Ly Sy B I B
WARN
t e B o Y o S A A
w L ey A e I
/‘&f{ol O MORROW Male n USK




HEARING RANGE

7) Press + or - to + . . 1 = - o
increase or de- s R = e
WARN
crease the dis-
. ; iy B | i e N B
play by 10 mi- w o e SR T B S B Y |
croseconds. Apalto I O MORROW Made n USK

(Plus shown}
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PRIMARY_AND EXTENDED LAT/LONG SOLUTIONS

Due to the positioning and geometry of the Loran trans-
mittevs, PRIMARY and EXTENDED LAT/LONG solutions are
available when the Loran receiver converts Loran TD's
to LAT/LONG.

The PRIMARY solution is automatically calculated and
displayed on the APOLLO in the PDS MODE. In most cases
you will be navigating in PRIMARY areas. However, if you
are operating near a haseline extension or in an extended
area you may need to display the EXTENDED solution.

The position difference between the PRIMARY and EXTENDED
solution can be several hundred mites. Usually it is
obvious which LAT/LONG solution to use for navigating.

The only area that may be confusing is when you are navi-
gating near a baseline extension, which is clearly marked
on the coverage maps in the Loran C theory section of this

manual.

The EXTENDED areas are alsoc shown in the Loran C theory
section. To help you understand PRIMARY and EXTENDED areas,

follow this procedure:

1) Using an actual map or
chart, place the Master
and 2 secondary stations
in their geographic lo-

cation MDDLETOWH.CA.




2)

To

2)

Connect the trans-
mitters by the
baseline and EXTEND
the 1ines through
each transmitter as
shown.

Shade

between the exten-

in the area

sions to determine
the EXTENDED areas.
Nen-shaded areas are
PRIMARY .

display the EXTENDED sotutian:

Turn the function

4 58

3
selector to POS, fO'g
The PRIMARY LAT/ XA

LONG solution is
displayed.
Press the - switch

to-display the
EXTENDED solution.

MIDDLETOWN .G,

HEARING RAMGE
e [ AL B Y B |
5 T ) I S T
WAAN
€ R B o B Ry T Y o B |
") PR B T i R I N
&on’!’u I I MORROW Made in EER
BEARENG RANGE
1T T B B oy BTN oy SR ey B
s (O e Y Y Y S B o |
WRAN
£ PO B ' Y B Y Y o B |
we 1 I | I DR i e |
zﬁoﬂo I I MORRCW Made in USK




When the EXTENDED solution is calculated a (-) minus
symbol is displayed to the left of the latitude coordi-
hate.

To restore the PRIMARY solution, press the + switch.
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PROGRAMMING THE APOLLO WITHOUT SIGNAL INPUT

fhe user can enter waypoints and display point-to-point
Bearing and Range without signal input from the preampli-
fier and the antenna.

The last LAT/LONG coordinates displayed on the APOLLO bhe-
fore the power was turned off are maintained in memory.
These coordinates may be used to enter new LAT/LONG toca-
tions as waypoints. Refer to Method 2 in the WAYPOINT
ENTRY section of this manual,

You may also select a From and To waypoint and display
the Bearing and Range between the locations. Refer to
DEFINING THE COURSE and PDINT-TO-PCINT BEARING AND RANGE
sectigns in this manual.

Without signal input the GRI, SIG, CAL, and POS MODES will
only disptay the previously entered chain and secondaries.

The NAV and NAVY-F can be accessed for point-to-point Bea-
ring and Range with the RCL switch.




OPERATOR TROUBLESHOOTING

This section deals with a few iscliated problems which may
be corrected by the operator.

CHAIN AND SECONDARY DISPLAY ONLY IN THE POS MODE

1) Check for the correct GRI and secondary selection by
turning the MODE switch to GRI. Select and enter the

proper Loran Chain for your area.

2} Antennaz must be located outside of any sheds, hangars,
buildings, etc.

3) Verify transmission of Loran signals with other operators
or your local Il Morrow dealer.

ZEROES DISPLAYED IN THE POS MODE

1) Turn the MODE switch to GRI and enter the proper second-

aries for your area.

2) Check the SIG MODE for SNR and signal strength displays.

ERROR IN LAT/LONG DISPLAY OF CURRENT POSITION

1) Check calibvration values in the CAL MODE and adjust
LAT/LONG for an accurate display.

2) Check for improper selection of PRIMARY and EXTENDED
LAT/LONG solutions,

3) Check the Loran TD display in the POS MODE. Make a
manual TD correction.
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LAT/LONG DISPLAYED BUT NOT UPDATING POSITIONS

1} Check the SIG MODE for proper SNR values. Re-acquire
the Loran Chain. Power off, power on. .

2) Check your position to see if you are navigating along a
baseline extension.

3) Make sure the function selector is set to POS and not a
waypoint positioen {(0-9).

ERROR IN NAVIGATION DISPLAYS

1) Check the calibration values in the CAL MODE for correct
entry.

2) Check for improper selection of PRIMARY and EXTENDED

LAT/LONG solution. .

3) Check waypoints used for FROM and TO. Re-enter way-
points.

SERVICE_DISPLAYS

The APOLLO displays service information to aid the dealer
in isotating problems should the need arise. These dis-
plays appear in the SIG MODE and can be displayed by the

operator.
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OSCILLATOR OFFSET AND TEMPERATURE DISPLAYS

1 } Turn the MODE BEARING RANGE
" =t [} ]
switch to SIG. H i I} i
SNR and ECD .
values will be ; r_'r l:, r_:
displayed. Apelta I I MOFROW Mads in USH
2} Press XFR three BEARING RANGE
. . XFR Y [t S Y |
times to dis- s o !
play the oscil- s
XFR - p
lator offset . PR S |
o e B |
values. YFR Agotte T T MORROW Haie in USA
BEARING RANGE
3) Press XFR again vl o[ - -
to display the internal : L;“ - e
Crystal Temperature
]
in degrees C. M
/&olfu I 0 MORROW Made in USA

DISPLAYING THE DATE CODE

The APOLLO will also display the software date code.
When contacting the factory or your dealer regarding
APOLLO performance or operation, provide the date code.

TO_DISPLAY THE DATE CODE

BEARING RANGE
1) Turn the MODE P = P 5
switch to 5IG. i s d L d
: WARN
The SNR and ECD s ca
NIV

values will be u ] ) ]
displayed. _Apette § I MORROW Made is USA

x o~

..
-
-
]
-
~
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2) Press XFR five
times to display
the date code.

A four digit
number will
appear in both
displays.

XFR

XFR

XFR

XFR

XFR

-

BEARING

RANGE

=r

[

ol B

-

Wik

=
-

]
I

Tt I
I

-4

[

Made In K54
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INSTALLATION

. RECEIVER LOCATION:

The APOLLO is designed to be panel mounted with
the enclosed accessories. The unit should be

located in a position providing a clear view of
the displays during routine instrument scans,

ANTENNA LOCATION:
The APOLLO is designed to operate on a non-loaded

antenna. The antenna should be mounted on the
top side of the aircraft. Recommended antennas
are the CI-121 SP which is a 19" Comant Antenna
manufactured for 1I Morrow Loran receivers, or a
long wire ADF sense antenna.

ANTENNA PREAMPLIFIER:
The A-b antenna preamplifier must be located
within 6 inches of the antenna. The supplied
coax cables must be used.

The following pages illustrate recommended antenna
locations.



WHIP ANTENNA

*whip

antenna

D [ e

8

*The Comm whip antenna must be a wire only with
NO Toading capacitors or matching devices. Whip
antenra length 18" to 22" long.

The supplied coax cable which connects between
the preamp and the antenna is 6" long and must
not be lTengthened.

The supplied ceoax cable which connects between
the Loran receiver and the preamp may be changed
in length.



LONG WIRE ANTENNA

Use Antenna Specialists
AY 545 long wire or
equivalent,

Loran long wire antenna
may be mounted next to ADF
long wire antenna.

The long wire may be
18 inches or laonger.

Existing ADF
long wire antenna

\lLﬂ
:::L_#Xi;__.__xi;;;§7

—

Loran long

wire antenna




The APOLLC is secured to the mounting frame by
tightening the slotted screw on the front panel.

The screw protrudes through the rear panel of the
APOLLD and will fasten to the mounting frame. The
APOLLO may be easily removed by loosening the screw.

SLOTTED SCREW FOR
LACKING WUNIT INTO
MOUNTING FRAME

fe— 2.000 —=

BEARING RANGE é 3 S 7 I
! 1

t L S
P A R REL
/&nﬂof o0 MORRDW Made m USSR Fowik

6.250




INSTALLATION WIRING DIAGRAM
for the

_Apollo I

NOTE 1

WAYPOINT ALERT TO FUSED 12 OR 28 vDC

r LORAN WARN

N
2 To LORAN VALID FLAG
a - FHOM (CDI VERTICAL POINTER FLAG)
4 - HIGHT}
€Dl VERTICAL POINTER
5 — LEFT
6 ——l T swieLn
7 b n¢ —=~ RS-232 SERIAL DATA OUTPUT INTERFACE
APOLLO ) 8 —NC
LORAN € 9
RECEIVER 10
11 f—nc
12 =  GROUND
13— nC
14 TO FUSED 12 OR 2B VDC POWER
—  RAG5BA‘U ANTENNA
S SYSTEM
NOTE 2
NOTE 1: Use 12 or
CDI [NTERFACE 28 Volt indicater
lamps depending on
The APOLLO II will interface the supply voltage.
with low power (3150 uA) CDT Lamps MUST NOT draw
meters. The wiring diagram more than 150 mh.
shown above indicates the
pins to be connected. NOTE 2: Antennas other
than the A-16 require
The APOLLO II CRI interface the use of the A-6
will not operate with units Antenna Preamplifier.

that have internal CDI or
HSI conversions.
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MAINTENANCE AND WARRANTY

MAINTENANCE :
There are no routine maintenance procedures to
be performed by the user. To clean any dust
collection from the front panel use a clean
soft cloth and furniture polish. Do not use
chemical cleaning agents or solvents to c¢lean
the front panel.

BATTERY REPLACEMENT:
The APOLLO memory is maintained by a Lithium

battery. The expected service Tife of this
battery is five years. This battery must be
replaced by your Il Morrow dealer,



26 MONTH LIMITED WARRANTY

II MORROW INC. warrants the APOLLO LORAN-C receiver
for 26 months and the antenna/preamplifier for one
year from the date of original retail purchase in
the United States to be free of any manufacturing
and material defects.

PARTS

Parts will be replaced in exchange for defective
parts for 26 months after the original retail
purchase at no charge to the customer.

LABOR

Repairs performed by II Morrew, or an authorized
dealer, will be done at no charge to the customer
for 26 months after the original retail purchase
fer the APOLLC LORBN-C receiver and 12 months for
the antenna/preamplifier.

WARRANTY SERVICE

Warranty service may be obtained by shipping the
product to the IT Morrow factory, II Morrow's
Fast Ccast Service Center, or an authorized dealer.

EXCLUSIONS

This warranty covers normal customer use and deoes

not cover damage which occurs in shipment or failures
which result from alteration, accident, misuse, abuse,
installation, improper maintenance, or failures caused
by undue exposure to corrosive environments. Some
states do not allow for exclusion of incidental or
consequential damages. This warranty gives you
specific legal rights. You may also have other rights
which vary from state to state.

THE WARRANTY 15 VOID IF THE UNIT IS NOT INSTALLED BY
AN AUTHORIZED 1XI MORROW DEALER.
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THE LORAN C SYSTEM

DEFINITION

Loran C is an acraonym for Long Range Mavigation. The
system consists of fixed land-based stations transmitting
in the low frequency band (LF) at a frequency of 100 KHz.
This low frequency follows the earth's surface providing
long range coverage and is not Timited to line of sight or
attitude. Coverage is determined by the power transmitted
from each station, the distance between the stations and
their geographical orientation to each other.

LORAN C TRANSMITTING STATIONS

A chain of three to five land-based transmitting stations

separated by several hundred miles is established. Each
chain consists of one master station{M) and up ta four

secondary stations, designated as Whiskey(W), Xray(X),
Yankee{Y) and Zulu{Z).

Each station within the chain transmitts synchronized
pulses at precise time intervals referred to as the GRI

or Group Repetition Interval.

The master station transmitts a group of coded pulses first
and then each secondary will transmit a group of coded
pulses after a pre-determined coding delay.

On the following page an itlustration of the U.S5. West
Coast Chain GRI 9940 is shown. Included are the locations,
functions, power and coding delays.



LORAN-C

U.5. WEST COAST CHAIN
GRI 9940

Apgrouimsse Limits of Goesragy — 1:3 SHR i
% N Flx Accurscy

5% NAMS)
LEGEND: W EALLON
& TRANSMITTING W GEORGE
© mosiTon X MIDOLETOWN
& MONITOR [AUTOMATED] Y SEARCHLIGHT

U.5. WEST COAST LORRK-C CHAIM - GAT 9940 (o7d rate 556]

TG
STATION ©  FUNCTION] COOROLKATES DELAY/BASE- | RADIATED REWARES
LINE LENGTH | POMER{XM)
Fallon, Master 33 33 06.6 A 400 Two pulse comms
Ny 118 49 56,4 W installed.
|
Gegrga, Whiskey 47 03 46.0 K 11006/ 1600 Two pulse comms in-
WA 119 44 32.5 W 2796.50 stalled. Dual-rited td
: West Coast Cannda
in,
Hiddletown, tray 3B 46 S5T.ON 7000/ 400 Exercises gperational
A 122 2% 445 1094.50 canteot of chaln. Con.|

tral far W, X, and Y.
Twe puise comms ins

stalled.
Searchlight, Yanken 3519 18,2 N | 40000/ AT
LT} 114 48 17.4 W 1567.3%
north Bend. Bons i te 4] 26 36.2 A Unmanned veceiver
ar 124 14 27.9 W site.
Pt. Minos, Mansite 36 37 S5.0 M Urmanned recelver
43 121 56 05.6 W site.

c-2



HOW LORAN C WORKS

Loran C is a synchronized radio navigation system based on time of

arrival measurements. The time measurements correspond to the distance
a Loran receiver is from the transmitting stations. These time measure-
ments are referred to as a time difference (D). Each time difference
is measured in microseconds, or millionths of a second, and can be
plotted on a curved 1ine between the two stations called a hyperbola.
The hyperbolic lines are referred to as a line of position (LOP).

The master and a secondary station form one line of position. To ob-
tain a pesition fix, another time measurement is necessary from the
master to another secondary station. This forms a crossing line of
position. Where these two LOP's intersect determines the actual
geagraphic position and can be referenced an a Loran C Chart.

THE LORAN RECEIVER
The APOLLO tracks all available secondaries within the selected Chain.

By selecting two secondaries the APOLLO will automatically convert the
time differences to Latitude and Longitude eliminating the need for
special Loran C Charts.

To assist you in determining which chain and secondaries to use for a
given area of operation the next few pages are devoted to coverage and
secondary selection for all operating Loran C chains.



CENTRAL PACIFIC LORAN-C CHAIN - GRI 4930 (old rate 51)

STATION FUNCTION | COORDINATES DELAY/BASE- | RADIATED REMARKS
LINE LENGTH | POWER(KW)
Johnston Is, Master 16 84 440 N 275
LH 169 30 3L.0 W
Upolu Pt, Xray 20 14 43.2 N 11000/ 275 Time service monitor.
HI 186 53 Q9.7 W | 4972.23

Kure [s, Yankee 28 23 41.8 N 29000/ 275

HI 178 17 30.2 W 5253.17

Lormansite Monitor 16 43 19.5 N

Johnsten 1s, HI 169 32 6.8 W

Lermonsta Control Controls ¥ and Y,

Honolulu, KI

t-4
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CANADIAN EAST COAST LORAN-C CHAIN - GRI 5930

COCING
STATION FUNCTION | COORDINATES DELAY/BASE- | RADIATED REMARKS
LIKE LENGTH{ POWER{KW)
Caribou, Master A6°4B'27 .2"N as0 Duai-Rated to North-
ME 67955*37.7"W east U.S. Chain.
Nantucket, Xray 41°15'11.9"N 11000/ 275 Dual-Rated to Novth-
MA 69°53'39.1"W 2131.38 east U.S. Chain.
Cape Race, Yankage 46°46'32,2"N 25000/ 1500 Dual-Rated to Labrador
NFLD 63°10'28.2"W 3755,.02 Sea Chain.
Fox Harbour, Zulu 52°2235.2" 38000/ 800 Dual-Rated to Lab-
Labrador 56542128 .4"W 3594 58 rador Sea Chain,
Cape Elizabeth, | Monitor | 43°33'54,8"N Unmarned Receiver
ME 70°11'58.5"W Site.
Montague, Monitor | 456°11'40,0"N Unmanned Receiver
P.E.T. 62°39'37.0"W Site.
5t. Anthony, Moritor/| B1°21'37.0"N Exercises Operaticna
NFLD Control | 55°37'28.0"W Control of the Chain.
Rev. 1 1283




LORAN-C

CANADIAN EAST COAST CHAIN
@ Grises0
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N
40° w
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I——
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TRANSMITTING STATIONS

CARIBOU
NANTUCKET
CAFPE RACE
FOX HARBOUR

N <X 2
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MYZ TRIAD

| T ames oF extemsen
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CANADIAN WEST COAST LORAN-C CHAIN - GRT 5990 [o)d rate SH1)
LHITRG
STATION FUNCTION ; COORDINATES DELAY/BASE- | RADIATED REMARKS
LINE LENGTH | POWER{KW)
Williams Lake, Master 51 57 §8.8 N 400 Control for X and Y.
BC, Canada 122 22 02.2 W Two puise comms
installed.
Shoal Cove, Tray 55 26 20.9 N 11000/ 540 Two pulse comms in-
AK 131 15 19.7 W 2343.60 stalled. Dual-rated
to Gulf of Alaska
Chain,
George, Yankee 47 03 48.0 N 27000/ 1600 Two pulse comms in-
WA 119 44 39.5 W 1927.36 stalled. Dual-rated
to U.5. West Coast
Chain.
Part Hardy, Zulu S0 36 29.7 N | 41000/ 400 Scheduled to be
8C, Canada 127 21 29.4 ¥ 1266.63 operational June 1980,
Alert Bay, Monitor 53501 N Unmanned receiver
Canada 126 54 39 W site.
Whidbey Is, Moniter 481739 N Unmanned receiver
WA 124 3365 W site,

c-10
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LABRADOR SEA LORAN-C CHAIN - GRI 7930

|
%_.m.__.

Fox Harbeur,
Labrador

Cape Race,
NFLD

Angisseq,
Greenland

5t. Anthany,
NFLD

Rev.

i

1

STATION |  FUNCTION !CUDRD]NATES

PR

t
y
Master  52°22'35.2°N

whiskey 'a46°46'32.7

[ 55°47" 2847
I

"N
{53°10'28.2"W
1

¥ray P59°5917.3"
£45°10'27 5"
- < PN
Monitar 51°21'37,0"N
55°37'28.0"W

1283

CODING

DELAY/BASE-
LINE LENGTH

11000/
2167.30

26000/
3665,38

c-15

RADIATED
POWER(KKW)

£00

1500

REMARKS

Duat-Rated to Can-
adian East Coast
Chain.

Dual-Rated te Can-
adian East Coast
Chain.

760

Dual-Rated to
Icelandic Chain,
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GULF OF ALASKA LORAN-C CHAIN - GRI 7960 [01d rate $L4)

CODING
STATION FUNCTION| COORDINATES DELAY/BASE- | RADIATED REMARKS
LINE LENGTH | POMER[KW)
Tek, Master €3 19 42.8 N 540 Twa pulse comms
AX 142 48 31.9 o installed,
Harrow Cape, Xray &7 26 20.2 N 11000/ 400 Twa pulse comms in-
kodiak Is, AK 152 22 11.3 W 2804.45 stalied. Dual-rated
to North Pacific chain
Shoal Cove, Yankee 55 26 20.9 N 26000/ 540 Two pulse comms in-
AK 131 15 19.7 W 3651.14 installed. Dual-rated
to Canadian West Coast
Chain.
Kodiak, Monitor/{ 57 44 007 N Exercises operational
AK Control [ 152 30 20.4 W control of chain, cond
trol for X and Y.
Juneau, Monitor 58 17 54.8 N Unmanned receiver
AK 134 24 45.4 M site.

c-290
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NORWEGTAN SEA LORAN-C CHAIN - GRI 7970 {014 rate SL3)

CODING
STATION FUNCTION  COCRDINATES DELAY /BASE- RADIATED REMARKS
LINE LENGTH POWER(KW)

Ejde, Faeroe Is.| Master 62 17 59.7 N 325 Host Nation Manned,
Denmark 07 D4 26.7 W Dual-rated to North

Atlantic Chain.
BR, Xray 68 38 06.2 N 11000/ 165 Host Nation Manmed.
Korway 14 27 47.0 E 4048.10
Sylt, Whiskey 54 48 29.8 N 26000/ 325
Germany 08 17 36.3 E 4065.64
Sandur, Yankee 64 54 26.6 N 46000/ 1500 Host Nation Manned,
Iceland 2355 218 W 2944.53 duai-rated to North

Atlantic Chain.
Jan Mayen, lu 70 84 52.6 N 60000/ 165 Host Nation Manned.
Norway 08 43 8.7 W 3216.30
Shetland Is., Monftor/ | 60 26 25.3 N Contral For X, W, Y,
UK. Control 0118 05.7 W and Z

c-23
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SOUTHEAST U.S, LORAN-C CHAIN - GRI 7980 (old rate SL2)

CODING
STATION FUNCTION | COORBINATES DELAY-BASE- | RADIATED REMARKS
LINE LENGTH | POWER{KM}
Malone, Master 30 59 38,7 N BOO Control for W, X, Y,
FL 85 10 09.3 W and Z. Dual-rated to
Great Lakes Chain.

Grangeville, Whiskey 30 43 33.0 N 11000/ BOO
LA 90 49 43,6 W 1809.54
Raymandville, Kray 26 31 55.0 N 23000/ 400
TX 97 50 00.1 W 4443,38 .
Jupiter, Yankee 27 01 58.5 N 43000/ 275
FL 80 06 53.5 W 2201.88
Carolina Beach,| ZIulu 340345.0N 59000/ 550
KC 77 53 46.B W 254272
Mayport, Monitor 30 22 58.9 N Unmanned recetver .
FL 81 25 13.1 W site,
Eglin, Manitar 30 3505.3 N Unmanned reciever
FL 86 36 54.4 W site.
New Orleans, Manitor 2949175 N Unmanned receiver l
LA 90 01 44.2 W site.
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MEDITERREAN SEA LORAN-C CHAIN - GRL 7390 (old rate SL1)

COOTHG
STATION FUNCTIOR | COORDINATES DELAY/BASE- | RADIATEQ REMARKS
LINE LENGTH | POWER{KW}
Sellia Marina, Master a8 62 20.6 N 165 Exercises aperational
[taly 16 43 06.2 E

control of chain. .

Lampedusa, Xray 35 31 20.8 N 11000/ 325 Atls statian.
[taly 1231 30,2 E 1755.98

Kargabarun, Yankee 40 58 21.0 N 29000/ 165

Turkey 27 52 01.5 E 3273.28

Estartit, ulu 42 03 36.5 N 47000/ 165

Spain 03 12159 € 3999.71

c-39
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GREAT LAKES LORAN-C CHAIN - GRI 8970 {no old rate)

COOING
STATION FUNCTION | COORDINATES DELAY/BASE-| RADIATED REMARKS
LINE LENGTH| POWER{KW)
Dana, Master 35 51 07.5 N 400 Dual-vated to North-
N 87 29 12.1 W east U.5. Chain.
Malone, Whiskey 30 59 38.7 N 11000/ 800 Dual-rated to Seuth
FL 8% 10 09.3 M 3355.11 east U.5. Chain.
Seneca, Aray 42 42 50.6 N 28000/ 800 Dual-rated to Nerth-
NY 76 49 33.9 W 3162.06 east U.5, Chain. Exer-
cises operational cond
trel of chain.
Baudette, Yankee 48 36 42.8 K 44000/ 400
M 94 33 18.5 W 3753.74
Eecen
Wiltdwood, Tango 38 56 58.2 N 72000/ Varjous Experimental station,
LB 74 52 01.6 W 1617.32 nat to be used for
navigation.
Cliaybanks, Manitar N
MI W
Plumbrook, Manitor 44 22 47.0 N Unmanned receiver
]} 82 19 38.5 W site,
Egiin, Monitor 30 35 05.3 N Unmanned receiver
FL B6 36 54.4 W site.
Mayport, Monitor 0 22 58.9 N Unmanned receiver
FL 81 25 13,1 M site.
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U.S. WEST COAST LORAN-C CHAIN - GRI 9940 {p1d rate S&E)

COOING
STATION FUNCTION| CCDRDINATES DELAY/BASE- | RADIATED REMARKS
LINE LENGTH | POMER{KM}

Fallon, Master 39 33 06.6 N 400 Two pulse camms

NV 118 49 55.4 W installed,

George, Whiskey 47 03 48.0 N 11000/ 160¢ Two pulse comms in-

WA 119 44 39,5 o 2796.90 stalled. Dual-rated to
West Coast Canada
Chain.

Middletown, Xray 38 46 570 N 27000/ 400 Exercises operational

CA 122 29 445 W 1094.50 control of chain. Con-
troY fer W, X, and Y.
Two pulse comms §n-
stalled.

Searchlight, Yankee 35 19 18.2 N 40000/ 540

ny 114 48 174 W 1967.30

North Bend, Monsite 43 24 352 N Unmanned receiver

OR 124 14 27.9 W site.

Pt. Pinos, Monsite 36 37 59.0 N Unmanned receiver

CA 121 56 05,6 W site.
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HORTHEAST U.S. LORMN-C CHATN - GRI 9960 {ol1d rate S54)

CODING
STATION FUNCTICGN | COORDINATES DELAY fBASE- | RADIATED REMARKS
LINE LENGTH [ POWER{KMW)
Seneca, Master 4z 42 50.6 N 800 Control for W, X, ¥,
NY 76 49 33.9 W and Z. Exercises oper+
ational control of
Chain.
Caribou, Whiskey 46 48 27.2 N 11000/ 350
ME 67 55 37.7 W 2797.20
Wantucket, Xray 41 15 11.9 K 25000/ 275
MA 69 58 39.1 W 1969.93
Carolina Beach,| Yankee 3403 46.0 N 35000/ 550
NC 77 54 46.8 W 3221.85
Dana, Zuly 3951 07.5N 54000¢ 400
IN 87 29 12.1 W 3152.06
fecen Wildwood,; Tango 38 56 58.2 N &1500.49 Various Experimental station,
NJ 74 52 01.6 W not to be used for
navigation.
Cape Elizabeth,] Monitpr 43 33 548 N Unmanned receiver
ME 70 11 58.5 W site.
Sandy Hook, Manitor 40 28 110N Unmanned recefver
NJ 74 01 03.7 W site.
Plumbrook , Moniter 41 22 47.0 N Unmanned reciever
] 82 39 385 MW site,
Claybanks, Maniter 41 31 450 N inmanned recefver
MI 8629 Q1.0 W site.
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HORTHWEST PACIFIC LORAN-C CHAIN - GRI 9970 (o1d vate 553)

G
STATICN FUNCTION | COORDINATES OELAY/BASE- | RARLATED REMARKS
LINE LENGTH | POWER{KW)

Iwo Jima, Master 24 48 03.6 N 1800 Clarinet pilgrim
Japan 141 19 303 E TTY2 installed.
Marcus Island, Whiskey 24 17 079N 11000/ 1800 Clarinet pilgrim
Japan 153 58 £3.2 £ 4283.94 TTY¥Z installed.
Hokkaida, Xray 42 44 37.1 N 30000/ 1000 Clarinet pilgrim
Japan 143 43 09.2 E 6685.12 TTYZ installed.
Gesashi, Yankee 26 36 25,0 K 55000/ 1000 Clarinet pilgrim
Japan 128 08 56.4 E 4453.18 TT¥2 installed. Time

service monitar.
Yap Island, Iulu 09 32 45.8 N 75000/ 10¢0 Clarinet pilgrim and
U.S.A. Trust 138 09 55.0 € 5746.79 TT¥2 1installed.
Saipan, Monitor/ | 15 07 46.8 N Cantrols W and Z.
U.5.A, Trust Control | 145 41 38.6 E
Yokota, Monitor/ | 35 44 34.6 N Contrals ¥ and ¥,
Japan Control | 139 21 41.3 E
Chansan, Monitor 35 11 26.0 N
Korea 128 08 43.0 E
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NORTH PACIFIC LORAN-C CHAIN - GRI 9990 (o014 rate 5§51}

TOOING
STATION FUNCTION | COORDINATES DELAY/BASE- | RAOIATED REMARKS
LINE LEKSTH | POMER(KW)

st. Paul, Master 5709 123N 275 Controls X and ¥,

AKX 170 15 06.8 W exercises operational
control of chain, two
pulse comms installed.

Attu, fray 52 49 34.0 N 11000/ 275

AR 173 10 49.C E 387525

Port Clarence, Yankee 65 14 40.3 N 29000/ 1000

AKX 156 53 12.6 W 3068.95

Narrow Cape, Zulu 57 26 20.2 N 43000/ 400 Twe pulse comms in-

AK 152 22 11.3 W 3590.45 stalled. Dual-rated
to Gulf of Alaska
Chain,

Kodiak, Monitor/| 57 44 00.7 N Control for Z.

AK Control | 152 30 20.4 W

c-70
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1CELANDIC LORAN-C CHAIN - GRI 9980

COOING | pap1aTED
STATION FUNCTION | COORDINATES |DELAY/BASE- POWER( KW} REMARKS
LINE LENGTH
Sandur, Master 64°54' 26 6"N 1500
Iceland 23°65'21.8"M
Angissog, Whiskey | 59°59°17.3"N| 11000/ 760 Dual-Rated to Lab-
Greenland 45°10'27.5"W} 4068.03 rador Sea Chain
Ejde, Kray 62°17'59.6"N] 30000/ 325 Dual-Rated to Nor-
Faeroe Is., 07°04'26.5"W| 2944.54 weglan Sea Chain.
Denmark
Keflavik, Monitor | 63°57'23,0"N
Iceland 22°43'21,0"W
Rev. 1 1283 C-75
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SECTIOND
CONDENSED OPERATING INSTRUCTIONS

MODE SWITCH D-1
PUSH BUTTON SWITCHES D-2
ENTERING A NEW CHAIN AND SECONDARIES D-3
SIGNAL QUALIFIER D-5
TO ADJUST ECD DISPLAY D-6
PGS MODE D-7
CALIBRATION FACTORS D-8
MAGNETIC VARIATION ADJUSTMENT D-8
LAT/LONG CALIBRATION D-9
CROSS TRACK ERROQR- RESOLUTION D-10
WAYPOINT MODE D-11
SLEWING IN NEW LAT/LONG COORDINATES
AS A WAYPODINT D-12
DEFINING A COURSE TO STEER D-13
NAV DISPLAYS D-14
NAV-F DISPLAYS : D-15
POINT-TO-POINT BEARING AND RANGE D-16
ABBREVIATIONS USED IN THIS MANUAL D-17
GLOSSARY OF TERMS D-19
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CONDENSED INSTRUCTIONS

BEARING

™ [ =)
HEE

Made i US K

e 5 g GRT: Used to display and

1 o et . .
z@. enter chain and secondaries.
1 ]
o A CAL: Used to display and enter
P calibration factors.

SIG: Used to display the SNR,
ECD, and signal strength
values.

. NAY—F: Used to display Bearing and Range to the point
of origin waypoint and select desired nav
data on the lower readout.

POS: Used to display current position coovrdinates.
NAV: Used to display Bearing and Range to the des-
tination waypoint and selact desired nav
data on the lower readout.

0 - 9: \Used tao enter up to 200 different waypaoint
Tacations.



BEARING

[+] =] [

Wade in USK FDWER

FAM

T0

XFR

SEL

5TD

RCL

ENT

Sets the origin waypoint.

Sets the destination waypoint.

Transfers the readout displays in the
S1G, CAL, NAV, NAV—F, and waypoint MODES.

Slews (increases/decreases) the display.

Selects a display for slewing.

Stores current position coordinates in

memory .

Recalls stored coordinates in the POS MODE.
Displays or clears point-to-point in the NAV
and NAY F MODES.

Enters the desired chain and secondaries
in memory. Enters current position coor-
dinates in the CAL MODE or 0 - 9 waypoint
MODE .

n-2



BEARING

a
[+] (=] o]
5] () [

ENTERING A NEW GRI MCDE AND SECONDARIES

3)

4)

Turn the MODE switch
to GRI,

entered chain and

Previously

secondaries are

displayed.

Press SEL to enable
new GRI entry. The
first digit will
flash,

Press + nr - to slew

through the GRI menu
until the desired
CHAIN is displayed.
Press ENT to enter
the desired CHAIN
into memory.

{Plus shown}

Secondary selection

is5 autematically

The first
flash.

enabled.
digit witl

SEL

ERT

BEARING RANGE
) I e v | i !
g 5 - i _! _ i
1 WARN
CRI
£ _ i - [
[} ! I 1
Apolla I 0 MORROW Maii In USA
BEARING RANGE
LI B o i
s P - i '
WaAN
b [ ] t
¥ ! 1 )
@Ial O MORROW Made In USH
BEARING RANGE
L] Ay B 1 1
s PUL I | i_ [}
WARK
E i oy | i _
L] ! I I
Alpatte I 0 MORROW Fate in USA
BEARING RANGE
L1 B B T i
5 - - i . !
WARK
] I ) 1t -
W i [ i
Anolts I I MORROW Made in USA




5)

BEARING

Press + or - to slew
in the desired secon-
Press ENT to

enter secondary into

dary.
memcry. (Minus shown)

The other secondary
is automatically
with its
digit flashing.

enabled,

Fress + or - to
slew the desired
secondary. Press
EMT to enter se-
condary into

memory. (Minus shown)

BEARING BANGE
— oo : r
H Y . I I
WIRN
ENT t 1 o1 Lt -
w I i_ i
Aotto I O MORROW Hade in USA
BEARING RANGE
1 ' A BN I h
H - - ! ! H
WARN
f ! I I -
W ) i. !
zﬁo{fof O MORROW Made in USH
BEARING RANGE
—_ LI B ' B ! N
g Y 1 ] .
WiRN
ENT —
£ I o it -
w i _ i
Apalts I T MORROW Wade  USA




BEARIKG

12t

Mads in USR

SIGNAL QUALIFIER MODE

1) Turn the MODE switch I ,
t 0 S I G I;.“ S\:m
FOS  GAL
NAY-
Upper Lower
Master Secondary Secondary

ﬁ?’jj?
l__|:|
-

\—

1]

\
T - II

. 'l o SHoEco vatue

SNR Value

SHR DISPLAY ECD DISPLAY

9 - Excellent 9 - Unreiiable
8 - Excellent 8 - Poor

7 - Excellent 7 - Good

6 - Good & - Geod

5 - Good 5 - Good

4 - Good 4 - Good

3 - Fair 3 - Good

2 - Fair 2 - Fair

1 - Poor 1 - Poor

0 - Nao signal G - Unreliable



2}

4)

BEARING

[+] =] [

Adjust ECD Display tc a Goed Value

Set the MODE switch

to SIG.

Press XFR twice to
display the ECD bias
rumber. The total
adjustment is from
0 to 4,
Press + or - switch
to apply desired ECD
bias. (Positive
adjustment needed

in this example)

Press XFR until
SNR and ECD values
are displayed.

i BEARING RANGE
1 - [} "I
’(i!!b; s ! iz i
th
HAY sit
[T
war-f I =i 1 i
W [ i i
Apatta I 0 MORROW Made in USA
BEARINE RANGE
] [
XFR 5 [
WaRN
IFR 3
w
Apslla I 1 MORROW Made in USK
BEARING RANGE
+ . i
H 1
WARN
E
w
/fgph‘a I O MORROW Made in USK
BEARING RANGE
XFR
\ “r [} =1
5 i i I
XFR WARN
t 1 1~ !
» 1 -t i
AFR Apatic I I MORROW Mate in U5
XFR




1)

2)

BEARING

oy s
A N |

POS MODE

HEE

Madw in USA

Displaying Current Positian

Turn the MODE switch
to POS to display
current LAT/LONG

positions.

Press XFR to display

the Loran TD's.

BEARING RANGE
VS L1L4 [ IO I B S B B | !
1 T s 1 [} =i [ I
2 ]
' WARN
[} =]
Mos et [ ' [
NAV-F e I 1 il [} i, 1 !
/&a{lu[ MORROW Made in USA
BEARING RANGE
L] [ | Y o B
H o /0 N A S |
WARN
3 oo [ 2 R Y B B
w [ A § It i i, It
Apotla T MCGRROW Kade in USR

3} Press XFR to display

LAT/LONG.




BEARING

CALIBRATICN

[+ [ [

fre] [s] [on]

MODE

Magnetic Variation Adjustment

1) Turn the MODE switch to

CAL.

Magnetic Varijation
Factor

Cross Track Error
Resclution

2) Press SEL to enable

magnetic variation entry.
flash.

First digit wiil

3) Press + for westerly

variation. Press -

easterly variation.

21% easterly variation

shown.

for

El 1
H ]
1 13
] GR!
WA Si6
POS  GAL
NAY-F
Lat. Calibration
Factor
[ I ' B v
3 N W
[ I |
[ Y
Y
Long. Calibratian
Factor
BEARING AANGE
M LI e i B Y |
SEL H LN | [ N )
WArN
[ I ] [ [ o B o |
' S D Y | [ |
Apatlo { o MORROW Wads in USA
BEARING RANGE
—_ " e B I =t 71
: i i I Y
WAdN
1 B A ' [/ B e I ]
Wl I 0t [ A
1&!’.’0[ O MORROW Maia in VSR




—

BEARING

(] [=] (]

Made in USH

LAT/LONG Calibration Using a Known Position

Turn the MODE switch

3)

1 i
to CAL. Press XFR and f@l XrR|  |Ent
[]
ENT to display calculated aw 2 msmwI
L. (I
LAT/LONG position, BEARING RANGE
e A T L I g I I o B i
s | Sy B T I By
WARN
£ [ By B b | S
wle 1 I2 21 i 1,1t T
/ﬁol{nf I MORROW Wade in U
Press SEL to enable
LAT catibration. First SEL +
digit will flash. Press BEARING RANGE
+ or - to slew the LAT e O I AL il Y B o)
. § L B ey A I I
display to the known YT
position. (Plus shown]
E [ B B b | | B S
wie 1 Tt 1y 0,3 o1
Alnatts £ O MORROW Made in D54
Press SEL to enable LONG SEL —
calibration, First digit
. BEARING RAMGE
will flash. Press + or -k R
to slew the LONG display ° L L
WARN
to the known position.
(Minus shawn) g i ,_:’ _—_,"[':" ,‘__,’ ! ,"_-,'
/ﬁaﬂol O MORROW Made in USA
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BEARING

Made in USK

Crass Track Error Resolution

Cse BEARING RANGE
3 T - - — -
1) Turn the MODE switch ? P __! I ,r_,r. l__f r__'
to CAL. u' Smm WARN
POS Ll
NAY
S o B B by I o B I B
] I R Y N N B
/zgpln'of o MORROW Made In USL
SEL
BEARING RANGE
EL four times 1 it N A B i
?2) Press S ! SEL o= s L
to enable resolution VAR
entry. The first SEL ; . T
digit will flash. w P A [ I T |
sEL /ﬁgo{l’of O MORROW WBadn in USA
BEARING RAMNGE
3} Press + or - to ) | ':0 ,r"r l:' 1_"'
- H - —f - -
seiect the desired —
resolution, T Jr—
{Minus shcwn) N I Iy B |
/fgo{{o! O MORROW Maids in U8R

Resalution Selections

0.10 = 608’
0.05 = 304"
0.02 = 122"
0.01 = 61"
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BEARING
L" o I,
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I MORROW Made in USH

WAYPOINT MODE

Selecting a Waypeint Number:

1} Turn the MODE switch to , 458, BEARING RANGE
2 3 H =T
0 -9 . Press XFR to 1S it
L] (111
display the waypoint Pl o
MEY-F
number. 3
w
XFH /‘flguﬂo! IO MORROW Made ia USK
BEARING RANGE
. 2) Turn the MODE switch to . "~
incre W hE s | |
ase or decrease ) o
WARN
the waypoint number ‘OOG’M
by & factor of one. ""?-ui“_faf'" .
/&m’!u[ 0 MORRQW Madg jn USH
1 il 7 BEARING RANGE
H 4
3} Press + or - to ; ’ " 'r !
s [} GAl
increase of decrease el e
the waypaint number wt
t
by a factor of ten. + ¥
’ /ﬁaﬂv ré I MORRQW Made in USK

A total of 200 waypoint numbers can

. be displayed, from 0 to 199,



BEARING

i
]

0 MORROW

Mada in USK

Slewing in New LAT/LONG Coordinates as a Waypoint
BEARING RANGE
1) Select the desired 3 )
. _
waypoint number. '- WARN
Waypoint 1 is shown, W Some
WAV-F w
/L'Eo!u'nl O MORRGW Made in USA
i HEARING RANGE
2) Press XFR and ENT - S
XFR e [ AL e I B i |
to enter current s ) 1 - I Y |
. . N WiLRN
position coordinates
r [y e B o Y i B B b |
as a reference to ENT[ ot = A A
slew from. Apolta I T MORROW Wate in USL
‘ BEARING RANGE
3) Press SEL to enahle SEL x|e T . e B e N A o
. H L Y Y D B Y |
LAT coordinate
WARN
slewing. Press
) + L [y Sy LY o B B B b |
t or - to slew in wWe 12 1o ot
the desired coordinate, Aslta T MORROW Naie o USA
REARING RANGE
4) Press SEL again to SEL "le L e A N
s [ S By B B Y |
enable LONG cocrdinate WARN
slewing. Press + or - ; A
. [
to slew in the desired b A S S P
/Egoﬂn[ 0 MORRCW Made in USK

coordinate.

p-12




1)

[

BEARING RANGE 1 l
ule ST TEoTt I ; '
s Y t — it ] on
wax B "PI!S ',E'“:m
€ T Il B B I B I
wle £ 1 Tt A D I
Apatta £ 1 MORROW Mads in US4 FOWER
DEFINING A COURSE TO STEER
select POS or a AR BEARING RANGE
waypoint as the I e P i e B el O O |
%'p. . A = e R By |
origin and press i — A o
POS  cal
FRM, {Portland,OR i ——
' | I B B ey B il g o
coordinates dis- we 1 iC L |
p-l ayed ) i FBM /fao!{of T MQRROW Made in US4
Select the desti- .
. [
nation waypoint . 0 BEARING RANGE
1 8 - - . - - - -
and press TQ, 1 ] :. -,' L,’ '—, oot f;’
Nav Si6 = - - -t = -
(Reno ,NV coor- e vai
dinates dis- t ! [ ey S B [
we t &1 I U DR B |
plaved). To
/éo.'{a I I MORROW Made In USH
Turn the MODE to
N5 BEARING RAKGE
NAYV or NBV-F and zl ’l M PI it o B ey BN Yol TN I [
. 1 9 T 100 S U S S o S T A
specify the de- 0 w -
] . . T si WARN
sired display with L
. [ I B o] [ |
the XFR switch. I S ] F I R ]
/‘&oﬂo I I MORROW Made in USA




BEARIKG RANGE ) :
~ - - - 4 5
s o S N Sy DY G . o
WiAK L 16
O [
L I o AL A [
We + f A B A
_Aotic I 0 MORROW Made (s USA PAWER

NAY DISPLAYS

The NAY displays are specified by the ope-
rator with the XFR switch. Bearing and

a5
1 7 BEARING
? [}
R 9 I v
Bearing and Range Y o : { oL
L11] 5IG
P03 CAL WARN
[T1g3
GTA - Ground Track ile 1= o T
Ana] wle It 12 174
ngle _Apotla T 0 MORROW Made in US4
XFR
| BEARING RANGE
Bearing and Range ] I ' B ey B oy B S |
s [ N oy I v B ey B
WARN
GS - Ground Speed — —
1 e [ B
in knots L1 - T Y |
/"Egm’lol n MORROW Made in US4
XFR
BEARING HANGE
Bearing and Range 3 2 i i B e B by B ey |
s [ Y B B
WARN
ETE - Estimated - - ——
| o L o [y B
Time Enrcute e e L P
/‘!paﬂo] I MORROW Made in US4
XFR
BEARING RANGE
i Range H [ B 1 t
Bearing and Rang . oy i
WARN
CDI - Cross Track . ;
Error w P b
_Apella I I MORROW Maie in USK
XFR




BEARIKG RANGE

v]e A A A i = B : :
i o

5 oy ey B s B

WikW
[
£ ! [ o R I R iy [
™ P (DR n..
Aotie § I MORROW Made in USA FOWER

NAV-F DISPLAYS

The NAV F displays are specified by the
operator with the XFR switch., Bearing
and Range fo the origin is displayed.

& 3§
3 T
z@s BEARING
! [ T - = P—
. It T Tt Tre | B
Bearing and Range :\ f o e e LS
"‘5.‘.?“ WARN
GTA - Ground Track | m L oo =]
Angle L] I Y I B
/&m’fn 'y I MORROW Made in V34
. XFR
BEARING RANGE
Bearing and Range o I S R L -
) [ T B [ I A
WARN
GS - Ground Speed — f——
[ I A f e B
in knots o ! L
_Fpelta I 1 MORROW Made n USK
XFR
BEARING RANGE
Bearing and Range L] oy e B B I o |
L] S R | [
WARN
ETE - Estimated Time - -~ pp—
1 I e S e I
Enroute L1 I S M [ S |
_Apetts I 0 MORROW Made in U§A
XFR
BEARING RANGE
Bearing and Range 1 I By B I [ ' B
) I B B | [
. WARN
CDT - Cross Track
£ f
Error W rrori
_Apolte £ I MORROW Made m U3A

XFR
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1)

2)

3)

BEARING

AEE

POINT-TO-POINT BEARING AND RANGE

This mode is intended to supply you with point-

to-point Bearing and Range between any two pre-

defined waypoints.

This mode will

not u

pdate

with position changes but w 11 aid in pre-prog-

ramming a flight.

Select POS

oY a wWay- W3 BEARING RANGE
1
int h igi 'oW|e [ O B N & B sl o
po as the origin : A - ~ e
and press FRM, (Salem, . o TIT] .
: . Pa5  CAL
OR coordinates dis- Ll . RGN
played). ERM wle £ 12 1 i, 1 10
Iﬁd{lﬂ! T MORROW Mads in USA
Select the destination ,%%°%, BEARING HANGE
? t . - - - -
waypoint and press T0, s o S S S S S
+.1] - - - o - -
(Los Angeles, CA caor- 'ﬁmﬁjm WATH
dinates displayed). (e 0 e oL 1o
T0 wle I 0t 12 [ A Y
/fgm‘[n] 0 MORROW Made n USK
Turn the MODE switch sA i, BEARING BANGE
H g N [ B I B S ) [ )
to NAY ar NAY F and ! 9 3 L A Y e | o1
0 (113
press RCL, {NAY shown). "ﬁ%"uﬂ e
€ i 1Zt
REL ¥ [ A |
AApotta I O MORROW Mace In USH
Press RCL again to clear
the paint-to-point mode. RGL

D-16




ABBREVIATIONS USED IN THIS MANUAL

ARP - Airport Reference Point

BNK - Blink

CDI - Course Deviation Indicator
CYC - Cycle

ECD - Envelope-Te-Cycle-Difference
ENT - Enter

ETE - Estimated Time Enrcute

FRM - From & Starting Point

GND - Electrical Ground (D VYDC potential)
GRI - Group Repetition Interval

GS - Ground Speed in knots

GTA - Ground Track Angle

KHz - Kilohertz {1,000 Hertz)

LER - Light-Emitting Diode

LF - Low-Frequency Band

LOP - Line Of Position

Loran - Long Range Navigaticn

M - Master
PWR - Power
SIG =« Signal Analyzer Mode

SNR -~ Signal-to-Noise Ratio
STDO - Store
STS - Status

(over)



(continued)

TCXO
T
TO
YOR

WP

XFR

- Temperature Compensated Crystal Oscillator

Time Difference

To a Bestination Point
Very-High-Frequency Omnidirectional Range
Waypoint

Add or Increase

Subtract or Decrease

Transfer or Change

L-18



GLOSSARY OF TERMS

Absolute Accuracy

--- The ability to determine true geographic positian
{(1atitude and longtitude) from a navigational system
such as Loran-C,

Baseline

--- The great ¢ircle line connecting the master trans-

mitting station and a secondary transmitting station,

Baseline Extension

--- The extension of the baseline beyond either the

master or secondary transmitting staticen (see map an £-6).

Chain

--- A Loran-C network consisting of a master transmitting

station and two to four secondary transmitting stations.

Cross Track Error

--- A fix error to the left or right from the desired
track to the present position, measured perpendicular
to the desired track. Displayed in the NAV MODE by a

bar graph or a numerical display.

Cycle Slip

--- Distorted or prevented reception of Loran-C signal
in some areas of high noise or fringe coverage areas.

For cycle slip detection and correction see page A-67.

Date Code

--- The software date code needs to be provided when
contacting the factory or your I Morrow dealer regarding

APOLLO performance or operation,
D-19



Envelope~To-Cycle Difference

--- In SIG MODE: represents the tracking point of the
Loran signal for the master and secondary stations.

Fix

--- Navigational position determined by two ar more

Tines of position,

Groundwave

«--- A radio wave traveling near or along the surface of
the Earth.

LAT/LONG Calibration Factar

--- The adjustment for transmission delay of Loran-C

signal.

Line Of Position

--- A line of location determined through a single
navigational observation, This line shows the series of
locations of constant Loran-C signal time difference,

The intersection of two or more LOP's resuits in a fix,.

Lower Secondary

--- The Secondary displayed on the bottom readout in the
POS MODE,

--- In the GRI MODE: the Secondary entered and displayed
on the far right of the upper readout.

Magnetic Variation

--- Adjustment for Bearing and GTA dispiay to read mag-
netic bearings (see page A-40),



Mode Switch

--- Function selector switch.

MODE SWITCH FUNCTIONS:

GRI {Group Repetition Interval)

--- used to display and enter chain and secondaries;

CAL (Calibration)

--- used to display and enter calibration factors;

SIG {Signal}
--- used to display the SNR, ECD, and signal strength

values;

NAV-F (Navigation From)

--- used toc dispiay Bearing and Range to the point of
arigin and to select navigation data on the Tower read-
out;

PGS (Position)

--- used to display current position coordinates;

NAV (Navigation}

--- used to display Bearing and Range to the destination
waypeint and to select navigation data on the lower read-
out;

D-9 (Waypoint Numbers)

--- used to enter up-to 200 waypoints.



Notch Filters
--- Filters in the receiver to reduce the effects of
interfering signals.

PUSH BUTTON FUNCTIONS: .

FRM

--- sets the origin waypoint;

T0

--- sets the destination waypoint;

AFR
w=- transfers the readout displays in the SIG, CAL, NAV,
NAV-F, and waypoint modes.

«-- slews {increases/decreases) the displayed numbers.

= ®

--- selects a display for slewing;

--- stores current position coordinates in memory;

--- recalis stored coordinates in the PGS MODE;
--- displays or clears point-te-point in the NAV and
NAV-F MODES.

EN

--- enters the desired chain and secondaries in memory;
--- enters current pasition coordinates in the CAL MODE

or 0-9 waypoint MODE. .



Repeatable Accuracy

--- The ability to return to a position where you have

. been before by using a navigatfon system such as Loran.

Secondary Stations or Secondaries

~~=- General designation of the two to four secondary
transmitting stations in a Loran-C chain. The secondary
stations transmit in sequence after the master at fixed,
predetermined tntervals.,

Signal-To-Ngise Ratio

---The ratio of the Loran-C signal level to the level of
background noise.
Skywave

~--- An indirect radio wave that reflects off the ionos-
phere instead of traveling directiy from the transmitter

. to the receiver.

Time Difference

--- The difference in time of arrival (measured in micro-
seconds) of two Loran-C signals, one from the master trans-
mitting station and the other from one of the secondaries.

Uppeyr Secondary

--- The secondary displayed on the top readout in the

POS MODE;

--- In the GRI MODE: the.first secondary entered and dis-
played in the middle of the upper readout.

Waypoint

-=-- A predetermined geographical position used for route
definition and/or progress reporting rurposes.

D-23



MORROW

INC.

@ WAYPOINT LOG

This worksheet is intended to help.you keep track of your waypoint
numbers and the locations. The format allows versatility for your
particular need.

You should be recording not only your latitude and longitude but also the
chain and secondaries used and magnetic, latitude and longitude
calibration factors. Depending on your use, you may require this
information with each waypoint or you may require it for a group of

waypoints.

EXAMPLE 1

P®Wq| 1 2 |-2) |-.3%| -.49

CHAIN | SECONDARIES | MAG VAR LAT CAL LONG CAL
. NO. NAME LATITUDE LONGITUDE

of | SLE 2y 44° 54.23]122°59. 1!
0L SLE 34  44°54.19 123° 00.23
03 [INDEPENDENCE| 44° 52, 12] 123° 11. 81
04 MeMinNnvILLE 45° (1.1 ]23° 08.25

EXAMPLE 2
CHAIN | SECONDARIES | MAG VAR LAT CAL LONG CAL
. NO. NAME LATITUDE LONGITUDE

o1 | SELEM SLE|.44° 54.(0| 123° 00.10
94 | 2 -2l -. 30 - .49
62 |spreAMEnTsmd 38° 41. 10| 124 ° 2. 0D
9944 2. 4 -1 +0.01 -0.10




