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Figure 1 - Frontispiece 



Readers involved in Remote Sensing activities in Canada 
will realize how quickly the program is changing due to 
rapid advances in technology, experience gained (bath at the 
Canada Cen·tre for Remo te Sensi ng and by Principal 
InvestiC_Jators) and the overwhelming response to the program 
by the scientific community in Canada. 

These rapid changes have made it impossible to prepare 
and publish an Airborne Users Handbook that would be valid 
for more than a few months. Interim Bulletins will continue 
to be issued on a regular basis to provide you with the 
latest available information on the status of facilities 
available, procedural changes, technological advances made 
and a forecast for the future. 
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Under the Program Planning Office, Resource Satellites 
and Remote Sensing, an Airborne Remote Sensing Program was 
instituted in 1970. One Department of National Defence 
owned CF-100 with a very limited sensor capability was flown 
that year in support of twelve projects. Personnel were few 
and inexperienced. Facilities were minimal. 

At the present time the original CF-100 has been 
retired from service and the aircraft fleet has expanded to 
include two oc-3's, one Falcon Fan Jet and one Convair 580 

all owned by the Department of Energy Mines and 
Re sources . . Ai rcra ft are des cribed in de tai 1 in Section 4 -
Se nsor Platforms. 

1. 3 Sens ors 

The inventory of useful sensors has also been increased 
by the purchase of high quality photographie equipment 
including cameras, lenses and filters; plus sensors that 
provide data in other forms to meet specialized 
requirements. In addition, a number of sensors have been 
developed under Canada Centre for Remote Sensing funding. 
Sorne are being test flown this year and several others will 
be evaluated during the following season. Existing 
operational sensors are described in detail in Section 5 
Sensors. Sensors under development are listed in Section 10 
-- A Look to the Future. 

Experience of Canada Centre for Remote Sensing 
personnel plus assistance and advice from users have 
resulted in the procure1nent and standardization of film and 
filter combinations that satisfy the requirements of rnost 
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1.4 Material 

Experience of Canada Centre for Remote Sensing 
personnel plus assistance and advice from users have 
resulted in the procurement and standartlization of film and 
f i 1 t e r c omb i na t io n s t ha t sa t i s f y the r e qui rem en t s o f m os t 
users. Detailed descriptions are contained in Sections 6 
and 7 respectively. 

l.5 Reg_uests 

The receipt, processing and actioning of requests have 
now been standartlized. Submission procedures are detailed 
in Section 3 -- Request Submission. Request processing and 
action taken by various agencies are outlined - in Section 
2 -- Description. 

l. 6 Cost in<]_ 

To assist in the introduction of airborne remote 
sensing techniques to the scientific community of Canada, 
costs for services provided have been held to R minimum. 
Users have always paid for reproduction of final imagery. 
During 1973/74, federal agencies paid $2.00 per sensor line 
r:,ile and a fter July 1, 19 7 3 a charge was levied for the 
processing of original film. In the 1974/75 season all 
users were charged $5.50 per line mile. During 1975/76 this 
was increased to $14.00 for federal government users, $11.00 
for other users and a special $5.50 per line mile charge for 
first time users. In 1976/77 there was a further increase 
to $1 8 .00 a line mile for experienced users and $9.00 for 
first time users. In addition a $100.00 minimum line mile 
c h ar g e was implemented and an additional two line miles were 
a dded for each line over one line to help cover the costs of 
e nd turns. Details of present cost and invoicing procedures 
a re contained in Section 8 -- Cost Recovery. 
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but unfortunately response has been generally disappointing. 
Details of the Data Acquisition Division "data bank" are 
contained in Section 9 -- Visual Library. 
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Resources available within the Airborne Remote Sensing 
Program are committed to the support of research and 
development programs within the scientific community of 
Canada. Support requests emanate from federal and 
provincial government departments, universities and 
industry. They encompass research in many disciplines. Of 
equal importance is the "in-house" research into the 
1.levelopment and fl ight testing of new sens ors. 

Correspondence with potential and active Principal 
Investigators reveals that there is some confusion over the 
functions of the various federal government agencies that 
provide a service to the public through the medium of the 
Airborne Remote Sensing Program. No attempt will be made in 
this publication to provide a detailed description of 
organization or line and staff functions. The following 
brief outline is presented as a general guide to the 
responsibilities of the various departments and sections 
involved in the prograrn. 

2.2 Data Acquisition Division 

Data Acquisition Division (DAO), 
Remote Sensing (CCRS), Department of 
Resources (EMR). 

Canada Centre for 
Energy, Mines and 

Offices, aircraft and laboratories of this Division are 
located in an operations hangar and a labs building at the 
north end of Ottawa International Airport. The chief is 
directly responsible to the director, CCRS. Main components 
of DAO are as follows: 

The Sensor Section is responsible for the maintenance, 
calibration and modifications of existing airborne sensors; 
clevelopment, procurement, flight testing, evaluation and 
commissioning of new airborne sensors; and the setting up 
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of operational proce<lures and calibration facilities to 
support th ern. 

2.2.2 Airborne O~erations_Section 

This section is responsible for the receipt of flight 
requests from federal and provincial remote sensing agencies 
br individuals, resolving technical difficulties 
encountered, preparing a resume of the request for approval 
by the rernote sensing comrnittee and tasking the contracter 
(Innotech Aviation Limited) to perform flights on the 

approve<l projects. This Section is also responsible for the 
supply of operational sensors, film, magnetic tape and other 
expendable items used during flights; the cc-ordination of 
the program in general. An additional responsibility is the 
production of imagery from taped Infrared Scanner data 
obtained during airborne operations and the provision of 
such irnagery directly to users. This imagery is density 
sliced on r ·equest. (See Section 5.10) 

A quality control section, formerly located at 2464 
Sheffield Road has now moved to the operations hangar. This 
section reports directly to Airborne Operations and is 
responsible for quality control of imagery, indexing and 
annotation of imagery as required, raising of work orders 
for processing and reproduction, and submission of 
statistics for invoicing purposes. 

The Systems Section is responsible for the servicing 
and maintenance of operational and experimental sensors; 
modification and updating of aircraft systems to accept new 
sensors; mount and control design, fabrication and 
installation. 
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2.3 Airborne Sensing Unit 
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The Canadian Forces Airhorne Sensing Unit (CFASU), 
Department of National Defence (DND) was responsible for the 
operation, servicing and maintenance of all aircraft from 
1 9 7 0 t o 19 7 5. This un i t wa s d isba nd e d on Nove m be r 1 , 1 9 7 5 
and all of its services were taken over by Innotech Aviation 
Limited of Montreal. 

2.4 Innotech Aviation Limited 

This company wa s contrac ted by CC RS to prov ide f 1 igh t 
crews, maintenance personnel, sensor operators and 
technicians for CCRS aircraft. These crews carry out all 
remote sensing flights as directed by CCRS Airborne 
Operations. Sensor operators and technicians are augmented 
on some occasions by DAD personnel. Crews maintain liaison 
with users in the field during actual flight periods and 
ensure that accurate records are compiled during each flight 
performed. 

Flight and maintenance crews are made up of Innotech 
employees. Sensor operators and technicians are supplied to 
Innotech by Interra Environmental Consultants Limited of 
Calgary. 

Aerial Photography Division, Topographical Survey 
Directorate, Surveys and Mapping Branch, Department of 
Energy, Mines and Resources. Two sections within this 
division perform functions essential to the Remote Sensing 
Program: 

2.5.1 National Air Photo Librau_ (BAPLl 

Offices are located at 615 Booth Street, Ottawa. They 
are responsible for the archival storage of all original 
photographie imagery obtained on remote sensing flights and 
the receipt and actioning of all secondary orders for 
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2.5.2 National Air_Photo_ReEroduction Centre (NAPRCl 

Offices and laboratories are located at 2464 Sheffield 
Road, Ottawa. This section is responsible for the 
processing of all original imagery to required 
specifications and the reproduction of imagery as requested 
by users. 
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3.1 Reg_ional Committees 
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A number of provincial and regiona 1 comm i ttees have 
been formed in Canada to co-ordinate remote sensing 
activities within designated areas. Submission · of flight 
requests through such a committee - if available - presents 
a numb er of ad van tag es: 

1. The committee can often provide assistance in 
advising users of sensors available, sensor 
packages suitable to meet specific requirements, 
scale, overlap and line mile calculations. 

2. Sorne committees maintain a print library and can 
supply roll numbers ·of imagery available in the 
National Air Photo Library. 

3. Requests from an area may be co-ordinate<l in such a 
way that one flight can supply useful imagery to a 
number of users. 

4. Many small 
justified 
mission. 

flights 
may be 

that could not 
combined into a 

normally be 
single major 

In areas not serve<l by a regional committee, 
may be submitted directly to: 

requests 

Canada Centre for Remote Sensing, 
2464 Sheffield Road, 
Ottawa, Ontario, 
KlA O Y7 
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~ttn: Airborne Operations Section 

Te lephone: 

Telex: 

3.2 Reguest Procedures 

993-0121 (Sheffield Road) 
998-3101 (Operations Hangar) 
053-3777 (Sheffield Road) 

Pro je cts may be s um i tted on the A irborne Remote Sensi n9 
Flight Request form or in letter form. The former is 
preferable as section heaclings ensure that all required 
information is included. A sample flight request form is 
shown in Appendix "H". Regardless of the type of submission 
made, the following points should be covered. 

3.2.1 Communications 

Telephone numbers of the Principal Investigator(s) must 
be included to permit rapid contact by CCRS Airborne 
Operations Section prior to commencement of the flight 
period. Telephone numbers of the Ground Truth Contact are 
necessary to permit contact by flight crews on arrival in 
the area. In all instances both business and home numbers 
should be included to permit contact during silent hours or 
on holidays. The inclusion of a reliable alternate contact 
by name and telephone number is also desirable. Please 
include your telex if available. Indicate any special 
requirement for extended periods of advance notice. Also 
indicate if there is NO requirement for pre or post flight 
notification. (See also 3.3.10) 

3.2.2 A.E2..!..ication and Ob~ctives 

Submissions should contain as rnuch detail as possible 
co~ering the objectives of the project and the applications 
of data to be provided. Points covered should include an 
estimate of social or economic benefits that may be accrueù 
through the use of remotely sensed data. Attachments or 
references to specific programs, published papers or 
articles are useful. 
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The a~ea, flight line or target should be clearly 
defined on an accompanying map. Please use a scale of 
1:250,000 for altitudes of 11,000 feet and above, and 
1:50,000 for altitudes below 11,000 feet. Areas should, 
where possible, be oriented ta accommodate east/west flight 
lines. In some instances it may be wise to designate a 
prime target area that will provide pertinent data if time 
or weather precludes a flight over the complete area. 

NTS (National Topographie Series) map numbers of sheets 
used should be included to facilitate location of the area 
when only a portion of the map is submitted. 

Maximum allowable flexibility in tirne periods is 
requested to allow for scheduling, adverse weather 
conditions, etc. Please indicate all time perio<ls if 
repetitive flights are required; 

NOTE 

If the project is not flown 
during the requested 
acceptable time period, CCRS 
will assume that the task is 
cancelled unless the Principal 
Investigator requests an 
extension. 
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Maximum allowable flexibility in flight altitudes is 
requested to allow for weather or other restrictions. 
Altitude may be expressed as reguire<l scale if so desired. 
Note that some sensors and aircraft have altitude 
restrictions as follows: 

1. Cameras - Altitudes below 500 feet using a 3 inch 
lens or 1000 feet using a 6 inch lens will cause a 
loss of resolution due to image motion. (See 
Appendix "D" -- Image Motion Tables) 

2. Daedalus IR Scanner - Limited to a minimum altitude 
of 5 0 0 f e e t a t 1 2 0 k no t s ( De- 3 ) and 5 O O f e e t a t 1 4 0 
knots (Falcon). Altitudes below 1100 feet (DC-3) 
and 1400 feet (Falcon) will result in some loss of 
information due to gaps between scan lines. 

3. PRT-5 - Quantitative data doubtful above 8000 feet. 

4. In all cases the safety of the aircraft is the 
prime consideration in determining the minimum 
altitude at which a project can be flown. 

Requestors should carefully consider the effect of sun 
angle on photographie coverage requested. The acceptance of 
a low sun angle is desirable as it provides maximum 
flexibility in scheduling by extending the useful daily 
flying period and often permits the performance of early 
morning fl ights under candi tians of min i111um turbulence and 
maximum visibility. However, low sun angles - 20 degrees or 
less produce deep shadows in forested and/or hilly areas 
which rnay obscure required information. On the other hand a 
low sun angle can enhance geological features on land and 
reduce glare under certain water surface conditions {to 
avoid all specular reflection, a 45 degree maximum sun angle 
is required with a 6 inch lens). Thermal emissions recorded 
by infrared line scanners are of course directly affected by 
solar heating and pre-dawn or night flights with the scanner 
only may be desirable in some iristances. Night flights in 
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remote areas are extremely difficult to perform due to lack 
of visual references and should only be requested if 
suitable area marking such as flare pots or ground lights 
can be pre-positioned, or if the aircraft is equipped with 
suitable navigation equiµnent such as an inertial navigation 
system. For more complete sun angle information see 
Appendix "E" -- Sun Angle Tables. 

3.2.8 Percent Ç_lQud 

The percentage of cloud caver acceptable must be left 
to the discretion of the Principal Investigator. It should 
be remembered that 10 percent cloud cover often results in 
an additional 10 percent of the ground being obscured by 
cloud shadow which, on colour film, usually obscures surface 
detail. Most requestors accept between 10 and 20 percent 
cloud caver. It should be noted that overly stringent 
weather requirements may delay or prevent the completion of 
a project. 

Flight line spacing will normally be calculated for the 
sensor stated to give complete area coverage. (See 3.2.10) 
In addition, invoicing will be based on the performance of 
the primary sensor. 

Standard overlaps used in calculations are 30 percent 
sidelap and 60 percent forward overlap. The 30 percent 
sidelap is used in all cases of multiple parallel flight 
lines to ensure area coverage. 60 percent forward overlap 
is used where stereo coverage is requested. 20 percent 
forward overlap is used where track identification bnly is 
desired. Sorne consideration should be given to the 
selection of forward overlap on 70 mm coverage at low 
altitudes. For exanple: When equipped with a three inch 
lens and flown at 2000 feet, each camera will produce in 100 
nautical miles: 
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1. 760 exposures at 60 percent overlap. 

2. 380 exposures at 20 percent overlap. 

Consideration should also be given to the problem of 
flight line spacing when requesting the 70 mm camera as the 
primary sensor. The flight line spacing at lower altitudes 
may be such that precise navigation is impossible and could 
result in some loss of data. (at 2000 feet using a 3 inch, 
70 mm camera, the line spacing is only 800 feet.) Selected 
flight lines within an area of interest or the use of a wide 
angle (9" X 9") camera as primary sensor could resolve this 
problem. 

3.2.11 Sensors and Material 

It is . realized that many users are not familiar with 
the technical details and tapabilities of aircraft and 
s en sors . I n f o rrn a t ion on a i r cr a f t , s en s or s , f i 1 ms a n d 
filters are contained in applicable sections. Requestors 
should complete as much of the request form, or provide as 
many pertinent details in a letter as possible when they 
submit their request. Regional committees or CCRS staff 
will be happy to assist or advise in the completion of 
technical details. 

3. 2. 12 RgJ?roduc tion and Priori ties 

The various standard types of reproduction available 
are: 

1. Individual contact paper prints. 

2. Individual contact transparencies. 

3. Continuous contact paper prints. 

4. Continuous contact transparencies. 
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Individual reproductions are generally of a higher 
quality than continuous reproductions. They are also more 
expensive. Continuous reproductions can only be done on an 
entire roll or a large portion of a roll (minimum 25 feet). 
70 mm continuous enlargements to 9 in. X 9 in. are also 
available. For 70 mm imagery, individual reproductions are 
<lone in strips of four frames each. (See Appendix "A" 
NAPL Price List) The request for reproduction may also be 
deferred until after the Principal Investigator -has viewed 
the original imagery. 

Priorities will be established at the time the project 
request is accepted. These priorities are: 

1. If imagery is required within three working days of 
the flight the project will be allotted a number 
one priority. Original unannotated imagery will be 
shipped air-express collect (at the discretion of 
CCRS) to the user or it will be made available at 
the CCRS Opera tions Hangar for perusal by the user. 
A number one priority will be allotted only under 
very special circumstances and, as with all 
priorities, will be established at the time the 
project is accepted. Users holding original film 
under this priority are expected to return it to 
CCRS for indexing and annotation within a period of 
one month. Extensions to this period may be 
granted under special circurnstances. Upon return 
to CCRS, the original film is indexed and annotated 
on a priority four basis. It is then turned over 
to NAPL for storage. Any additional orders for 
reproduction of this imagery should be directed to 
NAPL. 

2. Priority nurnber two will provide a package 
consisting of a roll print from each requested roll 
within five working days. Imagery will not be 
annotated or indexed; quality of colour printing 
will be inferior to that normally produced by the 
step and repeat system, as control is limited on 
the roll printer~ After printing is completed, 
original film will be normally indexed and 
annotated. As with priority number one, all 
additional requests for reproduction should be sent 
directly to NAPL. 
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3. Priority number three will indicate return of 
reproductions within fifteen working days. 
Annotation and indexing will be complete<l. A 
"standard package" only will be provided. i.e. 
one roll of continuous contact prints from each 
black and white roll and selected contact stereo 
pairs, beginning, middle and end, from each colour 
ro 11. 

4. Minimum priority will be number four. This will 
provide all reproductions requested from annotated 
and indexed rolls within twenty-five working days. 

3.2.13 Delivery Instructions 

A request for priority one or two 
result in _ shipment by air express 
dispatch. For priorities three or 
delivery method. 

3.2.14 Secondary_~roduction 

will automatically 
collect or bankers 

four please specify 

Reproductions may not be ordered from a priority one or 
two until film is indexed and annotated. (In-camera 
annotation is currently available in some cameras see 
Appendix G) Any reproduction required, other than that 
stated on the original task sheet, is considered "secondary" 
a nd must be di r ec t ed to : 

National Air Photo Library, 
615 Booth Street, 
Ottawa, Ontario, 
KlA 0E4 

Telephone: 994-5457 
994-9113 

Te 1 ex: 0 5 3-43 2 8 
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This applies to photographie reproductions only. 

3. 3. 1 Ge ne.!:_a 1 

To ensure that all rea<lers are aware of the 
responsibilities of each section involved in the Airborne 
Operations Program, a sequence of events for the execution 
of a typical task is described as follows: 

The Principal Investigator submits a request for a 
remote sensing flight through his regional office or direct 
t o: 

Canada Centre for Remote Sensing, 
2464 Sheffield Road, 
Ottawa, Ontario, 
KlA 0Y7 
At~rr: Airborne Operations Section 

Telephone: 998-3101 
Telex: 053-3777 

3.3.3 Exa mination 

Requests for airborne rernote sensing flights are 
exarnined in detail to ensure that the task: 

1. Falls within the CCRS terrns of reference. i.e. is 
experimental or research, will probably result in 
soc i a l or economic benefit to Canada, cannot be 
perforrned by industry, etc. 

2. Is within the capabilities of the sensors and 
sensor platforms available. 
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3. Does not conflict with other scheduled tasks. 

Contact is established with the Principal Investigator 
by telephone, through correspondence and by meetings. Each 
detail of the request is confirmed. i.e. some changes to 
fli~ht altitude, time, sensor package etc. may be required 
to accommodate facilites or sche<luling. 

3.3.5 ~E..fQVa.!_ 

When it has been established that both parties 
(Principal Investigator and CCRS Airborne Operations) are 
agreed on all details of the task, a task "package" 
consisting of a task sheet and flight map is prepared for 
presentation to the CCRS approval committee. The task sheet 
(EMR 801 see Appendix H) has been revised to provide an 
itemized cost estimate and it constitutes a formal contract 
between all parties. Rejection or revision of the task by 
the approval committee results in irnmediate notification 
and/or negotiation with the Principal Investigator. This 
may result in revisions to the task and re-submission for 
a pproval. 

3.3.6 Finali~ation 

On receipt of approval, the task sheet is forwarded in 
two copies to the Principal Investigator for his signature 
and the insertion of a file or requisition number or other 
authority that may be quoted on an invoice from CCRS. The 
Pricipal Investigator's signature indicates that he 
understands all conditions of the task including the 
esti~ated cost. The requisition number should prevent a 
recurrence of invoicing problems previously encountered. 
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Revisions to projects as originally tasked will 
automatically result in the preparation of a new tasking 
form. Revisions in the field may be made at the discretion 
of the Principal Investigator and the flight crews involved 
but must be covered by a statement of agreement signed by 
both parties. 

3.3.8 Tasking_ 

CCRS Airborne Operations passes a copy of the signed 
task sheet to the flight crews as an order to fly the task. 
Further briefings on specific details are provided to the 
crews on an as-required basis at any time p~ior to the 
flight. It is often necessary tore-check some details with 
the Principal Investigator. A sample task sheet is shown in 
Appendix "H". 

Scheduling is controlled to allow the maximum number of 
projects to be completed in any area with a minimum 
e xpendi tur e of transit miles. 

3. 3 . 1 0 Not if i ca t ion 

By te le con or telex, CCRS Airborne Operations notifies 
the Principal Investigator {through a regional centre if 
possible) of the time period within which he can expect the 
aircraft to be in his designated area. This is usually done 
just prior to the deployment of the aircraft to that area. 
I t is the responsibili ty of the a ircraft crew to noti fy the 
Principal Investigator, if required, of the specif ic da te 
and hour of the flight. ·If for any reason the flight cannot 
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be performed, every attempt is made to notify all applicable 
parties. 

NOTE 

If the Principal Investigator 
has indicated that pre-flight 
notification is necessacy and 
the crew is unable to contact 
him or his designated 
representative prior to the 
flight, the project will NOT 
be flown. This should perhaps 
be taken into account when 
requesting pre-flight 
notification. 

3. 3. 11 El.ig.hLÇ,omEk t iQ.!l 

On the completion of a successful flight, all film, 
tape, charts and documentation are shipped to CCRS Airborne 
Operations by the fastest available means. 

3. 3. 12 E.r.2_ç_e s si ng 

CCRS Airborne Operations raises a work order for film 
processing which accanpanies the film to the National Air 
Photo Reproduction Centre (NAPRC). Magnetic tape is 
retained and ir:unediately reduced to hard copy. NAPRC 
processes the film and forwards resulting imagery to CCRS 
Airborne Operations Quality Control (AOQC). The imagery is 
then forwarded with applicable documentation directly to the 
Principal Inves tigator. 
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1. Checks the quality of all original imagery. 
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2. Disposes of unsuitable imagery and notifies the 
Pr inc ipa 1 Investigator of the action taken. 

3. Indexes and annotates imagery as required. 

4. Determines the percentage of the task completed. 

5. Raises a work order to NAPRC for the required 
reproduction. 

6. Checks the quality of all reproductions -and ships 
them to the Principal Investigator. 

7. Raises an invoice to the Principal Investigator for 
all applicable charges. 

NOTE 

Airborne Opera tians Quality 
Control is the direct contact 
for information regarding film 
processing, delivery, 
reproduction status, etc. 
Inquiries should be directed 
to: 

Canada Centre for Remote Sensing, 
2464 Sheffield Road, 
Ottawa, Ontario, 
KlA 0Y7 
At~n: Air Ops Quality Control 

Telephone: 998-3101 
Telex: 053-3777 
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3.3.14 Reproduction 

NAPRC performs the reproduction functions, places 
originals in storage and forwards reproductions to AOQC for 
verification and quality control. 

3.3.15 ShiJ;?m3Pt and Invoicing 

AOQC ships imagery to the Principal Investigator and 
prepares an invoice. The invoice will be raised against the 
order number shown on the task sheet and will include: 

1. Task number 

2. Purchase order number (if available) 

3. Da te f lown 

4. Total agreed charges as per task sheet 

5. Any deductions for work not carried out 

6. Net charge 

NOTE 

Line mile charges will be 
those stipulated in this 
bulletin. Material charges 
will be at current CCRS cost. 
Film processing, reproduction 
and handling charges will be 
as stipulated by NAPL. (Price 
list is attached as Appendix 
"A Il • ) 

NAPL invoices CCRS for film processing and reproduction 
charges. CCRS receives payment from the Principal 
Investigator and disburs es funds to applicable accounts 
N APL a nd Re c e i v e r Ge ne r a 1 . 
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It should be noted that the above sequence of 
operations applies only to imagery obtained, processed and 
reproduce<l in accordance with instructions contained in the 
task sheet raised for each project. Orders for additional 
photographie imagery must be placed directly with ~APL who 
will perform all functions and invoice accordingly. As 
previously explaine<l, re-orders for original data from 
magnetic tape should be placed directly with CCRS Airborne 
Operations. 
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4.0 SENSOR PLATFORMS 

4. l DC- 3 _ {DAKOTA) __ C-GRS B 

Description: 
Whitney 
manda tory 
opera tors 

Transport type aircraft having two 
reciprocat ing engines. Two 

and an additional five or 
may be carried. 

Pratt and 
pilots are 

six sens or 

Performance: Operational ceiling -- 10,000 feet (Note) 
Flight Duration -- 8 hours 
Range -- 1,200 nautical miles 
True Airspeed -- 120 - 150 knots 

Sensor Locations: All sensors are located aft of the 
wing-root and are completely accessible during flight. 

Sensor Control: 
providing 
recorders, 

Sensor controls are grouped on two consoles 
rapid access to monitor scopes, chart 

etc. 

Support Systems: 14 channel Mincom Tape Recorder 
Closed circuit television and video tape recording 

system 
Navigation -- Tacan, ADF, provision for INS, 

Doppler 
Communication -- UHF, 
A P U - - Ga s ope ra t ed 

engine starting. 

VHF, HF 
for ground power and 

VLF, and 

internal 

Sensor Complement - Present: Four identicàl camera ports 
are available. Each port will accept either four 
Vinten 70 mm cameras, one Wild RC-10 9" X 9" camera 
with 3. 4 6 inch or 6 inch lens cane, one RC- 8 9" X 9" 
camera with 6 inch lens cone or a Daedalus Infrared 
Linescanner. The package carried may therefore contain 
any one or any combination of the above sensors. In 
addition one PRT-5 Infrared Radiometer may be carried. 

Sensor Complement - future: Any existing sensor may be 
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replaced by sensors described in Section 10 -- A Look 
to the Future. 

NOTE 

Due to lack of an adequate 
oxygen system for the sensor 
operators this aircraft's 
maxi mum operating altitude is 
10,000 feet ASL. (12,000 feet 
ASL for a maximum of thirty 
minutes.) 
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CCTV Audio/Video 
Recorder 

Ri~~!'~~'~'t'L!~! Camera ___ ►i.>lra a 4--°[23~~~) ~~~s~1'4t~~ Scanner 
4 Vinten 70mm Cameras h l'lt'.J ~RC-10 9"x9" (Y\etric Camera 

3"or6"Lenses ..,. Il■~ 88mm or 6 Lens 

PRT-5 Radiometer 
8-14um 

Dakota C-GRSB' 

Figure 2 -- oc~3 C-GRSB 
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4.2 DC-3_ (DAKOTAl_C-GRSA 

Description: Transport type aircraft having two 
Whitney reciprocating engines. Two 
manditory and an additional five or 
operators may be carried. 
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Pratt and 
pi lots are 

six se nsor 

Performance: Operational Ceiling -- 10,000 feet (Note) 
Flight Dura tion -- 8 hours 
Range -- 1,200 nautical miles 
True Airspeed -- 120 - 150 knots 

Sensor Locations: All sensors are located aft of the 
wing-root and are cornpletely accessible during flight. 

Sensor Control: Two equipment racks have been provided to 
mount all sensor controls. 

Support Systems: 14 channel Mincom tape recorder 
Closed circuit television and video tape recording 

system 
Navigation -- Tacan, ADF, Provision 

Doppler 
Communication -- UHF, VHF, HF 
APU -- Gas operated for ground power 

engine starting 
Provision for ADAS Support System 

for INS, VLF, 

and internal 

Sensor Complement - Present: This aircraft is modified to 
accept all standard sensor packages. As it is 
dedicated to experimental work and sensor testing, no 
standard package can be described. It will eventually 
be fitted with a variety of sensors as described in 
Section 10 -- A Look to the Future. 

NOTE 

Due to lack of an adequate 
oxygen system for the sensor 
operators this aircraft's 
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maximum operating altitude is 
10,000 feet ASL. (12,000 feet 
ASL for a maximum of thirty 
minutes. ) 

Page 3 5 
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!:J,• 
E . . 

, 

a 

CCTV Audio/Video 
Recorder 

LTN-51 (Modified) 

1a---- 2 Additional 
SmaU Ports 

Dakota C-GRSA 

Figure 3 -- DC-3 c-GRSA 
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4. 3 Falcon Fan Jet C-GRSD 

Description: Executive transport type aircraft manufactured 
by Dassault (France). It has two fan-jet engines and 
carries two pilots and four or five sensor opeators. 

Performance: Operational Ceiling -- 36,000 feet ASL (stable 
plat form) 

Flight Duration -- 2.5 to 3 hours 
Range -- 1,500 nautical miles 
True Airspeed -- 250 - 400 knots 

Sensor Locations: The Daedalus Scanner is mounted in the 
nose outside the pressurized hull. Cameras are located 
inside the aircraft cabin behind special ports. 

Sensor Cont~ol: Sensor controls are grouped on a series of 
consoles in the cabin. 

Support Systems: 14 channel Mincom Tape Recorder 
Closed circuit television and video tape recording 

system 
Doppler Navigation System 
Inertial Navigation System 
Provision for VLF Navigation System 

Sensor Complement Present: The basic sensor package 
consists of the Daedalus Infrared Scanner with 
recording facilities for two channels plus the PRT-5 
radiometer. In addition any two of the optical sensors 
listed below may be carrie<l and operated singly or 
simultaneously with the above package. 

1. RC-10 9" X 9" camera with either a 3.46 inch or a 6 
inch 1 ens. 

2. RC-10 9" X 9" camera with a 6 inch lens only. 
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3. Four Vinten 70 mm multispectral pack with 3 inch 
matched lenses and filters. 

Sensor Complement - Future: Sorne existing sensors may be 
replaced in the future by items described in Section 10 
-- A Look to the Future. 
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...,__ Daedalus 2 channel IR Scamer 
11-----" (3-5)& (8-14) .um 

RC-10 9"x9"MetricCamera 
88mm or 6" lens 

RC-10 Met rie Camera 
6"1ens 
OR 

4 Vinten 70m m Cameras 
3" or 6" lenses 

CCTV Audio/Video 
Recorder 

Falcon C-GRSD 

Figure 4 -- Falcon c-GRSD 
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4.4 Convair_580 c-GRSC 

Description: The C onva ir 5 80 is a former pass eng er 
transport aircraft having two Allison 501-dl3d 
propeller jet engines producing 8000 horsepower. The 
aircraft crew consists of two pilots. It has positions 
for seven sensor operators and six additional seats for 
other obs ervers. 

Performance: Operational Ceiling Approximately 23,000 
feet 

Flight Duration -- 8 hours 
Range -- 2400 nautical miles 
True Airspeed -- 300 knots 

Sensor Location: Aft part of the 
accessible durinCJ flight. 

fuselage completely 

Sensor Complement: Daedalus Multispectral Scanner 
PRT-5 or PRT-6 infrared radiometer 
Two RC-10 metric cameras each with 3. 46 or 6 inch lens 

or one RC-10 metric camera with 3.46 or 6 inch lens 
pl us four 7 0 mm cameras each wi th 1. 5, 3 or 6 inch 
lens. 

Scat terometer 

Support Systems: Wild NF-22 drift sight 
14 channel Mincom Tape Recorder 
Closed circuit colour television and video tape 

recording system. 
Doppler Navigation System 
VLF Navigation System 
Inertial Navigation System 
Radar Altimeter 
Status: Expected to be operational for the 1977/78 

season. 
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Global SOOA Nav System 

Scatterometer 

Skylight port 

2-21" dia. ports 
34" dia. port 
28" dia. port 

Daedalus Multi-spectral 
Scanner 

Convair C-GRSC 

Figure 5 -- Convair 580 c-GRSC 
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4.5 Tethered Balloon 

Description: Pire-orange, zepplin shaped, helium-filled 
balloon made of 2-mil polyurethane with rigid tail 
vanes. The balloon is equipped with a radio-controlled 
70 mm camera in a gimbal mount. A safety val~e 
automatically deflates the balloon if the tether line 
breaks. 

Vol urne: 25 eu. metres ( 88 0 eu. f t. ) 

Length: 8 . 3 rn e tr es ( 2 6 . 6 f t) 

Diameter: 2.5 metres (8 ft.) 

Weight: 11 kg. (24.2 lb.) 

Bursting Altitude: 5000 metres (16000 ft.) 

Tether: 2000 metres (6500 ft.) of 300 kg. (660 lb.) 
strength tether line wotind on a hand operated winch. 
Weight of the tether line is 2 grams per metre. 

Tether Markers: 6 inch by 10 foot orange streamers attached 
to the tether line at 50 foot intervals commencing at 
150 feet below the balloon to 150 feet above the winch. 

Maximum Wind: 30 knots 

Maximum Lift: greater than 50 lbs. 

Sensor Package: One motorized Hasselblad 70 mm camera with 
either a 40 mm or 80 mm focal length lens and a 100 
foot film magazine. The camera is mounted in a gimbal 
mount suspended 50 feet below the balloon. 
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Sensor Central: The camera is radio controlled from a 
transmitter and intervalometer on the ground. 

Sensor Complement - Future: Possible addition of a second 
Hasselblad, a 70 mm four lens multispectral camera, a 
multispectral photometer, a television camera, a 
gyro-stabilized mount and a motorized winch. 

NOTE 

The CC RS 'fethered Balloon 
Project suffered a serious 
setback in the Spring of 1977 
with the loss of the balloon 
and camera package. At 
present there are no plans for 
a replacement. 
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5.1 Vinten 70mm T~_492 (modified) 

F o r ma t S i ze : 2 inch wide X 2.25 inch long (line of flight) 

Lens: 6 inch - f 2.8, 3 inch - f 2.0, or 1.5 inch - f 2.8 

Shutter Speed: 1/500 second 

Cycle Rate: .5 to 999 seconds pulse mode 

Film Supply: Magazine - vacuum back 

Film Capacity: 70 mm X 150 feet black and white estar base 
- 700 exposures; or 70 mm X 100 feet colour estar base 
- 460 exposures 

Spectral Characteristics: 
combination us ed 

Dependent on film filter 

Filters: Most commercially available glass and/or gelatin 
filters including HF and CC series. Special glass 
filters to match ERTS bands. NAV filters available for 
1.5 inch lenses. See Section 7 -- Filters. 

Spatial Characteristics: 20-25 lines per mm. (low contrast 
annular target) Airtest using medium speed pan film and 
normal processing. 

Physical Parameters Measured: 
earth features 

Solar reflected energy of 

Av a i 1 ab 1 e : 1 0 - c am e ra bo d i e s , 5 b a c k t ra c k bo d i es , 8 3 
inch lenses, 4 - 6 inch lenses, 4 - 1.5 inch lenses. 
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5.2 Wild_Heerbr_ggg_- RC-8 

Description: Aerial survey camera 

Format Size: 9 inch X 9 inch (23 cm X 23 cm) 

Lens: 6 inch - f 5.6 Aviogon (UAG) 

Shutter Speed: 
variable 

1/100 to 1/700 second 

Cycle Rate: 1 cycle per 3.5 seconds - maximum 
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con tinuous ly 

Film Supply: Magazine having a vacuum platen and an 
integral vacuum pump 

Film Capacity: 9 inch X 250 feet black and white estar base 
280 exposures; or 9 inch X 200 feet colour estar 

base - 225 exposures 

Spectral Characteristics: 
combinat ion us ed 

Fil ter s: Neutra 1 A V 2. 2 
500 AV 1.4 
540 AV 2.2 
700 AV 1.4 

De pendent on film/filter 

Spatial Characteristics: 25 plus lines per mm. (low 
contrast annular target) Airtest using medium speed pan 
film and normal processing 

Physical Parameters Measured: 
ea r th fe a tures 

Solar reflected energy of 
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5. 3 Wild Heerbrfilg - _RC-10 

Description: Aerial survey camera 

Format Size: 9 inch X 9 inch {23 cm X 23 cm) 
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Lens: 88 mm (3.46 inch) Super Aviogon II {SAG II) 3 
available; or 6 inch Universal Aviogon II (UAG II) - 5 
available 

Sh ut ter Speed: 
variable 

1/100 to 1/1000 second 

Cycle Rate: 1 cycle per 1.8 seconds - maximum 

c o nt i n uo us 1 y 

Fi lm Su pp 1 y: Individual feed and take-up cassettes with a 
separate vacuum platen 

Film Capacity: 9 inch X 250 feet black and white estar base 
280 exposures; or 9 inch X 200 feet colour estar 

base - 225 exposures 

Filters: 
SAG II . - 88 _ mm UAG_II _- _6 inch 

Neutral Sandwich Neutra 1 AV 2. 2 
Neutra 1 AV 3. 3 Neutra 1 AV 2. 2 
Neutral AV 3.0 Neutral AV 2.2 
420 AV 3. 0 420 AV 2. 0 
500 AV 2. 2 420 AV 2. 0 
5 0 0 AV 2. 2 525 AV 2. 0 
520 AV 3. 3 525 AV 2.0 
525 AV 3. 0 525 AV 2.0 
545 AV 4. 4 3 0 o-400 nm UV 

700 AV 2. 2 705 AV 2.0 
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To the above filters can be added CC (gelatin) filters in a 
special holder between the lens and the focal plane. 

Physical Parameters Measured: 
earth features 

Solar reflected energy of 

Avail able: 5 - cameras, 3 - 88 mm lens cones, 5 6 inch 
lens cones 

5.4 Hasselblad 500EL 70mm 

For ma t S i z e : 2. 25 inches square 

Lens: 40 mm f4 or 80 mm f2.8 

Shutter Speed: 1 - 1/ 5 0 0 s e co nd 

Cycle Rate: Manual or controlled by external intervalometer 

Film Supply: Motor driven magazine 

Film Capacity: 70 mm x 150 feet black and white estar base 
- 700 exposures; or 70 mm x 100 feet colour estar base 
- 46 0 e xposures 

Spectral Characteristics: 
combinat ion us ed 

De pende nt on film filter 

Filters: Most commercially available glass and/or gelatin 
filters including HF and CC series. 

Spatial Characteristics: 20 lines per mm nominal 
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Physical Parameters Measured: 
earth features 

Solar reflected energy of 

Avail able: 3 camera bodies, 3 magazines, 4 - 80 mm lenses, 

Des cr ipt ion: Precision Radiation Thermometer 

Spectral Characteristics: 8-14 um or 9.5-11.5 urn 

Spatial Characteristics: 2 degree field of view 

Ternperature Range: 
ranges 

-20 degrees C to +75 degrees C in three 

Absolute Accuracy: Plus or minus 0.1 degree C 

Sensitivity: 0 .1 degree C 

Data Output: Equivalent black body radiation temperature 
for recording on chart paper or magnetic tape 

Physical Parameters Measured: 
from the Earth's surface 

Infrared radiation emitted 

Avail able: 8-14 um - each two, 9.5-11.5 um - each two 

Description: Precision Radiation Thermometer 
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Spectral Characteristics: 3.4-4.2 um or 9.5-11.5 um 

Spatial Characteristics: 2 d eg ree field of v iew 

Absolute Accuracy and Sensitivity: 
used 

Dependent on filters 

Data Output: Target radiance. May also be calibrated in 
terms of equivalent black body radiation temperature. 
May be recorded on a chart recorder. 

Physical Pararneters Measured: 
from the Earth's surface 

Infrared radiation emitted 

Available: -One 

5.7 8-14 um Versus 9.5-ll~ _um 

The wider the spectral pass-band of a 
greater is the incoming radiation flux. 
is its sensitivity and the smaller is the 
with the measurement. 

radiometer, the 
Hence, the higher 
noise associated 

If the raùiometer's pass-band covers an attenuation 
band of the atmosphere, and a target is "viewed" through a 
significant thickness of this atmosphere, then the 
measurement will differ considerably from what it would be 
were the radiometer close to the target. First, the 
atmosphere attenuates the radiation emitted by the target so 
that a smaller quantity reaches the radiometer. Second, the 
intervening atmosphere emits radiation in proportion toits 
degree of attenuation. This emission will be seen by the 
radiometer. If the intervening atmosphere is at the same 
temperature as the target radiation temperature, then no 
error will result. The amount of attenuation will be 
exact ly ba la nced by the a tmospher i c em iss ion. The 
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atmospheric emission is, however, temperature dependent. 
Atmosphere hotter than the target will emit more radiation 
than it absorbs from the target; the radiometer will 
indicate an apparent target temperature higher than the real 
temperature. Conversely (as is more usual), a colder 
atmosphere will emit less radiation than it absorbs from the 
target; the radiometer will indicate an apparent target 
temperature lower than the real temperature. 

The temperature error depends on a number of factors: 

1. The temperature difference between atmosphere and 
target. 

2. The attenuation factor of the atmosphere in the 
radiometer pass-band. 

3. The path length over which the measurernent is made. 

4. The density of absorbing gases in the atmosphere. 
(e.g. water vapour, carbon dioxide, etc.) 

Water vapour is the critical offender. 
e rror wil 1 occur on a hum id day. 

The g rea test 

The radiometer pass-band is dictated by its filter. 
The 9.5-11.5 um band is the most transparent part of the 
thermal IR. The 8-14 um band is less transparent; water 
vapour absorption occurs between 8 and 9.5 um and between 
11. 5 a nd 1 4 u m. 

With measurements made 
a 9.5-11.5 um radiometer 
one-third that of a 8-14 um 
t h e pass-band from 8-14 
slig htly poorer sensitivity 
t h es e a r e us ua 1 l y " g ood " 

through intervening a tmosphere, 
will give an error of about 

radiometer. The reduction of 
um to 9.5-11.5 um results in 
and slightly more noise, but 
enough that it is of no issue to 
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· most applications. 

The radiometer with 9.5-11,5 um pass-band is to be 
preferred over the 8-14 um one, and is the one normally 
employed for airborne work. 

5 . 8 Da ed a 1 u s _ ( s in ql e _ch an ne 1 L 

Description: A single-channel optlcal mechanical line scan 
radiometer that records energy reflected or emitted 
from the Earth's surface. 

Internal Design Features: 
Field of view 77 degrees 20 

(roll) to plus or minus 5 
Mirror speed - 60 scans per 
2 calibrated black bodies 

minutes, 
degrees 

second 

gyro s tabil i zed 

Detector (A) - cooled mercury cadmium telluride 
Detector (B) - cooled indium antimonide 

Spatial Resolution: 
De t ec t or (A) - 2. 5 mi 11 ira di ans 
Detector (B) - 1.7 milliradians 

Spectral Bandwidth 
(A) - 8-14 um (eut on filter at 8.5 um) 
(B) - 3-5 um (eut on filter at 4.5 urn) 

Data Output: Magnetic tape 

Physical Parameters Measured: 
from the Earth's surface 

Avail able: One 

Infrared radiation emitted 
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Description: A dual channel optical mechanical line 
scanning radiometer that records energy reflected or 
emitted from the Earth's surface 

Internal Design Features: 
Field of view 77 degrees 20 minutes, 

{roll} to plus or minus 5 degrees 
Mirror speed - 60 scans per second 
2 calibration black bodies 

gyro stabilized 

Detector {A} - cooled mercury cadmium telluride 
Detector {B} - cooled indium antimonide 

Spatial Resolution: 2.5 milliradians 

Spectral Bandwidth: 
{A) - 8-14 um 
(B) - 3.5-5.5 um (eut on filter at 4.5 urn) 

Data Output: Magnetic tape capable of two channel 
simultaneous operation 

Physical Parameters Measured: 
from the Earth's surface 

Infrared radiation emitted 

Ava i l able: One 

NOTE 

CCRS utilizes a field printer 
to produce negatives on film 
frorn rnagn~tic tape. One c o py 
is sent directly to the user 
and one copy is indexed, 
annotated and stored by NAPL. 
(Effective July 1975, storage 
of o ne copy in NAPL will be 
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Stable Pulse 

discontinued.) Original 
are stored within the 
Acquisition Division and 
be reproduced on request. 

tapes 
Data 
will 

A signal processor is now 
available to provide users 
w i th a "de ns i t y s 1 i c i ng" 
service if requi red. (See 
Sec t io n 5 . 1 0) 
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Levels 
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Figure 6 - Daedalus Level Slicing 

Daedalus infrared imagery can be processed in two basic 
modes: relative and quantitative. The relative mode of 
processing produces a continuous tone image of the ground. 
The relative tones on the film repre s ent relative 
temperatures on the ground. Absolute temperatures cannot be 
determined by this method of processing. 

The quantitative mode employs a set of voltage dividers 
which slice the total signal range into six e ve n l e v e l s o f 
information. This total level slicing of all six even 
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levels is called a "Master Set" or "Range 1-7" (six levels). 
Besides the full range of 1-7, it is possible to select the 
fol lowing a 1 te rna te ranges: 

6-7 
5-6 5-7 

4-5 4-6 4-7 
3-4 3-5 3-6 3-7 

2-3 2-4 2-5 2-6 2-7 
1-2 1-3 1-4 1-5 1-6 1-7 

The first number must be less than the second number. 

When you select these ranges they slice the signal into 
six even levels. The thermal black bodies one and two are 
the lower and upper temperature limits of the master 
temperature range. When you select a range other than the 
master range 1-7, you are selecting "sixths" of the total. 
For example if you select range 3-5 then you are extracting 
data from a total available temperature range of 3/6 to 5/6 
of the master temperature range. If the lower and upper 
temperature limits during recording were 2 degrees and 20 
degrees, this is a spread of 18 degrees which when divided 
by the voltage dividers gives 3 degrees per level. 

In the master 
temperatures: 

set 

Rang.ê_ 

7 
6 
5 
4 
3 
2 
1 

this gives seven 

Temperature 

20 degrees 
17 deg rees 
14 d eg rees 
11 d egrees 

8 degrees 
5 d eg rees 
2 degrees 

These seven temperatures define the six levels: 

distinct 
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6 
5 
4 
3 
2 
1 

Tell_!Berature_Ranqe 

17-20 
14-17 
11-14 

8-11 
5-8 
2-5 

degrees 
degrees 
d egrees 
deg rees 
deg rees 
degrees 

Page 55 

If you now select range 3-5, you use 3/6 of the total 
or 8 degrees, to 5/6 of the total or 14 degrees. This 
establishes the new lower and upper limits of 8 degrees and 
14 degrees. These new limits will now be sliced by the 
voltage dividers. 

14 - 8 = 6 {Temperature Range) 
6 degrees/6 levels = 1 degree per level 

We now have the new temperature range: 

New Rang_e _( 3-_2..l 

7 
6 
5 
4 
3 
2 
1 

14 degrees 
13 d eg rees 
12 degrees 
11 degrees 
10 d egrees 

9 d egrees 
8 d eg rees 

This new temperature range defines six new levels: 

6 
5 
4 
3 
2 
1 

Temeerature_Ranqe 

13-14 
12-13 
11-12 
10-11 

9-10 
8- 9 

d egrees 
degrees 
d eg rees 
degrees 
d eg rees 
deg rees 



CCRS AI RBORNE PROGRAM Page 5 6 
S ENSOB.ê. 

In summary, any range we wish can be selected and it 
will be divided into six levels. To determine just what 
temperature we are observing we must go through the 
mathematical process and attain the six levels of the master 
set and then the six levels for the selected range. 

On the photographie negative each level is represented 
by a particular shade of grey. This particular density will 
correspond to that temperature range throughout the flight 
run. For convenience, prior to each flight run an 
electronic step wedge which prints out the six different 
density levels (shades of grey) will be put on the film. 
The user will note that these wedges also include two other 
steps black and white. These represent the black bodies 
or, if you wish, the limits of the signal structure. 
Everything that is below (outs ide) black body ohe is white 
and everything that is above (outside) black body two is 
blacked out. On the original negative, the greater the 
temperature of the ground, the greater the density of the 
fi lm. The six tempera ture leve 1s, when proces sed 
individually, are called isolevels. An isolevel prints one 
of the shades of grey (density levels) at a time. It can 
print 1/6 of the total range you have selected. Since it is 
printed one level at a time, there is no need for it to be a 
particular density to distingui~h it from other densities. 
Therefore it is printed on the film as black on the 
transparent background. 

In 
Daedalus 
f eatures: 

addition 
field 

to quantitative 
printer offers the 

imagery slicing the 
following additional 

1. Bi-format imagery on five inch wide film (Two 70 mm 
s ide by s ide strips) 

2. Five inch single format imagery 

3. 70 mm single format imagery 

4. Two channel imagery ratioing in various modes 



CCRS 
SENSQg§_ 

AI RBORNE PROGRAM 

( Providing two channels 
s imul ta neously) 

5. Imagery linear rectification 

have 

6. Nadir line and PRT-5 trace overlays 

Page 5 7 

be en record ed 
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5.11 Tempe rature Coded Colour Daedalus _Imag_ery 

A popular ouput product available for the Daedalus 
infrared scanner is a colour image in which the Daedalus 
readings have been converted to ternperature, a colour code 
assigned to particular temperature ranges, and the whole 
printed on a 9.5 inch wide continuous strip colour film. At 
present this is achieved in two steps but in late 1977 it 
will be possible to generate the film in a single step. The 
two steps at present are: 

1. Digitization of the Daedalus tape obtained from the 
aircraft flight to produce a computer compatible 
tape (CCT). This CCT is retained for a period of 
one week following its generatlon for repeat runs 
with different output parameters for the film 
product should the user require same. 

2. Ge nera tio n of a control tape for the Cont inuous 
Strip Film Recorder (CFSR). 

During Daedalus flights infrared sensed data of the 
ground is generated along with calibration data obtained 
f rom two black bodies ma intained at a constant known 
ternperature. This calibration information is used to 
convert the Daeda lus infrared sensed intens ity information 
to tempera t ure. 

The "standard" option is that in which the temperature 
range between the cold and hot black bodies is divided into 
ten approximately equal intervals and a standard colour 
(following the spectrurn in which purples are considered cold 

and reds and browns hot) is assigned to each interval. 
Values below the cold black body are co<led to white and 
above the hot black body are coded to black. 

The image, with its ten colours, plus black and white, 
is corrected for S-bend and also for orthogonality (from a 
knowledge of the altitude and velocity of the aircraft). 
Output is on a continuous strip film 9.5 inches wide (of 
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which approximately 8.5 inches is used for the image). 
Theoretically the length of the film is up to 250 ft. but 
strips are usually limited to about 8500 scan lines. The 
"standard" option includes a variable, user assigned 
annotation, plus annotation indicating all the parameters 
used for the output. The annotated colours used are also 
output, as is the colour histogram, and a black and white 
histogram of the data. The colour histogram prints out the 
colours used in the image, proportional to the main colour 
in the image, which is taken as 100. The black and white 
h istog ram i s a repres enta tian of the ind ividual tempera tures 
used in the image. A computer printout of the pararneters 
used, the colour assignments, and the black and white 
histogram, is also available in the "standard" option. 

Present price for the "standard" option is: 

Cost of Project = Distance(Ft.)/Altitude(Ft.) X $12.00 

Additional options presently available at the same 
price (although this may change in the future) are: 

1. Standard colour sets of · 5, 6, 12, 15, 20 plus black 
and white. 

2. Standard ranges (temperature breaks) 
arbitrarily assigned minimum and 
temperatures 5, 10, 15, and 20. 

between 
maximum 

3. Individually assigned colour codes (from a master 
set of 7 9 2) . 

4. Individually assigned temperature 
d i f f e re nt pa rame te r s . 

ranges 

Reproduction rnay be ordered from the master 
negative at a cost of $1.25 per foot of imagery(min. 

with 

colour 
charge 
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Repeat runs (if the CCT is sti.11 available -- one rnonth 
time limit) can also be made. 

Inquiries about the program and requests for imagery 
should be directed to: 

Canada Centre for Remote Sensing 
2464 Sheffield Road 
Ottawa, Ontario 
KlA 0Y7 
Attn: Airborne Operations Section 

Telephone: 

Te lex: 

993-0121 (Sheffield Road) 
998-3101 (Operations Hangar) 
053-3777 (Sheffield Road) 
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5.12 Tektronix_Jl6 Photometer 

Des cr ipt ion: Digital photometer/radiometer 

Spectral Characteristics: With J6502 "Irradiance Probe", 
provides linear sensitivity (100%) from 450 nm to 1000 
nm. The probe is filtere<l to correspond to the 
wavelengths to which various film and filter 
combinations are sensitive. 

Spatial Characteristics: 
view, mounted to 
cameras 

Approximately 20 degree angle of 
view the terrain covered by the 

Sensi tiv i ty: .001-1000 watts per square centimeter 

Da ta: Primarily provides a 
is used as a guide 
while airhorne. It is 
that require critical 
the terrain to be 
specific interests of 

measure of reflected energy that 
for film exposure determination 

perhaps most useful in cases 
exposure of a specific portion of 
photographed, dictated by the 
the Pr inc ipa 1 Inves tiga tor. 

Avail able: Two per aircraft 

5.13 Exotech ERTS Radiometer 

Description: Radiometer spatially and spectrally matched to 
ERTS bands. Suitable for ERTS ground truth data and 
Vinten multispectral camera pack exposure determination 

Spectral Cha rac ter is tics: . Four channe 1s /bands. 
600-700 nm, 700-800 nm, 800-1100 nm. 

500-600 nm, 

Spatial Characteristics: Can be hand-held or mounted in the 
aircraft. Facility for 15 degree circular field of 
view, 1 degree square field of view for ERTS format, or 
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2 PI steradian field of view for incident radiation 

Sensitivity: .0001 .01 watts per square centimeter 
through four levels of gain. 

Accuracy: Plus or minus five percent 

Data Output: Manual or magnetic tape recording (on board 
aircraft only) of all four bands individually and 
simultaneously, or each band one-at-a-tirne 

Avail able: One 
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Every attempt is made to purchase photographie film 
once per year in large orders. Purchase instructions 
reguire that all rolls of each film type have the same 
emulsion number. Film rolls are stored in walk-in freezers 
at the manufacturer's recommended temperature. Small 
freezers are utilized for the storage of small quantities of 
film in the camera loading area. 

The following pages list the film types and sizes 
available at all times within the airborne remote sensing 
system. Spectral sensitivity and spectral dye density 
curves are reproduced with permission from a copyrighted 
Kodak publication. 

6.2 Kodak Plus-X AerograQhic_ Film 2402 (Estar Basel 

70 mm X 150 feet - Vinten -- $25.86 per roll 

9.5 inch X 250 feet - RC-8, RC-10 -- $129.91 per roll 

Spectral Sensitivity Curves 
D-19 

2.0~----r----.-------,------,----=-~r---r--,--,---,--;,..o:;i, 

o.oL __ j_ __ _J_ __ -+--~~--+----+---+----t---,\1 
Effective Exposure l ime (1., iec) 

Oevelopmenf. KODAK Oeveloper 0 -19, 8 min 01 75 F 
in o S.nsitometric Proceuing Machine 

1.0L __ _L __ _L __ ~---J.::-----;~--~---;;600~ --jb50o-7700~-~,so = ~ = ~ ~ - = 
WAVELENGTH (nm) 

Figure 8 -- 2402 Spectral Sensitivity 

This is a general purpose black and white film used 
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relatively high resolution reproduction is required. 
extended red sensitivity permits use in the 

multispectra 1 camera 
red spectral bands. 

system for recording in the green and 

6. 3 Kodak_Double-X Aerog_fa.e_hic Fi lm_2 405 __ (Es tar base)_ 

7 0 mm X 150 f ee t - Vin te n - - $ 2 6. 9 3 pe r ro 11 

~1.0 

~ 
in 

~ 
C> 

9 . 5 i ne h X 2 5 0 f e et - RC- 8, RC - 1 0 - - $1 3 6 . 8 9 p e r ro 11 

D-19 

D= 1.00 Above Grou Fog 
Expoivre . 1.3 sec 
Oevelopment: KODAK Developer 0 -19, 8 min ot 68 f 

in a Sensitometric Processing Machine 

9o.o~----1----+----+---+---+---~--+---t---n-T- Î 

i.~
50
L __ __1

300
---3Lso ___ ,00L__ __ -1.,50--~5~00------=-55'.':-o----:-:600:-----:6:;;5o:-------;,~oo--~,50 

WAVELENGTH (nm) 

Figure 9 -- 2405 Spectral Sensitivity 

This is a general purpose black and white film used 
when lower than normal light conditions are likely to be 
e ne ou nt e re d ; I t s e x tend e d r ed se ns i t i vit y permit s us e in 
the multispectral camera systems for recording in the green 
and red s pec tra 1 bands. 

Because the spectral response of 2402 and 2405 are 
virtually identical, these two film types are used 
interchangeably at the discretion of the sensor operator. 
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6.4 ~Od?lk Infrared Aeroc_u:aphic Film 2424 ._(Estar Bastl 

70 mm X 150 feet - Vinten -- $47.60 per roll 

9.5 inch X 250 feet - RC-8, RC-10 -- $254.63 per roll° 
Spectral Sensitivity Curves 

D-19 
ld• 

--_/ -~ .._ 

OJ) 

250 

--......J 
/~ -----

\ 

Figure 10 

-- "' o-o.JAoo,,,eGr-ow.foe 

------
\ 

I'\..____/ i----- \\ V 
~ .OAbo ... Gfonfog 

1 ... 
W.-.Vf.lfNGTH (-l 

24 24 Spectra 1 Sensi tiv i ty· 

A negative camera film having sensitivity to infrared 
as well as to ultraviolet and visible radiation. 

This is a black and white film used primarily for 
recording in the near infrared portion of the spectrum. Its 
speed approximates that of Plus-:X aerographic film type 2402 
but its resolution is much lower. Extreme care in handling 
i s requi red to pr event the formation of l igh t and c-~ ,:-r_: i. '2al 
fog. 

6.5 Kodak MS __ Ektachrome Aero9.raphic Film_2448 (Estar_Basel_ 

70 mm X 100 feet - Vinten --- $65. 7 3 per roll 

9.5 inch X 200 feet - RC-8, RC-10 -- $417.70 per roll 

A f in e gr ai n, 
aerial film. 

medium speed camera colour reversal 
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2.0t-----+---+-----+----+--------4-----+----+-----+----l-------l 

Yellow-

î.~5'-=-0 ___ 300'-----3-'-50---,...J....oo _ __J__,....1150:...._ __ .....1.500_----'L--....J550L----~6001__ ___ 6J...50 __ ____i1...1..00 __ ~150 

WAVELENGTH (nm) 

Figure 11 -- 2448 Spectral Sensitivity 

Spectral Oye Density Curves 
1.5-------~--~---~--~----,-----.-------r-----.-----, 

2d8 

0.Q OGA 

250 300 350 450 500 550 600 
WAVELENGTH (nm) 

Figure 12 -- 2448 Spectral Oye Density 

This is a general purpose positive colour 
when immediate access to a positive original 
desirable. It has been successfully used in the 
of vegetation, geological features and underwater 
including aquatic plants. 

700 750 

film used 
image is 

record ing 
formations 
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Kodak Aeroçglor_N~t_ive F ilm __ 2445 _(Estar __ Base) 

7 0 mm X 1 0 0 f ee t - Vin te n - - $ 6 5. 7 3 p e r ro 11 
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9.5 inch X 200 feet - RC-8, RC-10 -- $417.70 per roll 

A h ig h s p e ed , ex t rem e l y 
negative aerial film. 

fine grain camera colour 

Spectral Sensitivity Curves 

2.0r-----r-----,-----,------,----,-----,----,----,---i----, 

Effective hpos.ure Time: 1.4 sec. 

AER:Q.NEG Color Proceu 
o.ol-----+-----lf-------F=="'""-c----+--~-h-----:,f--- --\--t------t----1.--t-----i 

log Sensitivity ot o $lotus M Fiher 
density of 1.0 obo'<'e D min using on EASTMAN 
Electronic Oensitometer, Madel 3 1A 

Ï .~SOL __ ___;JOOL___ __ -135-0 -----1~00----1.450 _ __ 500c:-'-:----'--5:-::50:-------:-::-----;6;-;:50-----;700-:::;:-----;-;750 

WAVEL ENGTH (nm) 

Figure 13 -- 2445 Spe~tral Sensitivity 

Spectral Dye Density Curves 

1.5 ..------r-----,,------,------,----,-----,----,----~---r------:::::-i 

I'.: 1.ol----l---~l-----l-,.L----l.....:::,,.,._--+----:-;,L----+-~"'-s;;::-+--::;;,,_,,L--:;;t-:=';:=~ t---î 
;;; 

~ 
< 
ü 
*o.sl----l-----1-----+----+--~-b,L---+---V,----t----,-~ 

Figure 14 -- 2445 Spectral Oye Density 

A general purpose negative 
rap i d prod uction of positive 

colour film 
copies. It 

t h at per mi ts 
has been used 
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successfully in the recording of vegetation, geological 
features and underwater formations including aquatic plants. 
It will penetrate water to a depth equivalent to that 
discernible with the naked eye and is recommended for this 
purpose. It presents some advantages in that manipulation 
during repro::luction can often be used to enhance desirable 
f ea ture s. 

6.7 Kod~k_Aerochrome Infrared Film_2443 (Estar _BaseL 

70 mm X 100 feet - Vinten -- $83.80 per roll 

9.5 inch X 200 feet - RC-8, RC-10 -- $554.33 per roll 

A false colour reversal film for application where 
infrared discrimination is required. 

Spectral Sensitivity Curve 

2.0.-----,------,----......----,------,----.-----,------,-----r----~::-,~ 

Effective Exposure l ime- Y,oo sec. 

Development: KODAK Proceu EA. 5 Chemicols 

f-------+---~--A--1,,L-------\--t-- ~ ...-t'=-----\--f- Cyan -1-----====t==::,,,,,-.=-+------l 

500 550 600 650 

WAVELENGTH (nm) 

700 

Forming 

loyer 

750 800 

Figure 15 -- 2443 Spectral Sensitivity 

850 900 
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Spectral Dye Density Curves 

l.5....----.-------r---,---,------r---,---,-------,----,--~,..._, 
Development: KODAK Proc.eu EA-5 Cnemicols 3"3 

0-~
50
L __ __j_

300
---

350
1----

400
L_ _ _____:::!~so=====500±=:::::::...._:::5sot:::=--~600:---------:-::--==--"7.::""--~,50 

WAVELENGTH (nm) 

Figure 16 2443 Spectral Dye Density 

The three layers of this film are sensitive to green, 
red and infrared radiation instead of the usual blue, green 
a nd r ed us e d f o r no rm a 1 r e n di t ion o f t h e v i s i b l e s p e c t r urn . 
This can readily be seen by comparing the spectral 
senstivity curves with those of type 2448 film. Tones vary 
with image saturation but generally speaking, abjects 
reflecting green appear blue, red abjects appear green and 
those abjects reflecting infr~red, such as chlorophyll in 
vegetation, appear as red. Hence the term "False Colour". 
This film is used extensively in the recording of vegetation 
caver to discern its extent and vigor. 

As water does not permit the penetration of infrared 
rays, it appears very dark on the image and the interface 
between land and water is readily discernible. This feature 
has also been used to advantage in the recording of ice 
formations. Surf ace "a lg ae blooms" are read i ly re corded on 
this film as pink swirls. Vegetation protruding above the 
surface of water is enhanced by its reddish-pink colour. 

6.B s2ecial Puœose Films 

The following film types are 
l i in i t ed g ua nt i t i e s f o r s p e ci a l 
requesting any of these types 

sometimes available in 
purpose missions. Before 
of film, the Principal 
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Investigator should check with CCRS Airborne Operations to 
ensure their availabi lity. 

These film types include: 

1. Kodak Tri-X Aerographic Film 2403 (estar base) 

2. Kodak Water Penetration Film SO-224 (estar base) 

3. Kodak High Definition Ektachrome Film SO-356 (estar 
base) 

4. Kodak Fine Grain Infrared Film FE-3215 (estar base) 

5. Kodak Multi-Spectral Infrared Film so-289 
base) 

(estar 

6. Kodak High Definition False Color Film so-127 
( e s ta r base ) 
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Filters available for each camera in the system are 
listed in Section 5 Sensors. Spectral transmission 
curves contained in this section are derived from data 
provided by the National Research Council and result from 
their tests on sample filters supplied by CCRS. 

Standard fi lters for the Vinten 7 0 mm cameras with 
black and white film are the matched ERTS band filters. 
(500-600 nm, 600-700 nm, 700-800 nm or 800-900 nm) Sorne of 
these filters rely on the spectral range of the film to 
provide the upper eut-off. For colour film the clear glass 
filter possibly with the addition of an HF-3 haze filter is 
standard. The minus blue (500 nm eut-off) fi lte~r is used 
for false colour infrared film. Wratten or CC colour 
correcting gelatin filters may be used in addition to or 
instead of the above glass filters. 

All filters for the metric cameras are "edge" filters. 
Below a certain wavelength little or no light passes through 
and beyonè this wavelength l.i.ght of all wavelengths passes 
virtually without loss. The number system used to describe 
these filters refers to the wave_length at which 50% of the 
incident light is transmitted. • The A.V. or antivignetting 
factor refers to the coating on the filter used to 
compensate for the fall off of illtunination at the edges of 
the picture. These filters can also be used in conjunction 
with gelatin CC colour correcting filters in a special 
holder between the lens and the focal plane. 

For the six inch metric camera with colour negative 
film, the 420 nm 2.0 AV filter is normally used. When this 
filter is not available the NAV (neutral antivignetting) 2.2 
A V fi 1 ter is us ed. 

When false colour infrared film is used with this lens, 
t h e 5 2 5 n m 2 . 0 A V f il ter _ i s no rm a 11 y us ed . I t ma y s omet i me s 
be replaced by the 500 nm 2.2 AV or the 540 nm 2.2 AV 
filter. 

For the super-wide (3.47 inch) lens with colour film, 
the NAV 3.0 AV filter is standard. With false colour 
infrared film, the 520 nm 3.3 AV or the 525 nm 3.0 AV filter 
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is used at low altitudes and the 545 nm 4.4 AV filter is 
used at high altitudes. 

Any of these filters rnay be used with black and white 
panchromatic film. The 705 nm 2.0 AV filter is most 
cornmonly used with black and white infrared film. 

Curves for standard gelatin filters available including 
the CC and HF series rnay be found in a publication titled 
"Kodak Filters for Scientific and Technical Uses". This 
item is available in most photographie stores at an 
approximate cost of $2.00 and is recornmended to the serious 
user of rernotely sensed data. It contains far more 
information on filters than could be published in this 
bulletin. A limited supply of the most widely used of these 
filters is kept on hand at CCRS Airborne Operations. 
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7.2 Vinten Clear Glass 
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F igure 17 -- Vinten Clear Glass Spectral Trans mission 
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7.3 Vinten Minus_Blue _Glass 

Approximately equivalent to Wratten 12 
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Figure 18 -- Vinten Minus Blue Spectral Transmission 
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7.4 Vinten 500-600 nm Glas~ 

Approximately equivalent to Wratten 58 or Wratten 12+44 
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7.5 Vinten_60_0-700 nrn Glass 

Approxirnately equivalent to Wratten 25 
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Figure 20 -- Vinten 600-700 nm Spectral Transmission 
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7.6 Vinten 700-800 nm Glass 

Approximately equivalent to Wratten 89B 
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Figure 21 -- Vinten 700-800 nm Spectral Transmission 



CCRS AI RBORNE _PROGRAM 

F ILTE RS 

7.7 Vinten_800-900 nm Glass 
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Figure 22 -- Vinten 800-900 nm Spectral Transmission 
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Gelatin filters may be used behind the lens in 
combination with these f ilters. 

001.1')0 0 
0 NN-.::t 0 
li') li') li') li') r--. 

"O"O"O"O '"Cl 

~ b r-1 r-1 r-1 r-1 r-1 
N •r-1 'r-1 •ri 'r-1 •r-1 z :?: :?: t3: :3 :3 

lOO% SL00 ____ 4.Jo_o _ _.:::::::::==s o:t:o========::=6 o~o:==:======~7~0~0-----;:s~o~o-----;;-;9 °0 

Wavelength (nm.) 

F igure 23 -- Wild Filter s 
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7.9 Kodak Gelatin Filters 
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7.10 Transmittance __ - Aircraft Camera Hatch - DC-3 
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Figure 25 -- DC-3 Camera Hatch Spectral Transmission 
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7.11 Transmittance - Aircraft Camera _ Hatch _ -_Falcon 
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Figure 2 6 Falcon Camera Hatch Spectral Transmission 
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7.12 Transmittance - Aircraft Camera Hatch_-_Convair 
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8.0 COST RECOVERY 

8.1 General 

Original planning of the airborne program included a 
requirement for the institution of a cost recovery program 
that would eventually make the system nearly self-supporting 
financially. Users have always been required to pay for 
reproductions requested but no charge was levied for flying 
o r ma te r i al ex pend e d in f 1 ig h t un t i 1 1 9 7 3. A f ir s t s tep 
towards cost recovery was taken in April 1973 with the 
institution of a $2.00 line mile charge to federal 
govern.,,1ent agencies. Secondly, effective July 1973, all 
users were required to pay for original film processing. 
Principal Investigators were invoiced by NAPL for film 
processing and reproduction and by CCRS (when applicable) 
f or 1 in e m i le ch a rg es . 

It was realized that dealing with two separate agencies 
(CCRS and · NAPL) was confusing to the users and led to 
serious delays in delivery of imagery and invoices. It was 
recognized that the introduction of a<lditional charges would 
compound problems already encountered and this led to a 
major policy change which was effective April 1974 and is 
suQmarized as follows: 

1. CCRS assumes responsibility for the execution of a 
task from the receipt of a Principal Investigator's 
su bm i s si o n t o the d el ive r y of or i g in a l ü1 age r y 
requested, including invoicing and accounts 
receivable. 

2. NAPRC will continue to process original ir:)agery and 
re_produce imagery as directed on the task sheet. 
These services will be performe<l ·un d er a dire c t 
contract with CCRS. 

3. CCRS retains sole responsibility for the reduction 
of data f rom magnetic tape to hard co py, the signal 
processing and enhancement (density slicing) of 
suc h data and the di r e c t s 11 pp l y of r e s u l t i ng 
i magery to the Principal Investigator. Secondary 
orders for duplicate negatives taken direc tly f r om 
the tape will be completed by CCRS. Pos i t i ves fro m 
existing original negatives {up to Ju l y 1975) are 
to be obtained from NAPL. Users will be invoi ced 
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by the applicable agency. 

4. NAPL retains its function as a repository of 
imagery for storage and the agency respons ible for 
fulfilling requests for secondary or on-going 
reproduction from stored photographie inagery. 
Users will be invoiced directly by NAPL for 
servi ces rend ered. 

8. 2.1 Li~Mil~ -

Charges by CCRS for flying each sensor line mi le are 
$18.50 for experienced users and $9.25 for first time users 
with a $100.00 minimum line mileage charge. An additional 
two line miles will be added for every line over one line to 
partially cover the cost of end turns. A sensor line mile 
is one nautical mile flown with sensors operating, 
regardless of the number of sensors in use. e.g. The same 
line mile charge will be levied whether one or six sensors 
are in operation. Mileage expended in transit to and from 
the test site is not subject t0 a charge. Line miles will 
be measured between sensor start-stop points drawn on the 
original flight maps as confirmed by the index map. These 
p o in t s , in th e c as e o f a r e a c ove r , w i l l no r ma l l y ex tend 
one-half the line spacing outside the boundary of the 
requestors target area. This extra coverage is designed to 
ensure full stereo coverage of the requestors area and to 
give the sensor operators some leeway in turning sensors on 
and off. No charge will be levied for lines shown on the 
index map as extending beyond the start-stop points or for 
cover not shown on the index map. Charges may be pro-rated 
on the performance of the primary sensor narned by the 
requestor. Every effort will be made to fairly evaluate the 
degree of success of each flight. Doubtful cases will be 
discussed with the reguestor prior to invoicing action being 
ta ken. 
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8.2.2 Material E~ended -

Film and magnetic tape expended during the flight are 
provided by CCRS. Users will be invoiced at current prices 
for esti.mated footages used. If a full roll is expended, 
charges will reflect the roll price. Between twenty and 
thirty feet of film are utilized for leader, trailer and 
mandatory blanks between exposures for each roll or part 
roll expended. See Appendix "F" for a brief description of 
the procedures used in estimating the cost of a flight. 

8.2.3 Processinq _Or~inal Image!:_Y -

NAPRC will process all original photographie imagery 
and invoice CCRS for services rendered. CCRS will invoice 
users for this amount. CCRS will reduce taped data to hard 
copy and invoice users for material expende<l. 

8. 2. 4 Re E.f:Od uct iQ!l -

NAPRC will produce all reproductions requested on the 
original task sheet and invoice CCRS accordingly. CCRS will 
invoice users to recover these funds. 

CCRS will invoice users for all charges applicable to 
each flight. These charges are estimated prior to the 
flight and are listed on the reverse side of the task sheet. 
The invoice will be for an amount equal to or less than the 
estimated amount unless the Principal Investigator has 
requested subsequent changes or additions to his project. 
The cost estimate will be based on the following price 
structure: 

1 . F u 11 c o s t r e c ov e ry f o r ma ter i a l exp end ed in 
photography, processing and reproduction including 
cost of magne tic tape. 
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2. $18.50 per line mile for all experienced users. 

3 • $ 9 • 2 5 p e r li ne mi le for al l f i r s t t im e use r s. 

4. 100.00 minimum line mileage charge. 

5. An additional two line miles for every line over 
one line to partially cover the cost of end turns. 

6. No transit charges to and from target areas. 

Invoices will contain the following itemized information: 

1. Users purchase order or file number 

2. Task number and flight date 

3. Total agreed charges as per task sheet 

4. Any ad jus tme nts 

5. Net charge 

8.3 User's Calculations 

On the back of each task sheet, requestors will be 
provided with a written cost estimate for their particular 
task prier to the actual operation. To assist investigators 
in the ca lculation of possible costs of photographie 
coverage for any task prier to the submission of a flight 
request, scale and coverage tables have been attached as 
Appendix 11 B 11

• 

Exposures required to complete any task may be 
calculated and applied to film costs contained in Section 6; 
processing and reproduction charges provided in Appendix 
"A". Ten percent should be added to all totals obtained to 
caver leader and trailer on each roll or part roll of film 
expended. Exposures normally obtained per roll of film are 
as fol lo ws: 
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1. Black and white 9 inch X 250 feet -- 280 exposures 

2. Colour 9 inch X 200 feet 2 25 exposures 

3. Black and white 70 mm X 150 feet -- 700 exposures 

4. Colour 70 mm X 100 feet -- 460 exposures 

8.4 Fiscal Year 1977/78 

Prices for expendable items may increase somewhat due 
to increased material costs. Note that the price of film 
increased thirty percent during 1974/75. Material costs 
will vary with the types of sensors used and the product 
requested. i.e. Original recording costs for the completed 
ADAS system using 14 channels on the Mincom recorder will 
only double those incurred at present when 4 channels are 
used. Sorne costs will be incurred in the reduction of data 
to usable form but these cannot be predicted at this time. 

Although a firm price schedule has net yet been set for 
the 1977/78 fiscal year, the fol lowing structure is 
p rebab le: 

1. Full cost 
pho tog raphy, 
in e f fe et. 

recovery for material expended in 
processing and reproduction as is now 

2. $18.50 per line mile for all experienced users. 

3. $9.-25 per line mile for first time users. 

4. $100.00 minimum line mileage charge. 

5. An additional two line miles for every line over 
one line to cover the cost of end turns. 

6. No transit charges to and from target areas. 
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9.0 VISUAL_LIBRARY 

9.1 General 
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The Canada Centre for Remote Sensing received 
approximately 120 requests per year to perform remote 
sensing flights covering a wide range of studies within many 
disciplines. Some requestors were aware of projects similar 
to their own and were fully cognizant of data that could be 
o bta ined by u til i zing var ious types of se nso rs on an 
a irborne platform. However many were totally unfami liar 
with the remote sensing concept in general, or in 
particular, as it applied to their problem. In this 
instance the CCRS Airborne Operations Section provided all 
possible assistance in answering questions pertaining to 
previous projects, recommended sensors, film/filter 
combinations, spectral bahds, scale, reproduction, etc. 

To ensure that all possible information is immediately 
available, the Airborne Operations Section has initiated a 
computer based data retrieval syst~n. The computer program 
is derived from statistics maintained on each project flown 
since the inception of the airhorne program, and is capable 
of providing the technical d~tails of each flight carried 
out. Programming permits group retrieval under such 
headings as discipline, sensor system, geographical 
location, etc. Although this system provides technical 
details, it cannot, with a few exceptions, provide 
information regarding the success or failure of a mission in 
achieving the aim of the requestor. 

9.3 Visual Lihrary 

It has been necessary therefore to create a visual 
library that contains sample imagery obtained -On each 
p~oject. Holdings are segregated by discipline and further 
subdivided into specific areas within each discipline. i.e. 
Ag r i c u 1 tu r e: ( a ) S o i l Mois t ur e; ( b ) La nd Use ; ( c ) C r op 
Disease; (d) Crop Damage; etc. Files include a short 
resume of the project with comments and recommendations of 
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the Principal Investigator. Interim and final reports are 
i ncl uded in the fi le on receipt. This system, when cross 
reference<l to the computer program, provides maximum 
assistance to users and potential users of remotely sensed 
imagery in that it reflects the views of "actual users" in 
the field rather than the purely technical and/or 
theoretical views of CCRS staff. 

During our five years of operation we have received 
some very excellent reports from Principal Investigators and 
these have been utilized extensively to further the 
knowledge of remote sensing techniques within the scientific 
community in Canada. Unfortunately the reports represent 
returns from less than ten percent of our users. You will 
understand our concern therefore, with the retrieval of 
information re la ting to cur ren t pro jects. 

Each investigator can provide useful information for 
inclusion in the "Visual Library Data Bank" system. 
Convenient reporting forms are mailed to each user 
approximately three months after imagery is delivered. 
Prompt completion and return to CCRS Airborne Operations 
Section ensures that a report summary is available on each 
project. This return does not preclude the requirement for 
the submission of interim or final reports on results 
obtained. Please note that except for the coinpletion of 
preliminary forrns, we are not asking for a report prepared 
especially for CCRS. Copies of internal or published 
reports are quite adequate for the intended purpose. 
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1 0. 0 A LOOK TO THE F U'l' URE 

Under the sta ted terrns of reference, one of the ma in 
objectives of CCRS is to remain current with the latest 
d evel opn ent s in remo te sen si ng techniques and to sponsor, 
procure and evaluate new sensing devices that will meet the 
specialized requirements of investigators. CCRS has funded 
the development of a number of sensing devices and has 
purchased and modified others to produce high quality 
results. The following pages describe some of those sensing 
devices now either available or in the specification stage. 
The present status of each sensor is stated. 

1 O . 1 . 1 Mi cr ow av e S ca t te rom e te r _ _l R YJ! n M od el 7 2 0) 

Description: Me a sures absolute radar backscattering 
coefficient of terrain as a function of look angle from 
nadir 

Spectral Characteristics: 
wa vel eng th) 

Operates at 13.3 GHz {2.25 cm. 

Absolute Accuracy: Limited by errors in the knowledge of 
the antenna two way gain patterns. The absolute 
accuracy of the scattering coefficients for 
horizontally polarized transmitted and received 
radiation is approximately plus or minus 1 db. 
Somewhat higher errors exist for the other polarization 
combinations, and values of plus or minus 3 db. are 
possible for the larger (50 60 degree) incident 
angles. Relative accuracy {typically plus or minus 0.5 
db) depends on the desired ground resolution. 

Data Output: Two channel analog recording (like and cross 
polar i z ed returns). Non real time digital and analog 
processing is possible to obtain scatte ring 
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coefficients as a function of angle. 

Antenna: Fan beam 60 degree fore and aft of plane along 
track, 3 degree beam width across track. Either 
horizontally or vertically polarized signals can be 
transmitted while both horizontally and vertically 
polarized received signals are recorded simultaneously. 

Status: Under evaluation in sea-i ce and sea-s tate 
ex per imen t s 

10.1.2 Pulsed Laser Fluorosensor 

Description: This is an active day and night profiling 
device for identifying and mapping the distribution and 
concentration of oil spil ls, water pollution, 
chlorophyll, algae, and tracer dyes. The system is 
also designed to classify different types of oils. 
Further applications will be developed which may be of 
interest to geological, agricultural and silvicultural 
users. The sensor is potentially able to classify or 
identify plant specles, soil types, rock outcrops, tree 
types and plant stress. The sensor may also be of use 
in rnapping the effectiveness of spraying operations or 
locating fish schools. The sensor operates by exciting 
and detecting the characteristic fluorescence emmision 
from substances on the surface of the land or water. 

Source: Pulsed nitrogen laser 
Peak pulse power - 1 MW 
Pulse width - 4 ns. 
Repetition rate - 100 Hz 
Wa ve le ngt h - 3 3 7 n m 
Divergence - 1 X 3 rnrad. full angle (across x a long 

tr ack) 

Detector: 20 cm telescope with s pect rome ter, 
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photomu l t ipl ier s 
unpolarized. 

and 

Physical Parameters Measured: 

photodiodes. 

Fluorescence emmision spectrum: 

Receiver 

16 channels ( 20 nm/channel nominal width). 
1st centred a 380 nm (water raman band). 

is 

16th centered at 680 nm (chlorophyll fluorescence 
band). 

Fluorescence l ifetime: 
2 channels user selected. 
Standard configuration: 

390 - 450 nm "blue lifetime" 
450 - 690 nm "red lifetime" 

Absolute fluorescence intensity. 
Lidar or radar altitude of aircraft. 

Operating Conditions: 
Day or night under conditions of clear visibility. 
System limited by fog. 
Profi ling sensor -- foot print directly under aircraft. 
Altitude less than 2000 ft. above terrain. 

Data Output: Real time display of spectral data on 
television monitor, rolling strip chart of a selected 
channel, emission spectrum, and alphanurneric data. 
Limited real time signal averaging plus in-air play 
back of data. Data rec o rded on 9 track CCT (NASA-JSC 
non imagery standard format). 

CCT con tains: 
time (internal to sensor) 
16 spectral channels 
2 lifetime channels 
laser power 
receiver gain 
lidar/radar altitude 
2 navigation parameters selected from ARINC bus 

Data also recorded on MUX track of ADAS. 
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Sensor interfaces to: 
A RI NC bus (n av igat ion pa rame te rs) . 
Radar a ltimete.r (altitude and receiver 
triggering information) 
ADAS MUX track (output and correlation with 
other parameters) 
Tlme Code Generator -- Synchronizing pulses 
Video tape recorder (records real time display) 
9 track CCT -- stand alone output and replay 
ability 

Status: Single engineering prototype to begin flight tests 
Jan. 1977. System will be ready for joint experiments 
Spring 1977. 

NOTE 

The laser fluorosensor 
referred to in earlier 
versions of this Information 
Bulletin will no longer be 
available as the newer 
instrument represents a 
cons i de ra b le im pro v em en t . 

Sorne leading specifications of the old instrument were: 
Laser peak power -- lOO k H 
Pulse width -- 10 ns. 
Divergence -- 4 x 14 mrad. (across x along track) 
Telescope field of vj_ew -- 14 inrac.1. 
Dete c to rs - - 2 c han n el s, pho tom u l t ipl ier tube wi th 

filters 
Operation conditions -- night time only 
Output -- Oscilloscope, chart r eco r de r s , MUX t r a c k of 

ADAS 

The other parameters are s imi lar. 
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1 0 . 1 . 3 CW Las e r F l uo r os e ns or 

Description: 'l'his is an active nighttirne profiling device 
for rnapping distribution, identification and 
concentration monitoring of oil spills, water 
pollution, chlorophyll, algae and tracer dyes. It 
operates by exciting and detecting characteristic 
fluorescence ernission frorn the target substances. 
Because of the wavelength useù, this sensor should be 
particularly effective at mapping the fluorescence of 
chlorophyll. The system can be modified with relative 
ease to make active reflectance and depolarazation 
measurements at the laser wavelengths. Additional 
lasers may be incorporated. It is potentially feasible 
to combine this system · with the Mediwn Resolution 
Spectrometer so that fluorescence spectra can be 
obtained. 

NO'fE 

The principle on which the 
operation of this fluorosensor 
depends was developed at the 
Inland Waters Directorate of 
Fisher ies 
Canada. 

Source: CW HeCd Laser 
Average Power -- 20 mW 

and Environrnent 

Wavelength -- 442 nm (325 nm also available) 
Be am d i v erg e ne e - - < 1 m rad . 
Modulation frequency -- 550 Hz 

Detector: telescope -- filter -- photornultiplier 
Photomultiplier may be selected depending on 

application. 
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Single spectral channel 
Standard fi 1 ter set: 

h ig h pa ss cu t-o n a t 4 6 5 nm 
-- interference filters centered at 400, 440, 520, 

54 0, 6 00, 6 80 nm ( 10 nm bandwidth) 
Receiver is unpolarize<l in standard configuration. 

Physical Parameters Measured: Fluoresence emission of 
target, spectral discrimination with selected 
interference filters. 

Operating Conditions: 
Nighttime operation under conditions of clear 

V i s ib i 1 i t y . 
System limited by fog and haze. 
Profiling sensor, footprint directly under aircraft. 
Laser beam visible in Low Light Level Television image. 
Altitude less than 1000 ft. above terrain. 

Da ta Ou t pu t : 
Amplitude of fluorescence return in selected 

channel. 
Laser power. 
MUX track ADAS (preferred) may be superimposed on Low 

Light Level Television image. 

Status: Single unit being prepared for 
use in standard configuration. 
user ex pe r iments during 19 77. 

limited production 
To be available for 

10.1.4 Lidar Batl}_ymeter (Laser_liY.drogra12hY_ PrQ_jectl 

Description: This is an active device for measuring water 
depths from an airborne platform. It is for use over 
relatively clear and/or shallow bodies of water such as 
lakes, rivers and coastal areas. It operates by 
sending a light pulse to the water's surfa c e. Th i s 
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light pulse is reflected off the air/water interface 
and scattered from the lake bottorn back to the receiver 
in the aircraft. The depth is obtained by measuring 
the time interval between the arrival of the light 
pulses returning from the top and bottom surface of the 
water. The sensor may also find application to the 
measurement of turbidity, sharp density changes in the 
water and increased density of particles in the water 
such as may be trapped by the thermoclyne. 

Source: Pulsed frequency-doubled Nd-YAG laser. 
Peak pulse power -- 9 MW 
Pulse width -- 8 ns 
Repetition rate -- 10 Hz 
Wavelength 530 nm 
Di verge ne e - - variable -- 4- 4 0 mrad. 

Detector: Telescope and gated photornultiplier with field of 
view corresponding to that of laser. 

Physical Parameters Measured: 
Water depth; back scatter as a function of depth. 
Resolution -- better than 0.3 min depth 
Minimum depth -- less than 1 meter 
Maximum depth to be 6 attenuation lengths for 

wavelength used (530 nrn). This corresponds to 
approximately 10 meters in relatively turbid waters 
and greater than 30 meters in clear ocean water. 

Operating Conditions: 
Day or night under conditions of relatively clear 

visibility. 
System limited by fog. 
Altitude less than 8000 ft. above terrain/water. 

Da ta Out pu t : 
Lidar returns stored on 9-track CCT in a format similar 

to the NASA-JSC non-irnagery standard. 
Laser power, lidar altitude and other system parameters 

stored on MUX track of ADAS. 
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Status: Single 2nd _generation unit presently under active 
development. Preliminary flight trials to begin 
mid-summer 1977. Joint tests of lidar hydrography and 
photo hyd rog raphy systems to beg in fa 11 19 77. 

NOTE 

A previous version of the 
1 ida r ba thymeter re fer red to 
in earlier versions of this 
Information Bulletin will no 
longer be available as the 
newer instrument will provide 
considerable improvement in 
ove ra 11 system per forma ne e. 

Some leading specifications of the old instrument were: 
Pu 1 s ed ne on la s er 

Peak pulse power -- 20 kW 
Pulse width -- 3 ns. 
Re pet i t io n r a t e - - 10 0 H z 
Wavelength -- 540 nm 
System divergence -- 4 x 14 mraù. (along x across 

track) 
Detector -- single photomultiplier 

With the exception of the data acquisition system, the other 
specifications were similar. 

10. 1. 5 Li near De te cto r _ Ar~_~ectromete r 

Developed by University of British Columbia 
Department of Fisheries and Environrnent, 
British Columbia 

and the 
Pat Bay, 
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Des cr ipt ion: The spectrometer cons ists of an array of 25 6 
diodes which are sirnultaneously illuminated by light 
dispersed by a grating. A manual arrangement enables 
viewing an opal aircraft ceiling sky-port, dark current 
or reflected radiance. 

Spectral Characteristics: Norma lly 400 to ·soo nm 
(approximately 1.6 nm per diode) but could be a 400 nm 
band within 400-1100 nm. 

Temporal Characteristics: The diode array is scanned in 0.1 
seconds after an adjustable time exposure from 0.5 to 4 
seconds. 

Spatial Characteristics: 1 by 10 mrad. 

Sensitivity: Of silicon diodes -- 400 nm to 1100 nm. 

Data Output: Repeating sequence of 256 sampled voltage 
levels digitized and recorded on CCT transport. 

Physical Parameters Measured: Visible and infrared 
upwelling and downwelling radiation at the aircraft. 

Status: Under testing and evaluation. 

10.l.6 MPPH Four Barrel Photometer 

Mil ler-Piea u Photometer (MPPH), 
Un i v ers i t y. 

Description: 4-barre 1 pho tome ter; 
an interference filter, lens 

developed York 

each barrel consists of 
and si 1 icon pho tod iode 
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de tee tor. The filters are readily changeable. 

Spectral Characteristics: Pass-band of each interference 
filter may be selected between 300 nm and 800 nm. 
Spectral resolution is determined by the filter 
selected. Each barrel time-shares between viewing the 
upwelling scene energy and the downwelling energy from 
an opal screen skylight in the aircraft ceiling. 

Spatial Characteristics: Variable 10, 20, 50 and 100 mrad. 

Temporal Characteristics: Thumbwheel selectable scene and 
solar reference viewing times, typically 20 seconds 
scene, 2 seconds solar. 

Filters Available: 

Central Wa vel eng th {nm) 
445 
4 60 
526 
5 66 
581 
687 
710 
750 
982 

Bandwidt~ {nrn) 
11 
10 
11 
11 
10 
11 
10 
10 
125 

A set of 4 Lansat compatible spectral filters 

Detectors: Silicon photodiodes for each channel. 

Da ta Output: 
Analog ( 0-5 volts) from each barrel plus ana log gain 

factor. 
Digital recording on magnetic tape via ADAS. 

St a tus: Semi-operational. 
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10.1.7 Mult_i.s12ectral Line _Scanner _(MSil 

Description: A multichannel optical mechanical line scan 
spectrometer that records energy reflected or emitted 
from the Earth's surface. 

Internal Design Features: 
Field of v iew 9 0 d eg ree s 
Roll stabilized 
Ca libration: 

2 thermal black bodies (hot and cold) 
1 dark reference 
1 UV/visible calibration lamp 

Channels: Any two of A, B, C 
Dectector (A) - cooled mercury cadmium telluride - 8-14 

um 
Detector (B) - cooled indium antimonide - 3-5 um 
Detector (C) - 10 channel prism polychrometer - silicon 

photodiodes from 400-1100 nm 
Also includes Landsat bands synthesized from (C), and 

s-b end cor rection. 

Spatial Resolution: 2. 5 mrad. 

Temporal Characteristics: 100 (non-preferred), 50, 
12.5 scans per second (selectable). 

2 5, or 

Data Output: Digitally recorded on wideband magnetic tape 
recorder. 

Physical Parameters Measured : Infrare<l radiation emitted 
from the earth's surface; solar radiation reflected 
fr om th e e a r t h ' s surf a ce. 
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Status: Under evaluation at CCRS. 

10. 1. 8 Mult _i-detector Electro ORtical __ Imag_i!19_ê_y__stem (MEISl 

Description: This prototype unit consists of two 512 
element linear photodiode arrays at the focal plane of 
two lenses. Spatial scanning is achieved in a 
pushbroom fashion as the sensor is moved forward by the 
aircraft platform. 

Spectral Characteristics: The imager has the spectral 
response of silicon photodiodes (0.38 to 1.1 um). 
Spectral isolation filters are easily inserted into the 
sensor field of view. 

Temporal Characteristics: Reaùout times selectable from 
1 2 . 5 , 2 5 , 5 0 a n d 1 0 0 s c a n s / s e c o nd . 

Spatial Characteristics: 
inst antane ous F OV). 

28 degree swath (1 mrad. 

Sensitivity: Depends on spectral filter and scan speed 
selected. 

Data Output: Mates with the Multi-Spectral Scanner (MSS) 
and reads out in the same digital format as the MSS. 

Physical Pararneters Measured: 
scattered radiance. 

Upwelling reflected 

Status: Under test and evaluation. 

and 
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10.1.9 Gas_Çorrelative Cell _ Spectrometer_(GasQec) 

Description: This sensor operates as a passive infrared 
non-ù is pers ive gas analyser, in which the incoming 
radiation is differentially passed through (and 
correlated with) agas cell containing a sample of the 
target gas to be detected. 

Parameter Measured: Integrated path length burden of trace 
atmospheric gas. 

Spectral Characteristics: 
4.6 +/- .05 um for CO 

Temporal Characteristics: Two detectors perform an 
effective "doub le-b eaming" mea surement. The output is 
normally filtered with a one second integration. 

Spatial Characteristics: 20 mrad diameter field of view. 

Sensitiv ity: 3 ppm-meters CO at 
against a cold backgrounù 
decreases as the gas and 
approach equality. 

300 K gas 
tempera ture. 
bac kg round 

tempera ture 
Se ns i t i v i t y 

tempera tures 

nata Output: Analog (0-5 volts) from (a) differential cell 
transmission; (b) radiometric single cell signal. 

Status: Under test and evaluation. 

10.1.10 Low Light Level Telev~sion 

COHU moèe 1 2 8 56 



CCRS AI RBORNE __ PROGRAM Page 105 
A LOOK TO THE FUTURE 

Description: 
vidicon 
(ISIT), 
night. 

A TV camera employing a silicon intensified 
tube with separate front end image intensifier 

capable of Dnaging low light level targets at 

NOTE 

The camera has a number of 
limitations which should be 
considered before undertaking 
a project with this sensor. 
The camera is unable to 
r es pond to the l ight level 
typical of those obtained from 
a starlit or overcast night 
sky. It does, however, 
provide goo<l television images 
in twi light and moonl ight. A 
second point of which the 
potential user sh-0uld be aware 
is that bright spots in an 
otherwise dark image tend to 
bloom. For example, the 
lights of a farmhouse 
surrounded by fields will tend 
to show upas a large white 
mass, actually obscuring all 
d e ta i l of the fa r my a rd . 
Another example may be seen 
when cars on an unlit highway 
become white blobs moving down 
the road. This effect is more 
pronounced the lower the 
arnb lent illumination. 

Internal Design Features: 
Le n s - 5 • 7 mm , f 1 . 8 
Field of view - 96 degrees X 72 degrees 
Extended dynarnic range from combination of AGC, 

automatic iris control and automatic neutral density 
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filter wheel 

Spectral Characteristics: Dependent on filters employed. 
(Sensitive without filters from near UV to near IR) 

Filters: 
UV blocking - eut-on 370 nm 
UV b l oc king - c u t-o n 3 8 9 n m 
Uv bandpass - centred 330 nm 
Blue bandpass - centred 460 nm 
B 1 ue ba ndpass - c entred 4 7 0 nm 

Data Output: 
v ideo. 
recorder) 

Standard NTSC compatible 
(Can be recorded on 

Status: Opera tional 

Avail able: One 

1 0 . 2 §_y_§_ t em s 

TV mixecl sync 
standard video 

and 
tape 

If new sensing devices are to be introduced into the 
Airborne Program it is necessary to obtain or design systems 
that will ensure their most efficient operation. Systems 
currently in being or proposed are described in the 
following pages. Present status is stated. 

10. 2. 1 Airborne_ Da ta Acquisition ~tem_(ADASl. 

Description 

ADAS is a mini-computer based airborne data acquisition 
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system which is used to gather data from a wide variety of 
low-speed and high-speed sensors and record this data 
digitally on a 14 track Mincom tape recorder. One track is 
used for each of: reference, time code and multiplex track 
data (MTD). Line scanner datais digitized and recorded on 
as many tracks as are required, typica lly two. The 
remaining tracks can be used for conventional analog or 
èigital recording as required. The system is operated using 
a keyboard and video display, and provides extensive 
in-flight checks of recorded data. 

Multiplex Track Data (MTD) Recording 

The multiplex track contains data from a time code 
g en e ra t or , u p t o 3 2 1 o w s p e ed s en s or s , a nd an L T N- 5 l 
inertial navigation system. This datais routed through the 
AD AS comput e r, a nd i s r e cor d ed in " f rames " o f 1 5 0 - l 6 - b i t 
words at a rate of 100 frames per second. Eac h frane 
includes the time to l ms. A multiple of two 16-bit words 
(e.g. 2 or 4 words) are recorded from each low speed sensor 
in each frame. The following low spee d sensors are 
currently interfaced to the system: RC-10 camera, PRT-5 
Precision Radiation Thermometer, Garrett AF'fS-23 Digital 
Pressure Monitor, GS N-500 VLF navigation system, Marconi 
Doppler MC712, MSS-Hystogram, Barringer Laser Fluorosensor, 
Honeywell Radar Altimeter and 3AD8 triple A/D converter 
unit. The navigation data from the LTN-51 includes 
longitude, latitude, heading, groundspeed, track angle, X 
and Y velocities, direction cosines and re~ainder terms, 
high accuracy roll, pitch and aximuth, and vertical 
quantizer. The navigation data is updated every 50 r.1s 
(except longitude, latitude, heading, groundspeed and track 
angle which are updated about once per second). The 
direction cosines can be later processed on a computer to 
obtain high accuracy position information. The MTD frames 
also contain camera firing information each time an RC-10 
camera takes a picture. A special "trailer" t'lTD frame at 
the end of each flight line contains a cumulative index of 
all the fli ght lines on the roll of tape. 

S ta tus 
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An ADAS system is presently installed in the Convair 
580 and the DC3 C-GRSA. These two systems are available for 
the recording of digital data from a complement of sensors 
and navigation equipment. 

10. 2. 2 Ground Recovery and Monitor i!}g _ _ê_ystem ( GRAMS) -

Description 

GRAMS is a mini-computer based playback system for 
"quicklook" recovery of data recorde~ on Mincom magnetic 
tape using the ADAS system. Data is played back directly 
from the Mincom tape, and outputs are available. on a chart 
recorder, an alphanumeric printer and a film printer. 

The following products are available: 

Trailer Printout 

This is a one-page list of ·the flight lines that were 
recorded on a roll of magnetic tape, giving flight line 
number , start time, enà time and ending status. 

Camera Firings Printout 

This is a printout of all the camera firings 
between operator-specified times. The list includes 
roll number, time, latitude, longitude, track 
azimuth , pitch, roll and altitude. 

Navigati on Data Printout 

(RC-10) 
camera 
angle, 

This is a list of the 30-odd LTN-51 parameters recorded 
by ADAS, givin9 values every n seconds. The parameters 
include longituàe, latitude, heading, groundspeed , track 
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angle, X and Y velocities, direction cosines and remainder 
terms, roll, pitch and azimuth. 

Raw Hexadecimal Frame Printout 

This is a fundamental printout of the data 
the "frames" of .MTD data recorded by ADAS. 
printed in hexadecimal, with no conversion 
format ting. 

Chart Recorder Tracing 

stored in 
The data is 
or spec ial 

This is a 2-pen chart recorder tracing of any two 
parameters from the MTD data recorded by ADAS. The data can 
be from sensors, e.g. PRT-5 temperature, or frorn the LTN-51 
navigation syste~, e.g. roll angle. 

Line Scanner Film Image 

This is a strip film of line scanner àata using 
inforr.1ation which was recorded via the one-channel digital 
recording feature (WADAB) of ADAS. Each film begins with a 
header which contains an 11-step grey scale and annotation 
of flight line number, date flown, and certain setup 
pararaeters. The header is followed by the line scanner 
image , which contains: (1) timing marks at 5-second 
intervals; (2) periodic annotation of time, latitude, 
longitude, heading, groundspeed and altitude; and (3) 
optionally two superimposed tracings identical to the chart 
recorder tracings described above. The thermal data may be 
transformed by a lookup table to produce density slicing, 
temperature expansion, contouring, etc. 

Statu s 

GRAMS is currently used primarily for developmental 
work and checking data tapes from ADAS, playback of data in 
support of sensor development and - quicklook for specialize<l 
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projects. 

10. 2. 3 Inertlal Navigation ~tem_ (INS) -

Description: The LTN-51 is a self contained navigation 
system which operates by sensing aircraft accelerations 
wi th a gy ro-s tab i liz ed plat for m. The system conforms 
to the ARI~C 561 specifications. 

Interna! Modifications: High resolution resolvers with 
first order accuracy of 30 seconds of arc . for pitch, 
roll and azimuth. Vertical quantizer to quantize 
outputs from vertical accelerorneter. 

Accuracy: Up to 2 km per hr drift in latitude and longitude 
va lues 

Re liab i lit y: MTBF > l 00 0 hou r s 

Data Output to ADAS (through INS - ADAS Interface}: 
roll, azirnuth from high resolution resolvers. 

Pitch, 
Vertical 

acceleration from vertical quantizer. 25 selectable 
pararneters. e.g. direction cosines, horizontal 
veloc i ty, etc. 

Status: Each of the four CCRS aircraft is configured to 
accept an I NS and three systems are available. 

10.2.4 VLF NAVIGATION SYSTEM ---------------

Description: VLF is a long-range, very low fre q uency 
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hyperbolic navigation system which intime will provide 
global fixing coverage from eight transmitters. Sorne 
systems are similar in design to the ARINC 561 
specif ica tian. 

Spectral Characteristics: 
11 . 1 a nd l 3 . 6 KH z 

Transmit ter frequencies: 10. 2, 

Absolute Accuracy: 1.5 to 3 kilometers when appropriate 
corrections applied . 

Range: .l O, 0 0 0 t o 1 5, 0 0 0 km 

Reliability: 1000 to 1500 hours MTBF 

Data Output: From airborne receiver 
Synchro/digital - co~nand track 

- command heading 
- bearing to destination 

DC voltage/digital - crosstrack deviation 
- to/from indication 
- groundspeed 
- distance to go 
- present position 
- estimated time en-route 

Status: The DC3 C-GRSA and the Convair 580 are configured 
to accept the VLF system and one system is available. 

10. 2. 5 Do.EE.ler Navi_~tion S~em -

Description: Marconi Doppler CMA 712 is an active self 
contained navigation system. It uses beam intersection 
techniques in order to measure continuously the ground 
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speed and drift angle. Using this data with heading 
information frorn the cor.1pass system or frorn the INS the 
navigation computer provides position information in 
digital or analogue form. Roll anà pitch are 
controlled by INS signals. 

Performance Data: 
Sensor Range - 40 - 50,000 feet 
Ground Speed Range - 100 - 999 knots 
Accuracy - 0.14 percent {one signal) 
Drift Angle Range - 20 degrees 
Accuracy - 0.20 percent (one signal) 
Automatic acquisition within 30 seconds 

Data Output: Ground speed and drift angle in digital format 
continuously recorded by ADAS 

Status: The DC3 C-GRSA and the Convair 580 are configured 
to accept the Doppler Navigation System and one system 
i s a va ilable. 
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APPENDIX A 

N APL PRI CE LI S'l' ------------

DISTRIBUTION POLICY --------------

DISTRIBlITION POUCY I OR AERIAL PHOTOGRAPHIC PRODUC rs 

1. All orders must be fully prepaid, except in the case of customers having 
an active account. Cheques and money orders must be made payable to the 
Receiver General For Canada. 

2. Terms of p~yment for all accounts: 

NET 30 DAYS 

3. All orders will be subject to a $2.00 handling charge. 

4. Shipments having a package weight of 25 lbs or less and valued at less 
than $200.Q() will normally be by parcel post; having a package weight 
of more than 25 lbs and/or valued at $200.00 or more will normally be 
by rail ~xpress. Shipmen ts made by other means of transportation at the 
customer's request will be so at the customër's expense, usually on a 
collect basis. 

5, No discounts shall be granted to any customer. 

6. In the event cf an overpayment of $1.00 or more, the arnount of the 
overpaynent shall be returned to the cuf,tomer, by postal rnoney order \vh en 
the arnount do es not exceed $4.99 and by the Receiver General for $5.00 
or more. Overpaynents of less than $1.00 will not be refunded unless the 
customer so requests. 



NAPL PRICE LIST 

ITEM DESCRIPTION 

Contact Print (up to 10") 

2701 Black and White 
2702 B&W Hand Process 
2703 B&W Tone Hatched 
2801 Colour (Negative Original) 
2802 Colour (Positive Original) 

Contact Transparency (Up to 10") 

3101 Black and White 
3102 Colour (Negative 0 r iginal) 
3103 Colour (Positive 0 r iginal) 

Continuous Contact Print~r.g 

(Minimum charge - 25 fect) 

9 1/2" Black and White 
Colour (Negative Original) 
Colour (Positive Original) 
70 mm Black and White 

3108 
3104 
3106 
3201 
3202 
3203 

70 mm Colour (Negative Original) 
70 mm Colour (Positive Original) 

Continuous Contact Transoarency 

(Minimum charge - 25 feet) 

9 1/2" Black and White 
Colour (Negative Original) 
Co lour (Positive Original) 
70 mm Black and White 

3109 
3105 
3107 
3204 
3205 
3206 

70 mm Colour (Negative Original) 
70 mm Colour (Positive Original) 

~nlargement (Paper Prints) 

2901 Black and White 10 X 10" 
2902 Black and White 15 X 15" 
2903 Black and White 20 X 20" 
2904 Black and White 30 X 30" 
2905 Black and White 40 X 40" 
2906 Black and White 40 X .60" 
3001 Colour (Negative Original) 10 X 

3002 Colour (Negative Original) 15 X 

10" 
15" 
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PRICE 

ea. $1.40 
1.75 
5.00 
3.00 
3.50 

ea. $2 .50 
5.50 
6.00 

per foot $0. 75 
1.25 
1.50 
0.50 
0.75 
1.00 

per foot $1.00 
4.00 
2.25 
1.00 
1.70 
1.40 

ea. $5.50 
6.75 
7.75 

11.00 
13.00 
16.00 
19.50 
22.so 



NAPL PRICE LIST - -- ···-- --

A.3 PRICE LIST (CONT.) 

ITEM DESCRIPTION 

Enlargement (Paper Prints Co nt' d.) 

3003 
3004 
3005 
3011 
3012 
3013 

Colour (Negative Original) 20 x 20" 
Colou r (Nega tive Original) 30 x 30" 
Colour (Negative Original) 40 x 40" 
Co lou r (Positive Original) 10 x 10" 
Colour (Positive Original) 15 x 15" 
Co 1 o ur (Positive Original) 20 x 20" 

Enlargement ( Film Transparencies) 

3501 
3502 
3503 
3504 
3505 
3506 
3507 
3508 

Black and White 10 x 10" 
Black and White 15 x 15" 
Black and White 20 x 20" 
Bla c k and White 30 x 30". 
Black and White 40 x 40" 
Black and White 40 x 60" 
Co 1 o ur (Negative Original) 10 xlO" 
Colour (Positive Original) 10 x 10" 

Ccntir.uouz Enl.:1!'.'ôcmcnts, 70 !:'.!!I to 10 x 10" 

2910 
3006 
3014 
3509 
3510 
3511 

(Complete Frame) 

Black and White Print 
Co lour Print (Negative Original) 
Colour Print (Positive Original) 
Black and White Transparency 
Colour Transparency (Negative Original) 
Colour Transparency (Positive Original) 

Photogrammetric D i apositives 

3402 64 mm X .09 Glass 
3403 110 mm X .11 Glass 
3404 110 mm X .25 Glass 
3406 9 1/2" X .06 Glass 
3407 9 1/ 2 11 

X .11 Glass 
3408 9 1/ 2 11 

X .25 Glass 
3409 9 1/ 2" Film 
3410 Corrections 

Film Processing (Minimum charge - 25 f eet) 

3301 
3302 
3303 

Black and White up to 9 1/2" 
Colour Negative up to 9 1/2" 
Colou r Positive up to 9 1/2" 
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PRICE 

ea. $25. 00 
40.00 
50.00 
28.00 
32.00 
35.00 

ea. 

ea. 

$ 7.75 
9.00 

10.00 
16.00 
20.00 
25.00 
22.51) 
22.50 

$ 1.40 
3.00 
3.50 
2.50 
5.50 
6.00 

ea. $ 3,00 

per foot 

3.50 
5.00 
3.90 
s.so 
6.25 
2.50 
1.10 

$ 0.25 
0.85 
o.es 



NAPL PRICE LIST -------·-- - -----

A • 4 PR I C E L I S •r _ (CON T • ) 

ITEM DESCRIPTION 

Roll Negative Du p licating 

(Minimum charge - 50 feet) 

3821 
3822 

Black and White 70 mm 
Blackand White 9 1/2" 

Negative Duplicating 

3825 
3826 

Black and White up to 9 1/"2 
Co lour up to 9 1/2" 

3 820 B 1 ack and White (Large Format) 

Copy Negative 

3836 
3837 
3838 

Mosaics 

37 0 3 
3701 
3702 

Black and White up to 10" 
Colour up to 10" 
Black and White (Large Format) 

Initial Charge 
B 1 ack and White Print 
C o lour Pr int 

Mi scellaneous Services 

3812 Print Rectification 
3 814 Cardboard Mounting up to 20 X 
3815 Cardboard Mounting up to 30 x 
3816 Linen Mounting up to 20 x 20" 
3817 Linen Mounting up to 40 x 40" 
3818 Spool and Container 9 1/2" 
3819 Spool and Container 70 mm 
3823 Refix or Rewash B&W film 
3829 Fi lm Annotation 
3834 Fi lm Inspection 
3830 Labour, Black and 'White 
3831 Labour, Colour 
3852 Microfiche Index 35 mm 
3853 Microfilm Cart. 16 mm 
3801 F 1 ight Line Index Map· 
3900 Handling Charge 
3 8 35 Ma terial Recovery 

20" 
40" 
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PRICE 

per foot 

per foot 
per hour 
per hour 
per hour 
per hour 

$ 0.75 
1.25 

$ 3.35 
6.75 

20.00 

$ 5.50 
7.75 

30.00 

$22.00 
4.50 

12.00 

$ 5.50 
5.50 
1.00 
5.50 
7.75 
3.75 
2.00 
0.25 

10.00 
1L25 
11.25 
13.50 

3.00 
25.00 
1.50 
2.00 

at cost 
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A.5 PRICE LIST_(CONT.) 

ITEM DESCRIPTION 

Black and White Satellite Photomaps 

3804 Contact Print 
3 8 06 Enlarged Print 
3809 Enlarged Print 
3860 Enlarged Print 
3862 Enlarged Print 

Publications 

8225 
3840 

3841 
3842 
3843 
3 8 44· 
3845 
3846 
3 8 47 
3848 
3 8 49 
3850 
3851 

2nd Seminar on Air Pl.0to Interpretation 
G.C.S. Catalogue - Newfoundland and 

Labrador 
G . C. S. Catalogue - Maritimes 
G.C.S. Catalogue - Quebec 
G.C.S. Catalogue - Ontario 
G.C.S. Catalogue - Manitoba 
~.C.S. Catalogue - Saskatchewan 
G.C.S. Catalogue - Alberta 
G . C. S. Catalogue - British Columbia 
G.C.S. Catalogue - Northwest Territories 
G.C.S. Catalogue - Yukon 
G.C.S. Catalogue - Airborne Remote Sensing 
G.C.S. Catalogue - Roll to Mircofilm Cartridge 

(Two Volumes) 

Black and White Satellite Photomaps 

3805 
3807 
3810 
3861 
3863 

3832 
3833 

Contact Transparency 
Enlarged Transparency 
Enlarged Transparency 
Enlarged Transparency 
Enlarged Transparency 

Landsat Master Negative - B&W 
Landsat Master Negative - Colour 
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PRICE 

$ 10.00 
40.00 

115.00 
20.00 
75.00 

2.00 
2.50 

2.50 
4.25 
4.00 
3.00 
2.50 
2.50 
4.00 
8.50 
2.50 
8.00 

12.00 

$ 15.00 
45.00 

160.00 
25.00 
90.00 

$ 1.50 
5.00 





APPENDIX B 

SCALE AND COVERAGE DATA -----------------

The following tables give the photo scale, total photo 
coverage, line spacing, etc. for various sensors over a 
range of altitudes. The line spacing is based on 70 percent 
of the total photo coverage. This allows for 30 percent 
side overlap between parallel lines. 

The figures given for the line scanner are approximate 
and are based on a rectilinearized image with the film 
transport speed adjusted to match the aircraft's height and 
velocity. 

The tables are produced in Metric as well as Imperia! 
units. 
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SCALE AND COVE RAGE DA'l'A 

Foca 1 Le ng th 3. 4 7 Inches RC-10 
Format Si ze 9.00 Inch es 

Height Photo Total Line Eff. Forward Exposures 
AGL Scale Cov. Spac. Coverage per nm 

( F t) (nm) (nm) 2 0% 6 0% 2 0% 60% 
1000 1: 3458 0.43 0.30 0.34 0.17 2. 9 3 5. 8 6 
2 00 0 1: 6916 0.85 0.60 0.68 0.34 1.47 2. 9 3 
3 00 0 1: 1037 4 1.28 0.90 1.02 0.51 0. 9 8 1.9 5 
4 0 00 1 : 1383 2 1. 71 1.19 1.37 0.68 0. 7 3 1.47 
5 00 0 1: 17291 2.13 1.49 1. 71 0.85 0. 5 9 1.17 
6 00 0 1 : 2 07 49 2.56 1. 7 9 2.05 1. 02 0.49 0. 9 8 
7000 1: 2 42 07 2. 9 9 2.09 2.39 1.19 0.42 0.84 
8000 1: 27665 3. 41 2.39 2.73 1. 37 0.37 0. 7 3 
9000 l: 31123 3. 8 4 2.69 3.07 1.54 0.33 0.65 

10 0 00 1: 3 458 2 4.27 2.99 3.41 1. 71 0.29 0.59 
11000 1 : 3 8 04 0 4.69 3.28 3.75 1.88 0.27 0. 5 3 
12000 1: 41498 5. 12 3.58 4.10 2.05 0.24 0. 4 9 
13000 l: 44956 5. 5 5 3.88 4.44 2.22 0.23 0. 4 5 
14 000 1 : 4 8414 5.97 4.18 4.78 2.39 0.21 0. 4 2 
15000 1: 518 73 6. 4 0 4.48 5.12 2.56 0.20 0.39 
16 0 00 1: 5 5331 6.83 4.78 5. 4 6 2. 7 3 0 .18 0.37 
17 0 00 1: 5 878 9 7.25 5.08 5.80 2.90 0.17 0.34 
18 0 00 1 : 6 2 247 7. 6 8 5.38 6.14 3.07 0. 1 6 0.33 
19 0 00 1 : 6 5 70 6 8.11 5.67 6.48 3. 2 4 0 .15 0.31 
20 00 0 1: 69164 8. 5 3 5. 9 7 6. 8 3 3.41 0 .15 0. 2 9 
210 00 1: 7 262 2 8.96 6.27 7.17 3.58 0.14 0.28 
22000 1: 7 6 08 0 9.38 6.57 7.51 3.75 0. 13 0.27 
23 000 1: 79538 9.81 6.87 7.85 3. 9 2 0.13 0.25 
24 0 00 1: 82997 10.24 7.17 8.19 4.10 0 .12 0.24 
25 0 00 1: 8 645 5 10.66 7.47 8.53 4.27 0 .12 0.23 
26000 1 : 8 9913 11.09 7.76 8.87 4.44 0 .11 0.23 
27000 1 : 9 3371 11. 52 8.06 9.21 4.61 0.11 0. 2 2 
28 0 00 1: 9 6829 11.94 8.36 9.56 4.78 0. 1 0 0.21 
29 0 0 0 1:100288 12.37 8.66 9.90 4. 9 5 0 .1 0 0.20 
30 0 00 1:103746 12. 8 0 8. 9 6 l O. 2 4 5.12 0 .1 0 0.20 
310 00 1:107204 13. 2 2 9.26 10.58 5.29 0.09 0. 19 
32000 1:110662 13. 6 5 9. 5 6 10. 9 2 5.46 0.09 0.18 
33000 1:114121 14.08 9.85 11.26 5.63 0.09 0. 18 
34 0 00 1:117579 14.50 10.15 11.60 5.80 0.09 0.17 
35 0 00 1:121037 14. 9 3 10. 4 5 11.94 5.97 0.08 0. 1 7 
36 0 00 1:124495 15. 3 6 10. 7 5 12.29 6.14 0.08 0 .16 
37 0 00 1:127953 15. 7 8 11.05 12.63 6.31 0. 0 8 0. 1 6 
38 0 00 1:131412 16.21 11. 35 12. 9 7 6.48 0.08 0.15 
39 0 00 1:134870 16. 6 4 11.65 13.31 6.66 0.08 0.15 
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SCALE AND COVE RAGE DATA 

Foca 1 Leng th 6.00 Inches RC- 8 
Format S ize 9. 0 0 Inch es RC-10 

He igh t Photo Total Line Eff. Forward Exposures 
AGL Sea le Cov. Spac. Cove rage per nm 

( Ft) (nm) (nm) 20% 60% 2 0% 60% 
1000 1: 2000 0.25 0.17 0.20 0. 1 0 5.07 10.13 
20 00 1: 4000 0.49 0.35 0.39 0.20 2. 5 3 5.07 
3 00 0 1: 6 00 0 0.74 0.52 0.59 0.30 1.69 3.38 
4000 1 : 8000 0. 9 9 0.69 o.79 0.39 1. 27 2.53 
5000 1: 10000 1. 2 3 0.86 0.99 0.49 1.01 2.03 
6000 1: 1200 0 1.48 1.04 1.18 0.59 0.84 1.69 
7000 1: 140 00 1. 7 3 1. 21 1.38 0.69 0. 7 2 1. 4 5 
8 0 00 1 : 16 0 00 1.97 1. 38 1.58 0.79 0. 6 3 1.27 
9 00 0 1: 180 00 2.22 1.55 1. 78 0.89 0. 5 6 1.13 

10000 1: 2 0 0 00 2.47 1. 73 1. 9 7 0. 9 9 0.51 1. 01 
11000 1: 2 200 0 2.71 1.90 2.17 1.09 0. 4 6 0. 9 2 
120 0 0 1: 2 40 00 2. 9 6 2.07 2.37 1.18 0. 4 2 0. 8 4 
13000 1: 46 0 00 3.21 2.25 2.57 1. 28 0.39 0. 7 8 
140 0 0 1: 2 80 00 3. 4 5 2.42 2.76 1.38 0.36 0. 7 2 
15000 1: 30000 3. 7 0 2.59 2.96 1.48 0.34 0. 6 8 
160 0 0 1: 3 20 0 0 3. 9 5 2.76 3.16 1.58 0.32 0.63 
17000 1: 34 0 00 4.19 2.94 3.36 1. 68 0. 3 0 0. 6 0 
18000 1: 36 0 00 4.44 3.11 3.55 1. 78 0.28 0.56 
19 0 0 0 1: 38000 4.69 3.28 3.75 1. 8 8 0.27 0.53 
20 0 00 1 : 4 000 0 4. 9 3 3.45 3. 9 5 1. 9 7 0.25 0.51 
2100 0 1: 4 2 0 00 5.18 3.63 4.14 2.07 0.24 0. 4 8 
22 000 1: 4 4 00 0 5.43 3.80 4.34 2.17 0.23 0. 4 6 
2 30 0 0 1: 4 60 0 0 5.67 3. 9 7 4.54 2.27 0.22 0. 4 4 
24 0 00 1 : 4 8 00 0 5.92 4.14 4.74 2.37 0.21 0. 4 2 
25000 1: 5 0 0 00 6.17 4.32 4.93 2.47 0.20 0. 41 
2 60 0 0 1: 5 20 00 6.41 4.49 5.13 2.57 0.19 0.39 
2 70 00 1: 54000 6.66 4. 6 6 5.33 2. 6 6 0.19 0.38 
28 0 00 1: 5 600 0 6. 91 4.84 5.53 2.76 0. 18 0.36 
29 000 1: 5 8 00 0 7.15 5.01 5.72 2. 8 6 0 .1 7 0.35 
30 0 00 1: 6 0 00 0 7. 4 0 5.18 5.92 2.96 0.17 0.34 
31000 1: 6 20 0 0 7.65 5.35 6.12 3.06 0. 16 0.33 
32 0 00 1: 6 4 00 0 7.89 5.53 6.32 3.16 0 .16 0.32 
33000 1: 6 6 0 00 8.14 5.70 6.51 3.26 0. 15 0.31 
34 0 00 1: 6 8 00 0 8.39 5.87 6.71 3. 3 6 0 .15 0.30 
3 50 0 0 1: 7 00 0 0 8.63 6.04 6.91 3.45 0 .14 0.29 
36000 1: 7 20 0 0 8.88 6.22 7. 11 3.55 0.14 0.28 
37000 1: 74000 9.13 6.39 7.30 3.65 0.14 0.27 
38000 1: 7 60 0 0 9. 3 8 6.56 7. 5 0 3. 7 5 0.13 0.27 
39000 1: 7 8 00 0 9.62 6. 7 4 7.70 3.85 0 .1 3 0.26 
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SCALE AND COVE RAGE DATA 

Focal Le ng th 1.50 Inches VINTEN 
Format Size 2.25 Inches 

Height Photo Total Line Eff. Forward Exposures 
AGL Sea le Cov. Spac. Coverage per nm 

(F t) (nm) (nm) 20% 60% 20% 60% 
1000 1: 8000 0.25 0.17 0.20 0. 10 5.07 10.13 
2 0 00 1: 1600 0 0.49 0.35 0.39 0.20 2.53 5.07 
3000 1: 24 0 00 0. 7 4 0.52 0.59 0.30 1.69 3.38 
4000 1: 3 20 00 0.99 0.69 0.79 0.39 1.27 2. 5 3 
5 00 0 1 : 4 00 00 1.23 0. 8 6 0.99 0. 4 9 1.01 2.03 
6000 1: 4 80 00 1. 48 1.04 1.18 0.59 0. 8 4 1.69 
7 0 00 1: 5 600 0 1. 7 3 1.21 1.38 0.69 0. 7 2 1.45 
8000 1: 6 40 00 1.97 1. 38 1.58 0. 7 9 0.63 1.27 
9 00 0 1: 7 20 00 2.22 1.55 1. 78 0.89 0.56 1. 13 

100 00 1: 8 00 00 2.47 1. 7 3 1.97 0.99 0-. 51 1. 01 
11000 1: 88 000 2. 7 1 1.90 2.17 1. 09 0. 4 6 0. 9 2 
12000 1: 9 6 0 00 2. 9 6 2.07 2.37 1.18 0.42 0. 8 4 
13000 1:104000 3.21 2.25 2.57 1.28 0.39 0. 7 8 
14 000 1:112000 3.45 2.42 2.76 1. 38 0.36 0. 7 2 
15000 1:120000 3. 7 0 2.59 2.96 1.48 0.34 0.68 
160 00 1:128000 3.95 2.76 3.16 1. 58 0.32 0. 6 3 
17000 1:136000 4.19 2.94 3.36 1. 68 0.30 0. 6 0 
180 0 0 1:144000 4.44 3.11 3.55 1. 7 8 0.28 0. 5 6 
19000 1:152000 4.69 3.28 3.75 1. 8 8 0.27 0. 5 3 
20 0 00 1:160000 4. 9 3 3.45 3.95 1.97 0.25 0.51 
21000 1:168000 5.18 3.63 4.14 2.07 0.24 0.48 
2 20 0 0 1:176000 5.43 3.80 4.34 2.17 0.23 0. 4 6 
2 30 0 0 1:184000 5.67 3.97 4.54 2.27 0.22 0. 4 4 
24 000 1:192000 5. 9 2 4.14 4.74 2.37 0.21 0. 4 2 
2 50 0 0 1:200000 6.17 4.32 4.93 2.47 0.20 0.41 
26000 1:208000 6.41 4.49 5.13 2.57 0.19 0.39 
27000 1 : 216 0-0 0 6. 6 6 4.66 5.33 2. 6 6 0.19 0.38 
28 0 00 1:224000 6. 9 l 4.84 5.53 2. 7 6 0. 18 0.36 
29 0 00 1:232000 7.15 5.01 5.72 2. 8 6 0.17 0.35 
30000 1:240000 7.40 5.18 5. 9 2 2.96 0.17 0.34 
31000 1:248000 7.65 5.35 6.12 3.06 0.16 0.33 
32000 1:256000 7. 8 9 5.53 6.32 3. 16 0. 16 0.32 
33 0 00 1:264000 8.14 5.70 6.51 3.26 0 .15 0.31 
34 000 1:272000 8.39 5.87 6.71 3.36 0.15 0.30 
3 50 0 0 1:280000 8.63 6.04 6.91 3.45 0.14 0.29 
36 0 00 1:288000 8. 8 8 6.22 7.11 3.55 0.14 0.28 
37 0 00 1:296000 9.13 6.39 7.30 3.65 0.14 0.27 
38000 1:304000 9.38 6.56 7.50 3. 7 5 0.13 0.27 
39 0 00 1:312000 9. 6 2 6.74 7.70 3.85 0.13 0.26 



SCALE_AND COVERAGE DATA Page B- 5 

SCALE AND COVERAGE DATA 

Focal Length 3.00 Inches VINTEN 
Format Size 2.25 Inches 

He igh t Photo Total Line Eff. Forward Exposures 
AGL Sea le Cov. Spac. Coverage per nm 

(F t) (nm) ( nrn) 20% 60% 2 0% 60% 
1000 1: 4000 0.12 0.09 0.10 0.05 10.13 20.27 
2000 1: 8000 0.25 0.17 0.20 0. 1 0 5.07 10.13 
3 0 00 1: 12 00 0 0.37 0.26 0.30 0.15 3.38 6. 7 6 
4 00 0 1: 1600 0 0.49 0.35 0.39 0.20 2.53 5.07 
5 00 0 1 : 2 00 0 0 0.62 0.43 0.49 0.25 2.03 4.05 
6000 1 : 24000 0.74 0.52 0.59 0.30 1.69 3.38 
7000 1: 2 80 0 0 0. 8 6 0.60 0.69 0.35 1. 45 2. 9 0 
8 0 00 1: 3 2 0 00 0. 9 9 0.69 0.79 0.39 1.27 2. 5 3 
9 0 00 1: 36 000 1.11 0.78 0.89 0.44 1.13 2.25 

100 0 0 1: 4 00 0 0 1.23 0.86 0. 9 9 0.49 1. 01 2. 0 3 
11000 1 : 44000 1.36 0.95 1. 09 0.54 0. 9 2 1. 8 4 
120 0 0 1: 4 80 0 0 1.48 1.04 1.18 0.59 0. 8 4 1.69 
130 00 1: 5 200 0 1. 60 1.12 1.28 0.64 0. 7 8 1.56 
140 0 0 1: 5 60 00 1. 7 3 1.21 1. 38 0.69 0. 7 2 1.45 
15 00 0 1: 6 00 0 0 1.85 1. 30 1.48 0.74 0. 6 8 1. 35 
160 0 0 1: 6 40 0 0 1.97 1. 38 1.58 0.79 0. 6 3 1.27 
17 0 00 1: 6 8 00 0 2 .10 1.47 1.68 0. 8 4 0. 6 0 1.19 
18 0 00 1: 7 2 00 0 2.22 1. 55 1. 7 8 0.89 0.56 1.13 
19000 1: 7 60 0 0 2.34 1. 64 1.88 0.94 0.53 1.07 
20000 1: 8 0 0 00 2.47 1. 7 3 1.97 0.99 0.51 1.01 
210 00 1: 8 4 00 0 2.59 1.81 2.07 1. 04 0. 4 8 0. 9 7 
2 20 00 1: 8 8 00 0 2.71 1.90 2.17 1. 09 0. 4 6 0. 9 2 
2 30 0 0 1: 9 20 0 0 2.84 1.99 2.27 1.13 0.44 0. 8 8 
24000 1: 96000 2. 9 6 2.07 2.37 1. 18 0. 4 2 0. p t. 
::. S0 0 0 1:100000 3.08 2.16 2.47 1. 23 0. 41 0. 8 1 
2 600 0 1:104000 3.21 2.25 2.57 1. 28 0.39 0. 7 8 
27 000 1:108000 3.33 2.33 2.66 1. 33 0.38 0. 7 5 
28000 1:112000 3.45 2.42 2.76 1.38 0. 3 6 0. 7 2 
29 0 00 1:116000 3.58 2.50 2.86 1.43 0. 3 5 0. 7 0 
30000 1:120000 3. 7 0 2.59 2.96 1. 4 8 0. 3 4 0. 6 8 
31000 1:124000 3. 8 2 2.68 3.06 1. 53 0.33 0.65 
32 0 00 1:128000 3. 9 5 2. 7 6 3.16 1.58 0.32 0. 6 3 
3 30 0 0 1:132000 4. 0 7 2.85 3. 2 6 1. 63 0.31 0. 61 
34000 1:136000 4. 19 2.94 3.36 1.68 0. 3 0 0.60 
35 0 00 1:140000 4.32 3.02 3.45 1. 7 3 0.29 0.58 
36000 1:144000 4.44 3.11 3.55 1. 7 8 0.28 0. 5 6 
37000 1:148000 4. 5 6 3.20 3.65 1. 83 0.27 0.55 
3 80 0 0 1:152000 4.69 3.28 3.75 1. 88 0.27 0. 5 3 
39000 1:156000 4.81 3.37 3.85 1.9 2 0. 2 6 0. 5 2 
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SCALE AND COVERAGE DATA 

Focal Le ng th 6. 00 Inches VINTEN 
Format Size 2.25 Inches 

Height Photo Total Line Eff. Forward Exposures 
AGL Scale Cov. Spac. Coverag e per nrn 

(F t) (nm) (nm) 2 0% 60% 2 0% 60% 
1000 1: 2000 0.06 0.04 0.05 0.02 20.27 4 0. 5 3 
2000 1: 4 00 0 0.12 0.09 C.10 0.05 10. 13 20.27 
30 00 1: 6000 0.19 0.13 0.15 0.07 6. 7 6 13.51 
4 0 00 1 : 8000 0.25 0.17 0.20 0.10 5.07 10. 1 3 
5000 1: 100 00 0.31 0.22 0.25 0.12 4.05 8.11 
6 0 00 1 : 1200 0 0.37 0.26 0.30 0.15 3.38 6. 7 6 
7 00 0 1: 140 0 0 0.43 0.30 0.35 0.17 2. 9 0 5.79 
8 0 00 1 : 16 000 0.49 0.35 0.39 0.20 2. 5 3 5. 0 7 
9 00 0 1 : 1800 0 0.56 0.39 0.44 0.22 2.25 4. 5 0 

10000 1: 20 0 00 0. 6 2 0. 4 3 0.49 0.25 2~03 4.05 
110 00 1 : 2 200 0 0.68 0.47 0.54 0.27 1. 8 4 3.68 
12 0 00 1: 2 4 00 0 0.74 0.52 0.59 0.30 1. 6 9 3.38 
13000 1: 26000 0. 8 0 0. 5 6 0.64 0.32 1.56 3. 12 
14 0 00 1: 2 8 00 0 0.86 0.60 0. 6 9 0.35 1.45 2. 9 0 
150 0 0 1: 3 00 00 0. 9 3 0.65 0. 7 4 0.37 1. 35 2. ï 0 
16 0 00 1: 32000 0.99 0.69 0.79 0.39 1. 27 2. 5 3 
17000 1: 34000 1. 05 0. 7 3 0.84 0.42 1.19 2.38 
180 0 0 1: 3 60 0 0 1.11 0.78 0.89 0.44 1. 13 2. 2 5 
19 0 00 1: 3 8 00 0 1.17 0.82 0.94 0.47 1. 07 2. 13 
20 0 00 1: 4 0 00 0 1.23 0. 8 6 0.99 0.49 1. 01 2.03 
21000 1: 4 2 0 00 1. 3 0 0.91 1. 04 0.52 0. 9 7 1. 9 3 
22 0 00 1: 4 4 00 0 1. 36 0.95 1. 09 0. 5 4 0. 9 2 1.64 
2 30 0 0 1: 4 6 0 0 0 1.42 0.99 1.13 0.57 0. 8 8 1. 7 6 
2 4 0 CO 1: 4 b 00 0 1.4 8 1.04 1.18 0.59 0. 8 4 1. 6 9 
2 5 0 00 l: 5 00 0 0 1.54 1. 08 1. 23 0.62 0. 8 1 1. 6 2 
26 0 00 l: 5 2 00 0 1. 6 0 1.12 1. 28 0. 6 4 0. 7 8 1.56 
2 7000 1 : 5 4 00 0 1.67 1.17 1.33 0.67 0. 7 5 1.50 
28000 l: 5 6 0 00 1. 7 3 1.21 1.38 0.69 0. 7 2 1.45 
29 0 0 0 1: 5 8 0 00 1. 7 9 1.25 1.43 0.72 0. 7 0 1.40 
30000 1: 6 0 0 00 1.85 1.30 1. 48 0.74 0.68 1. 35 
310 00 1: 6 2 00 0 1.91 1. 34 1.53 0. 7 6 0.65 1. 31 
3 20 0 0 1: 64000 1.97 1. 3 8 1. 58 0.79 0. 6 3 1. 27 
33000 l: 6 60 0 0 2.04 1. 4 2 1. 63 0.81 0.61 1.23 
34000 1: 6 80 0 0 2.10 1.47 1. 68 0.84 0.60 1.19 
35 0 0 0 l: 7 0 0 00 2.16 1.51 1. 73 0.86 0. 5 8 1.16 
36 0 00 1 : 7 2 00 0 2.22 1.55 1. 78 0.89 0.56 1.13 
3 7 0 00 1: 7 4 00 0 2.28 1. 6 0 1. 8 3 0. 91 0.55 1. 10 
3 8 00 0 1: 7 60 0 0 2.34 1.64 1.88 0. 9 4 0. 5 3 1. 07 
39 0 00 1 : 78000 2.41 1. 68 1. 9 2 0. 9 6 0.52 1. 04 
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SCALE AND COVE RAGE DATA 

Foca 1 Length 1.57 Inches HASSELBLAD 
Format Si ze 2.25 Inch es 

He igh t Photo Total Line Eff. Forwa rd Exposures 
AGL Sea le Cov. Spac. Coverage per nm 

(F t) (nm) (nm) 20% 60% 2 0% 60% 
1000 1: 7620 0.23 0. 16 0.19 0. 0 9 5.32 10.64 
2000 1: 15240 0.47 0.33 0.38 0.19 2. 6 6 5.32 
3 0 00 1 : 2 286 0 0.70 0.49 0.56 0.28 1. 7 7 3. 5 5 
4 0 00 1 : 3 0 48 0 0.94 0.66 0.75 0.38 1. 33 2. 6 6 
5000 1: 3 8100 1.17 0. 8 2 0.94 0.47 1. 06 2. 13 
6000 1: 4 57 2 U 1.41 0.99 1.13 0.56 0. 8 9 1. 77 
7000 1: 5 3 340 1.64 1.15 1.32 0.66 0. 7 6 1.52 
8000 1: 6 09 6 0 1.88 1. 3 2 1.50 0. 7 5 0. 6 6 1. 3 3 
9 00 0 1 : 6 85 8 0 2.11 1.48 1.69 0.85 0.59 1.18 

10 0 00 1: 7 620 0 2.35 1. 64 1.88 0.94 0.53 1.06 
110 00 1: 8 382 0 2.58 1. 81 2.07 1. 03 0.48 0. 9 7 
12 000 1: 9 144 0 2.82 1.97 2.26 1.13 0. 4 4 0. 8 9 
13000 1: 9.9060 3.05 2.14 2.44 1. 22 0.41 0. 8 2 
14000 1:106680 3. 29 2.30 2.63 1.32 0.38 0. 7 6 
15 0 00 1:114300 3.52 2.47 2.82 1.41 0.35 0. 7 1 
16 0 00 1:121920 3. 7 6 2.63 3.01 1.50 0. 3 3 0. 6 6 
17000 1:129540 3.99 2.80 3.20 1. 60 0.31 0.63 
18 0 00 1:137160 4.23 2. 9 6 3.38 1.69 0.30 0.59 
19 0 00 1:144780 4.46 3.13 3.57 1. 7 9 0.28 0. 5 6 
20 0 00 1:152400 4. 7 0 3.29 3.76 1.88 0.27 0.53 
210 0 0 1:160020 4.93 3.45 3.95 1. 9 7 0.25 0. 51 
22 000 1:167640 5.17 3.62 4.14 2.07 0.24 0.48 
23 0 00 1:175260 5.40 3.78 4. 3 2 2.16 0.23 0. 4 6 
24 0 00 1:182880 5.64 3. 9 5 4.51 2.26 0.22 0. 4 4 
25 0 00 1:190500 5. 8 7 4.11 4.70 2.35 0.21 0. 4 3 
26 0 00 1:198120 6.11 4.28 4.89 2.44 0.20 0. 41 
27 0 00 1:205740 6.34 4.44 5.08 2.54 0.20 0.39 
28 0 00 1:213360 6. 5 8 4. 61 5.26 2.63 0.19 0.38 
29 0 00 1:220980 6.81 4.77 5.45 2.73 0. 18 0.37 
30 0 00 1:228600 7. 0 5 4. 9 3 5.64 2.82 0.18 0.35 
310 00 1:236220 7.28 5.10 5.83 2.91 0.17 0.34 
3 2 00 0 1:243840 7.52 5.26 6. 0 2 3.01 0. 1 7 0.33 
3 3 00 0 1:251460 7. 7 5 5.43 6.20 3. 10 0. 16 0.32 
34 00 0 1:259080 7.99 5.59 6.39 3.20 0. 1 6 0. 3 .l 
3 5 00 0 1:266700 8. 2 2 5.76 6.58 3.29 0 .15 0. 3 0 
36 00 0 1:274320 8.46 5.92 6.77 3.38 0. 1 5 0. 3 0 
3 7 00 0 1:281940 8.69 6. 0 9 6.96 3.48 0.14 0. 2 9 
3 800 0 1:289560 8. 9 3 6. 2 5 7.14 3.57 0. 14 0. 2 8 
39 00 0 1:297180 9.16 6.42 7.33 3.67 0.14 0. 2 7 
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SCALE AND COVE RAGE DA'rA 

Foca 1 Length 3.15 Inches HASSELBLAD 
Format S ize 2.25 Inches 

He igh t Photo Total Line Eff. Forward Exposures 
AGL Sea le Cov. Spac. Coverage per nm 

( Ft) (nm) (nm) 20% 60% 2 0% 60% 
10 00 1: 3810 0.12 0.08 0.09 0.05 10.64 21. 28 
2000 1: 7 62 0 0.23 0.16 0.19 0.09 5.32 10.64 
30 00 1: 1143 0 0.35 0.25 0.28 0.14 3. 5 5 7.09 
4000 l: 15 240 0.47 0.33 0.38 0.19 2. 6 6 5.32 
5000 1: 19 050 0.59 0.41 0.47 0.23 2. 13 4.26 
6000 l : 22 8 60 0. 7 0 0.49 0.56 0.28 1. 7 7 3.55 
7000 1: 26 670 0. 8 2 0.58 0.66 0.33 1.52 3.04 
8000 1: 30480 0. 9 4 0.66 0.75 0.38 1. 33 2. 6 6 
9000 1: 3 42 9 0 1.06 0.74 0.85 0.42 1.18 2.36 

10 00 0 l : 3 810 0 1.17 0. 8 2 0.94 0.47 L06 2. 13 
1100 0 1 : 41910 1.29 0. 9 0 1.03 0.52 0. 9 7 1.9 3 
12 0 00 1: 4 5 72 0 1.41 0.99 1.13 0.56 0. 8 9 1. 77 
13000 1: 4 9 53 0 1.53 1.07 1.22 0.61 0. 8 2 1.64 
14 00 0 1 : 5 33 4 0 1.64 1.15 1.32 0.66 0. 7 6 1.52 
15 00 0 1: 5 7150 1. 76 1.23 1.41 0.70 0. 7 1 1.42 
1600 0 l : 6 09 6 0 1.88 1.32 1.50 0.75 0. 6 6 1. 33 
1700 0 1 : 6 47 7 0 2.00 1.40 1. 6 0 0.80 0. 6 3 1.25 
18 00 0 1: 6 85 8 0 2.11 1.48 1.69 0.85 0. 5 9 1.18 
19 00 0 1: 7 239 0 2.23 1.56 1. 79 0.89 0. 5 6 1.12 
2 000 0 1: 7 62 0 0 2.35 1. 6 4 1.88 0.94 0. 5 3 1. 06 
2100 0 1: 80010 2.47 1. 7 3 1.97 0.99 0. 51 1.01 
2 200 0 1: 8 382 0 2.58 1.81 2.07 1. 03 0. 4 8 0. 9 7 
2 300 0 1: 8 763 0 2.70 1.89 2.16 1. 08 0. 4 6 0. 9 3 
2 4 00 0 1: 9 14 4 0 2. 8 2 1.97 2.26 1.13 0. 4 4 0. 8 9 
2 500 0 1: 9 52 5 0 2.94 2.06 2.35 1.17 0. 4 3 0. 8 5 
26 0 00 1: 9 9 06 0 3.05 2.14 2.44 1. 22 0.41 0. 8 2 
2 7 00 0 1:102870 3.17 2.22 2.54 1. 27 0.39 0. 7 9 
2 800 0 1:106680 3. 29 2.30 2.63 1. 32 0.38 0. 7 6 
2 9 00 0 1: 1104 9 0 3.41 2.39 2.73 1. 36 0.37 0. 7 3 
3 000 0 1:114300 3.52 2.47 2.82 1. 41 0.35 0. 7 1 
3100 0 1:118110 3.64 2.55 2.91 1.46 0.34 0.69 
3 2 00 0 1: 1 219 2 0 3.76 2.63 3.01 1. 50 0.33 0. 6 6 
3 300 0 1:125730 3. 8 8 2.71 3.10 1.55 0. 3 2 . 0.64 
34 0 00 1:129540 3.99 2.80 3.20 1. 60 0.31 0. 6 3 
3 5 00 0 1:133350 4.11 2.88 3.29 1. 64 0.30 0.61 
3 6 00 0 1:137160 4.23 2. 9 6 3.38 1. 69 0.30 0. 5 9 
3 7 00 0 1: 1409 7 0 4.35 3.04 3.48 1. 7 4 0.29 0. 5 8 
3 800 0 1:144780 4.46 3.13 3.57 1. 7 9 0.28 0. 5 6 
3 9 00 0 1: l 4 85 9 0 4.58 3.21 3.67 1. 8 3 0.27 0. 5 5 
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SCALE AND COVE RAGE DATA 

Foca 1 Length 4.13 Inches HASSELBLAD (U.V.) 
Format s ize 2.25 Inches 

He igh t Photo Total Line Eff. Forwa rd Exposures 
AGL Scale Cov. Spac. Coverage per nm 

( F t) (nm) (nm) 2 0% 60% 2 0% 60% 
1000 1: 2902 0.09 0.06 0.07 0.04 13. 9 6 27. 9 3 
2000 1: 5805 0.18 0.13 0.14 0.07 6. 9 8 13. 9 6 
3000 1: 8708 0.27 0. 19 0.21 0.11 4.65 9.31 
4000 1: 11611 0.36 0.25 0.29 0.14 3.49 6. 9 8 
5000 1: 14513 0.45 0.31 0.36 0.18 2.79 5.59 
6000 1: 17416 0. 5 4 0.38 0.43 0.21 2.33 4.65 
7000 1: 20 319 0. 6 3 0.44 0.50 0.25 1. 9 9 3. 9 9 
8000 1: 2 3 222 0. 7 2 0.50 0.57 0.29 1. 7 5 3. 4 9 
9000 1: 2 6124 0.81 0.56 0.64 0.32 1.55 3.10 

1000 0 1: 29027 0. 9 0 0.63 0.72 0.36 1. 40 2. 7 9 
1100 0 1: 319 3 0 0. 9 8 0.69 0.79 0.39 1. 27 2.54 
12 00 0 1: 3 48 33 1. 07 0.75 0.86 0.43 1.16 2. 3 3 
1300 0 1: 3 77 35 1. 16 0.81 0. 9 3 0.47 1.07 2. 1 5 
14 00 0 1: 4 06 38 1. 25 0.88 1. 00 0.50 1.00 1.99 
1500 0 1: 4 35 41 1.34 0.94 1. 07 0.54 0. 9 3 1. 8 6 
1600 0 1: 4 64 4 4 1. 43 1. 00 1.15 0.57 0. 8 7 1.75 
1700 0 1: 49346 1.52 1.07 1.22 0.61 0. 8 2 1.64 
1800 0 1: 5 22 49 1.61 1. 13 1.29 0.64 0. 7 8 1.55 
19 00 0 1: 5 515 2 1. 70 1.19 1. 36 0.68 0. 7 3 1.47 
2 00 00 1: 5 8 0 55 1.79 1.25 1. 43 0.72 0. 7 0 1.40 
2100 0 1 : 6 09 5 7 1.88 1. 32 1.50 0.75 0. 6 6 1.33 
2 2 00 0 1: 6 38 60 1.97 1.38 1.58 0.79 0. 6 3 1.27 
2 300 0 1 : 6 67 6 3 2.06 1.44 1. 65 0.82 0. 61 1.21 
24 0 00 1: 69666 2.15 1. 5 0 1. 72 0. 8 6 0. 5 8 1.16 
2 5 00 0 1 : 7 25 6 8 2.24 1.57 1. 79 0.90 0. 5 6 1.12 
2 6 00 0 1: 7 54 71 2.33 1.63 1. 8 6 0.93 0. 5 4 1. 07 
2 7 00 0 1 : 7 83 7 4 2. 4 2 1. 69 1.93 0. 9 7 0.52 1.03 
2 8 00 0 1: 8127 7 2.51 1. 75 2.01 1. 00 0.50 1.00 
29 0 00 1: 8 417 9 2.60 1. 8 2 2.08 1. 04 0. 4 8 0. 9 6 
3 0 00 0 1: 8 70 8 2 2.69 1.88 2.15 1. 07 0. 4 7 0. 9 3 
3100 0 1: 8 998 5 2.78 1. 94 2.22 1.11 0. 4 5 0. 9 0 
3 200 0 1: 9 28 8 8 2.86 2.01 2.29 1. 15 0. 4 4 0. 8 7 
3 300 0 1: 9 57 91 2.95 2.07 2.36 1. 18 0. 4 2 0. 8 5 
3 4 00 0 1: 9 86 9 3 3.04 2. 13 2.43 1. 22 0.41 0. 8 2 
3 500 0 1:101596 3.13 2.19 2.51 1. 25 0. 4 0 0. 8 0 
3 6 00 0 1:104499 3.22 2.26 2.58 1. 29 0. 3 9 0. 7 8 
37 0 00 1:107402 3.31 2.32 2.65 1. 32 0.38 0. 7 5 
3 800 0 1:110304 3.40 2.38 2.72 1. 3 6 0.37 0. 7 3 
3 9 00 0 1:113207 3.49 2.44 2.79 1.40 0.36 0. 7 2 
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METRIC SCALE AND COVERAGE DATA 

Foca 1 Length 88.00 Mi 11 imetr es RC-10 
Format si ze 229.00 Millimetres 

Height Photo Total Line Eff. Forward Exposures 
AGL Scale Cov. Spac. Coverage per km 
{M) {km) {km) 20% 60% 2 0% 60% 

200 1: 2272 0.52 0.36 0.42 0.21 2.40 4. 8 0 
400 1 : 4545 1.04 0.73 0. 8 3 0.42 1. 20 2. 4 0 
600 1: 6818 1.56 1.09 1.25 0.62 0. 8 0 1.60 
8 00 1: 9090 2.08 1.46 1.67 0.83 0. 6 0 1.20 

1000 1: 113 63 2.60 1. 8 2 2.08 1.04 0. 4 8 0. 9 6 
1200 1: 13 636 3 .12 2.19 2.50 1. 25 0. 4 0 0. 8 0 
1400 1: 159 09 3.64 2.55 2. 91 1.46 0.34 0.69 
1600 1: 18181 4.16 2. 91 3.33 1. 6 7 0.30 0. 6 0 
1800 1: 20 4 54 4. 6 8 3.28 3.75 1. 8 7 0.27 0. 5 3 
2000 1: 2 27 27 5.20 3.64 4.16 2.08 0 -. 2 4 0. 4 8 
2500 1: 2 84 09 6.51 4.55 5.20 2.60 0.19 0.38 
3000 1: 34 090 7. 81 5.46 6.25 3.12 0. 16 0. 3 2 
35 00 1: 39 7 72 9.11 6.38 7.29 3.64 0 .14 0.27 
4000 1: 4 54 5 4 1 0. 41 7.29 8.33 4.16 0. 12 0.24 
4500 1: 51136 11.71 8.20 9.37 4.68 0.11 0. 21 
5000 1: 56818 13.01 9.11 10.41 5.20 0.10 0.19 
5500 1: 6 25 0 0 14.31 10.02 11.45 5.72 0.09 0 .1 7 
6000 1: 68181 15.61 10. 9 3 12.49 6.25 0. 0 8 0.16 
6500 1: 7 3 8 63 16. 9 1 11.84 13.53 6.77 0. 0 7 0 .15 
7000 1: 7 95 4 5 18.22 12. 7 5 '14.57 7.29 0. 0 7 0.14 
7500 1: 8 5 2 27 19. 5 2 13.66 15.61 7.81 0. 0 6 0. 13 
8000 1: 9 09 09 2 0. 8 2 14. 5 7 16.65 8.33 0. 0 6 0.12 
8500 1: 9 65 9 0 22.12 15. 4 8 17. 7 0 8.85 0. 0 6 0.11 
9000 1:102272 2 3. 4 2 16.39 18. 7 4 9.37 0. 0 5 0 .11 
9500 1:107954 2 4. 7 2 17.31 19. 7 8 9.89 0. 0 5 0 .1 0 

10 00 0 1:113636 2 6. 0 2 18. 2 2 2 0. 8 2 10. 4 1 0. 0 5 0. 1 0 
1050 0 1:119318 27.32 19. 1 3 21. 8 6 10. 9 3 0.05 0.09 
1100 0 1:125000 2 8. 6 3 2 0. 0 4 22. 9 0 11. 4 5 0.04 0.09 
115 0 0 1:130681 2 9. 9 3 2 0. 9 5 23.94 11.97 0.04 0.08 
12 00 0 1:136363 31. 2 3 21. 8 6 24. 9 8 12. 4 9 0.04 0.08 
125 0 0 1:142045 32.53 22. 7 7 26.02 13.01 0. 0 4 0.08 
1300 0 1:147727 3 3. 8 3 2 3. 6 8 27. 0 6 13.53 0.04 0.07 
1350 0 1: 1 5 34 0 9 35.13 24.59 28. 10 14.05 0.04 0.07 
14 00 0 1:159090 36.43 25. 5 0 29. 15 14. 5 7 0. 0 3 0.07 
14 50 0 1:164772 3 7. 7 3 2 6. 4 1 30.19 15.09 0. 0 3 0.07 
15 00 0 1:170454 39. 0 3 27.32 31.23 15.61 0. 0 3 0.06 
1550 0 1: 176136 40.34 2 8. 2 3 32.27 16.13 0. 0 3 0.06 
16 00 0 1:181818 41.64 29. 15 33.31 16. 6 5 0. 0 3 0.06 
1650 0 1:187500 4 2. 9 4 3 0. 0 6 34.35 17.17 0. 0 3 0.06 
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METRIC SCALE AND COVERAGE DATA 

Foca 1 Length 152.00 Millimetres RC-8 
Format s ize 229.00 Millimetres RC-10 

He igh t Photo Total Line Eff. Forward Exposures 
AGL Scale Cov. Spac. Cove rage per km 
{M) {km) (km) 2 0% 6 0% 2 0% 6 0% 
200 1: 1315 0.30 0.21 0. 24 0.12 4 .15 8.30 
4 00 1: 2631 0. 6 0 0.42 0. 4 8 0.24 2. 0 7 4.15 
6 00 1: 3947 0. 9 0 0.63 0.72 0.36 1.38 2. 7 7 
800 1: 5263 1.21 0.84 0. 9 6 0.48 1.04 2.07 

1000 1: 6578 1.51 1.05 1.21 0. 6 0 0. 8 3 1.66 
1200 1: 7 89 4 1.81 1.27 1.45 0. 7 2 0. 6 9 1.38 
14 0 0 1: 9 210 2.11 1.48 1.69 0.84 0.59 1.19 
1600 l: 10 526 2.41 1.69 1.93 0.96 0. 5 2 1. 04 
1800 1: 11842 2. 7 1 1.9 0 2.17 1. 08 0. 4 6 0. 9 2 
2000 1: 13157 3.01 2.11 2.41 1.21 0. 41 0. 8 3 
25 0 0 1: 16 447 3. 7 7 2.64 3.01 1.51 0.33 0. 6 6 
30 00 1: 19 7 36 4. 5 2 3.16 3.62 1.81 0.28 0.55 
35 00 1: 2 302 6 5.27 3.69 4.22 2.11 0.24 0. 4 7 
4000 1: 2 6 315 6.03 4.22 4.82 2.41 0.21 0. 41 
4500 1: 29 605 6. 7 8 4.75 5.42 2.71 0. 18 0.37 
5000 1: 3 2 8 94 7. 5 3 5.27 6.03 3.01 0.17 0.33 
5500 1: 36184 8.29 5.80 6.63 3.31 0 .15 0.30 
6000 1: 39 4 73 9.04 6.33 7.23 3.62 0.14 0.28 
65 0 0 1: 42763 9.79 6.85 7.83 3. 9 2 0 .1 3 0. 2 6 
7000 1: 4 6 052 10. 5 5 7.38 8.44 4.22 0. 12 0.24 
7500 1: 49 342 11. 3 0 7. 91 9.04 4.52 0 .11 0. 2 2 
8000 1: 5 2 6 31 12. 0 5 8.44 9.64 4.82 0 .1 0 0.21 
8500 1: 55 9 21 12. 81 8. 9 6 10.24 5.12 0 .1 0 0.20 
9000 l: 5 9 210 13.56 9.49 10. 8 5 5.42 0.09 0.18 
9500 1: 62500 14.31 10.02 11.45 5.72 0.09 0.17 

100 0 0 1: 6 57 89 15. 0 7 10. 5 5 12.05 6.03 0. 0 8 0.17 
1050 0 1: 6 90 7 8 15.82 11. 0 7 12.66 6.33 0.08 0.16 
1100 0 1: 7 23 68 16. 5 7 11. 6 0 13.26 6.63 0. 0 8 0.15 
115 00 1: 7 56 5 7 17.33 12. 13 13. 8 6 6.93 0. 0 7 0 .14 
12 00 0 1: 7 89 4 7 18. 0 8 12. 6 6 14.46 7.23 0. 0 7 0.14 
125 0 0 l: 8 223 6 18. 8 3 13. 18 15. 0 7 7.53 0. 0 7 0 .13 
13 00 0 1: 8 55 2 6 19.59 13. 7 l 15.67 7.83 0. 0 6 0.13 
1350 0 1: 8 8815 20.34 14.24 16.27 8.14 0. 0 6 0.12 
14 00 0 1 : 9 210 5 21. 0 9 14. 7 6 16. 8 7 8.44 0.06 0. 12 
145 0 0 l: 9 539 4 21.85 15.29 1 7. 4 8 8.74 0. 0 6 0. 11 
15 00 0 1: 9 86 84 22.60 15. 8 2 18.08 9.04 0.06 0.11 
15 50 0 1: 1019 7 3 23.35 16.35 18. 6 8 9.34 0. 0 5 0.11 
1600 0 1:105263 24.11 16. 8 7 19.28 9.64 0. 0 5 0.10 
16 50 0 1: 1085 5 2 24.86 1 7. 4 0 19. 8 9 9.94 0. 0 5 0.10 
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METRIC SCALE AND COVE RAGE DA'rA 

Focal Length 38.00 Mill imetres VINTEN 
Format Size 57.00 Mill imetres 

He igh t Photo Total Line Ef f. Forward Exposures 
AGL Sea le Cov. Spac. Coverage per km 
(M) (km) (km) 20% 60% 2 0% 60% 

200 1: 5263 0.30 0.21 0.24 0.12 4.17 8.33 
4 00 1: 1052 6 0.60 0. 4 2 0.48 0.24 2. 0 8 4.17 
6 00 1: 15 78 9 0. 9 0 0.63 0.72 0.36 1.39 2. 7 8 
8 00 1: 2105 2 1.20 0.84 0. 9 6 0.48 1.04 2.08 

1000 1: 26 315 1.50 1.05 1.20 0.60 0. 8 3 1.67 
1200 1: 315 78 1.80 1.26 1. 4 4 0.72 0.69 1. 39 
1400 1: 3 6 842 2.10 1.47 1.68 0.84 0. 6 0 1. 19 
1600 1: 4 210 5 2.40 1.68 1.92 0.96 0. 5 2 1. 04 
1800 1: 4 7 368 2. 7 0 1. 89 2.16 1. 08 0.46 0. 9 3 
2000 1: 5 2 631 3.00 2.10 2.40 1. 20 o. 4 2 0. 8 3 
25 00 1: 6 5 7 89 3. 7 5 2.63 3.00 1.50 0.33 0. 6 7 
3000 1: 7 894 7 4.50 3.15 3.60 1. 8 0 0.28 0. 5 6 
35 00 1: 9 2 -105 5.25 3.68 4.20 2. 10 0.24 0. 4 8 
4000 1:105263 6. 0 0 4.20 4.80 2.40 0.21 0. 4 2 
45 00 1:118421 6.75 4.73 5. 4 0 2.70 0.19 0.37 
5000 1:131578 7. 5 0 5.25 6.00 3.00 0.17 0. 3 3 
5500 1:144736 8.25 5.78 6.60 3.30 0 .15 0.30 
6000 1:157894 9. 0 0 6.30 7.20 3.60 0.14 0.28 
65 00 1:171052 9. 7 5 6.83 7.80 3. 9 0 0 .13 0.26 
7000 1:184210 10. 5 0 7.35 8. 4 0 4.20 0. 12 0.24 
7500 1:197368 11.25 7.88 9.00 4.50 0.11 0.22 
8000 1:210526 12.00 8. 4 0 9.60 4.80 0. 1 0 0.21 
85 00 1:223684 12. 7 5 8. 9 3 10. 2 0 5.10 0 .1 0 0.20 
9000 1:236842 13.50 9.45 10. 8 0 5.40 0.09 0.19 
9500 1:250000 14.25 9. 9 8 11.40 5.70 0.09 0.18 

100 0 0 1: 2 6 3157 15.00 10. 5 0 12.00 6.00 0. 0 8 0.17 
105 0 0 1:276315 15. 7 5 11. 0 3 12.60 6.30 0. 0 8 0.16 
1100 0 1:289473 16.50 11.55 13. 2 0 6.60 0.08 0.15 
115 00 1:302631 17.25 12.08 13.80 6. 9 0 0.07 0.14 
1200 0 1:315789 18.00 12. 6 0 14. 4 0 7. 2 0 0. 0 7 0.14 
125 0 0 1:328947 18. 7 5 13.13 15.00 7.50 0. 0 7 0.13 
130 0 0 1: 3 4 2105 19. 5 0 13. 6 5 15. 6 0 7.80 0. 0 6 0.13 
135 on 1:355263 20.25 14. 18 16.20 8.10 0. 0 6 0.12 
14 00 0 1: 3 6 84 21 21.00 • 14. 7 0 16. 8 0 8.40 0. 0 6 0. 12 
14 50 0 1: 3 815 7 8 21. 7 5 15.23 1 7. 4 0 8.70 0. 0 6 0 .11 
1500 0 1:394736 2 2. 5 0 15. 7 5 18. 0 0 9. 0 0 0.06 0 .11 
155 0 0 1:407894 23.25 16.28 18. 6 0 9.30 0. 0 5 0.11 
16 00 0 1:421052 24.00 16. 8 0 19.20 9.60 0.05 0.10 
165 0 0 1:434210 24.75 17.33 19. 8 0 9.90 0. 0 5 0. 1 0 
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ME'fRI C SCALE AND COVERAGE DA 'l'A 

Focal Length 76.00 Mi 11 imet res VINTEN 
Format S ize 5 7. 0 0 Millimetres 

He igh t Photo Total Line Eff. Forward Exposures 
AGL Sea le Cov. Spac. Cove rage per km 
( M) (km) (km) 20% 60% 2 0% 60% 

200 1: 2631 0.15 0.11 0.12 0.06 8.33 16.67 
4 00 1: 5263 0.30 0.21 0.24 0.12 4.17 8.33 
6 00 1: 7~94 0. 4 5 0.32 0.36 0.18 2. 7 8 5. 5 6 
8 00 1: 10 52 6 0.60 0. 4 2 0.48 0.24 2. 0 8 4.17 

10 00 1: 13157 0. 7 5 0. 5 3 0. 6 0 0.30 1. 6 7 3. 3 3 
12 00 1: 15 7 89 0. 9 0 0.63 0.72 0.36 1. 39 2. 7 8 
14 00 1: 18 4 21 1.05 0.73 0.84 0.42 1.19 2. 3 8 
1600 1: 210 52 1. 20 0.84 0. 9 6 0. 4 8 1.04 2.08 
18 00 1: 2 3 6 84 1. 35 0. 9 5 1. 08 0.54 0. 9 3 1. 8 5 
2000 1: 26315 1.50 1. 05 1.20 0.60 0. 8 3 1.67 
25 00 1: 3 2 8 94 1. 8 8 1.31 1.50 0.75 0.67 1. 33 
30 00 1: 39473 2.25 1. 5 8 1. 8 0 0.90 0. 5 6 1.11 
35 00 1: 4-6 05 2 2.63 1.84 2.10 1. 05 0. 4 8 0. 9 5 
4000 1: 52631 3. 0 0 2.10 2.40 1. 20 0.42 0. 8 3 
4500 1: 59 210 3.38 2.36 2. 7 0 1.35 0.37 0. 7 4 
5000 1 : 65 7 89 3. 7 5 2.63 3.00 1. 50 0.33 0. 6 7 
5 5 00 1 : 7 2 368 4.13 2.89 3.30 1.65 0. 3 0 0. 61 
6000 1: 7 8 9 47 4. 5 0 3.15 3.60 1. 8 0 0.28 0.56 
65 00 1 : 8 5 5 26 4. 8 8 3.41 3. 9 0 1.95 0.26 0.51 
7000 1: 9 2105 5.25 3.68 4.20 2.10 0.24 0. 4 8 
7 5 0 0 1: 9 8 6 84 5. 6 3 3.94 4.50 2.25 0.22 0. 4 4 
8000 1:105263 6. 0 0 4.20 4.80 2.40 0. 21 0. 4 2 
85 0 0 1:111842 6. 3 8 4.46 5.10 2.55 0. 2 0 0.39 
9000 1:118421 6. 7 5 4.73 5.40 2.70 0.19 0.37 
9500 1:125000 7. 13 4.99 5. 7 0 2.85 0 .18 0.35 

100 0 0 1:131578 7.50 5.25 6.00 3.00 0.17 0.33 
1050 0 1 : 1381 5 7 7. 8 8 5.51 6.30 3.15 0.16 0.32 
110 0 0 1:144736 8.25 5.78 6. 6 0 3.30 0 .1 5 0.30 
115 0 0 1:151315 8.63 6.04 6. 9 0 3.45 0.14 0.29 
1200 0 1:157894 9. 0 0 6. 3 0 7.20 3.60 0. 14 0.28 
125 0 0 1:164473 9.38 6. 5 6 7.50 3.75 0. l 3 0.27 
130 0 0 1:171052 9.75 6. 8 3 7. 8 0 3. 9 0 0. 1 3 0.26 
13 50 0 1:177631 10.13 7. 0 9 8.10 4.05 0. 12 0. 2 5 
140 0 0 1:184210 10. 5 0 7.35 8.40 4.20 0. 12 0. 2 4 
14 50 0 1:190789 10. 8 8 7.61 8.70 4.35 0.11 0. 2 3 
15 00 0 1:197368 11.25 7.88 9.00 4. 5 0 0 .11 0. 2 2 
155 0 0 1: 2 0 39 4 7 11. 63 8.14 9.30 4. 6 5 0 .11 0. 2 2 
160 0 0 1:210526 12. 0 0 8. 4 0 9.60 4. 8 0 0. 1 0 0. 21 
165 0 0 1:217105 12. 3 8 8. 6 6 9. 9 0 4. 9 5 0. 1 0 0. 2 0 
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METRIC SCALE AND COVERAGE DATA 

Foca 1 Le ngth 152.00 M i 1 1 i me t r es VINTEN 
Format Size 57.00 Millimetres 

He igh t Photo Tota 1 Line Eff. Forwarà Exposures 
AGL Sea le Cov. Spac. Cove rage per km 
( M) (km) (km) 20% 60% 2 0% 60% 

200 1: 1315 0.08 0.05 0.06 0.03 16. 6 7 33.33 
400 1: 2631 0.15 0.11 0.12 0.06 8.33 16.67 
6 00 1: 39 4 7 0.22 0.16 0.18 0.09 5. 5 6 11.11 
8 00 1 : 5263 0.30 0.21 0.24 0.12 4.17 8.33 

1000 1: 65 78 0.38 0.26 0.30 0.15 3. 3 3 6. 6 7 
12 00 1: 7894 0. 4 5 0.32 0.36 0.18 2. 7 8 5. 5 6 
14 00 1: 9210 0.52 0.37 0.42 0.21 2.38 4. 7 6 
1600 1: 10 526 0. 6 0 0.42 0.48 0.24 2. 0 8 4 .1 7 
1800 1: 11842 0. 6 7 0.47 0.54 0.27 1.85 3. 7 0 
2000 1: 13157 0. 7 5 0. 5 3 0.60 0.30 l •. 6 7 3.33 
25 00 1: 16 447 0. 9 4 0.66 0.75 0.38 1.33 2. 6 7 
30 00 1: 19 7 36 1.13 0.79 0. 9 0 0.45 1. 11 2.22 
35 00 1: 2 302 6 1.31 0. 9 2 1. 05 0.52 0. 9 5 1.9 0 
4000 1: 26 315 1.50 1.05 1. 20 0.60 0. 8 3 1.67 
4500 1: 29 6 05 1.69 1.18 1.35 0.67 0. 7 4 1.48 
5000 1: 3 289 4 1.88 1.31 1.50 0.75 0. 6 7 1. 33 
5 50 0 1: 3 6184 2.06 1.44 1. 65 0.82 0. 61 1.21 
60 00 1: 39 4 73 2.25 1.58 1.80 0. 9 0 0. 5 6 1.11 
65 00 1: 4 2 7 63 2.44 1. 71 1.95 0.97 0. 5 1 1.03 
7 0 00 1: 4 6 0 52 2. 6 3 1. 8 4 2.10 1. 05 0. 4 8 0. 9 5 
7500 1: 4 9 34 2 2.81 1.97 2.25 1. 13 0.44 0. 8 9 
80 00 1: 5 2 6 31 3. 0 0 2.10 2. 4 0 1. 20 0. 4 2 0. 8 3 
85 00 1: 5 5 9 21 3.19 2.23 2.55 1. 27 0.39 0. 7 8 
9000 1: 59 210 3.38 2.36 2. 7 0 1. 35 0.37 0. 7 4 
95 00 1: 6 2 5 00 3. 5 6 2.49 2.85 1.42 0.35 0. 7 0 

100 0 0 1: 6 57 89 3.75 2.63 3.00 1. 5 0 0.33 0. 6 7 
105 0 0 1: 6 90 78 3.94 2.76 3.15 1. 57 0.32 0. 6 3 
1100 0 1 : 7 23 68 4 .13 2.89 3.30 1.65 0.30 0. 61 
115 0 0 1: 7 565 7 4.31 3.02 3.45 1. 72 0.29 0. 5 8 
1200 0 1: 7 89 4 7 4.50 3.15 3.60 1. 8 0 0.28 0. 5 6 
125 0 0 1: 8 22 36 4.69 3.28 3.75 1.88 0.27 0.53 
1300 0 1: 8 55 26 4.88 3.41 3.90 1.95 0.26 0.51 
135 0 0 1: 8 8815 5.06 3.54 4.05 2.03 0. 2 5. 0. 4 9 
14 00 0 1 : 9 2105 5.25 3.68 4.20 2.10 0.24 0.48 
145 0 0 1: 9 53 9 4 5.44 3.81 4.35 2.17 0.23 0. 4 6 
150 0 0 1: 9 868 4 5.63 3.94 4.50 2.25 0.22 0.44 
155 0 0 1: 1019 7 3 5.81 4.07 4.65 2.32 0.22 0.43 
16 00 0 l: 1O5263 6. 0 0 4.20 4.80 2. 4 0 0.21 0. 4 2 
165 0 0 1:108552 6.19 4.33 4.95 2.47 0.20 0. 4 0 
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METRIC SCALE AND COVE RAGE DATA 

Foca 1 Length 40.00 Mill irnetres HASSELBLAD 
Format S ize 57.00 Mi 11 imet res 

He igh t Photo Total Line Eff. Forward Expos ures 
AGL Scale Cov. Spac. Cove rage per km 
(M) (km) (km) 20% 60% 2 0% 60% 
200 1: 5000 0.29 0.20 0.23 0.11 4.39 8. 7 7 
4 00 1: l 000 O 0.57 0.40 0.46 0.23 2 .19 4.39 
600 1: 15 00 0 0.85 0. 6 0 0.68 0.34 1.46 2. 9 2 
8 00 1: 2 0 00 0 1.14 0.80 0.91 0. 4 6 1.10 2.19 

1000 1: 2 50 0 0 1.42 1.00 1.14 0.57 0. 8 8 1. 7 5 
12 00 1: 3 000 0 1. 71 1. 20 1.37 0.68 0. 7 3 1.46 
1400 1: 3 500 0 2.00 1.40 1.60 0.80 0. 6 3 1. 25 
16 00 1: 4 0 000 2.28 1.60 1.82 0.91 0. 5 5 1.10 
1800 1: 4 5 0 00 2. 5 6 1.80 2.05 1.03 0.49 0. 9 7 
2000 1: 5 00 0 0 2.85 2.00 2.28 1.14 0. 4 4 0. 8 8 
25 00 1 : 6 250 0 3. 5 6 2.49 2.85 1.42 0.35 0. 7 0 
3000 1: 7 500 0 4.27 2.99 3.42 1. 71 0.29 0. 5 8 
35 00 1: 8_7 500 4. 9 9 3.49 3. 9 9 2.00 0.25 0.50 
4 0 00 1:100000 5. 7 0 3.99 4.56 2.28 0.22 0. 4 4 
4500 1:112500 6.41 4.49 5.13 2.56 0.19 0.39 
5000 1:125000 7.13 4.99 5.70 2.85 0 .1 8 0.35 
55 00 1:137500 7. 8 4 5.49 6.27 3.13 0 .16 0. 3 2 
6000 1:150000 8. 5 5 5.99 6.84 3.42 0. 15 0.29 
65 0 0 1: 1625 0 0 9.26 6.48 7.41 3.71 0. 13 0.27 

. 7 0 00 1:175000 9. 9 8 6. 9 8 7.98 3. 9 9 0. 13 0.25 
75 00 1:187500 10.69 7.48 8.55 4.27 0 .12 0.23 
8000 1:200000 11.40 7. 9 8 9.12 4.56 0 .11 0.22 
85 00 1:212500 12.11 8. 4 8 9.69 4.84 0 .1 0 0.21 
9000 1:225000 12. 8 3 8. 9 8 10. 2 6 5.13 0 .1 0 0.19 
9 5 00 1:237500 13.54 9.48 10. 8 3 5.41 0.09 0.18 

1000 0 1:250000 14.25 9. 9 8 11.40 5.70 0.09 0.18 
10500 1:262500 14. 9 6 10. 4 7 11. 9 7 5. 9 8 0. 0 8 0.17 
110 0 0 1:275000 15. 6 7 10. 9 7 12.54 6.27 0.08 0 .16 
1150 0 l: 2 8 75 0 O 16.39 11. 4 7 13. 11 6.56 . 0.08 0. 15 
12 00 0 1:300000 1 7. 1 0 11. 9 7 13.68 6.84 0. 0 7 0. 1 5 
1250 0 1:312500 l 7. 81 12. 4 7 14. 2 5 7.13 0. 0 7 0.14 
130 0 0 1:325000 18. 5 3 12. 9 7 14. 8 2 7.41 0. 0 7 0. 13 
1350 0 1:337500 19.24 13. 4 7 15.39 7.69 0. 0 6 0.13 
140 0 0 1: 350000 19. 9 5 13. 9 7 15. 9 6 7. 9 8 0. 0 6 0. 13 
14 50 0 1: 3 6 25 0 0 2 0. 6 6 14. 4 6 16.53 8.26 0. 0 6 0 .12 
15 00 0 1:375000 21. 3 8 14. 9 6 1 7. 1 0 8.55 0. 0 6 0.12 
15 50 0 l: 3 8 75 0 0 2 2. 0 9 15. 4 6 1 7. 6 7 8.84 0. 0 6 0. 11 
16 00 0 1:400000 22. 8 0 15. 9 6 18.24 9. 1 2 0. 0 5 0. 11 
16 50 0 1: 4 125 0 0 23.51 16. 4 6 18. 8 1 9. 4 0 0. 0 5 0. 11 
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METRIC SCALE AND COVE RAGE DATA 

Foca 1 Le ngth 80.00 Millimetres HASSELBLAD 
Format S ize 57.00 Millirnetres 

He igh t Photo Total Line Eff. Forward Exposures 
AGL Scale Cov. Spac. Cove rage per km 
( M) (km) (km) 20% 60% 2 0% 60% 
200 1: 25 00 0.14 0. 1 0 0.11 0.06 8. 7 7 17.54 
4 00 1: 50 00 0. 29 0.20 0.23 0.11 4.39 8. 7 7 
60 0 1: 7 500 0. 4 3 0.30 0.34 0.17 2. 9 2 5. 8 5 
800 1: 10000 0.57 0. 4 0 0. 4 6 0.23 2 .19 4.39 

1000 1: 12500 0. 7 1 0.50 0.57 0.29 1. 7 5 3.51 
12 00 1: 1500 0 0. 8 5 0.60 0.68 0.34 1.46 2. 9 2 
14 00 1: 17500 1.00 0. 7 0 0.80 0.40 1. 25 2.51 
1600 1: 20 0 00 1.14 0. 8 0 0. 91 0. 4 6 1.10 2.19 
1800 1: 22 5 00 1. 28 0. 9 0 1. 03 0. 51 0. 9 7 1.9 5 
20 00 1: 2 500 0 1.42 1.00 1.14 0.57 0 ~ 8 8 1. 75 
25 00 1: 31250 1. 7 8 1.25 1.42 0.71 0. 7 0 1.40 
3000 1: 37 500 2.14 1.50 1. 71 0.85 0. 5 8 1. 17 
35 00 1: 4 375 0 2.49 1. 7 5 2.00 1. 00 0. 5 0 1. 00 
4000 1: 5 00 0 0 2. 8 5 2.00 2.28 1.14 0.44 0. 8 8 
45 00 1: 5 6 250 3.21 2.24 2.56 1. 28 0.39 0. 7 8 
5000 1: 6 25 0 0 3.56 2.49 2.85 1.42 0.35 0. 7 0 
5500 1: 6 87 50 3. 9 2 2.74 3.13 1. 5 7 0.32 0.64 
6000 1: 75 0 00 4.27 2.99 3. 4 2 1. 71 0.29 0.58 
65 00 1: 8125 0 4.63 3.24 3.71 1.85 0.27 0.54 
7000 1: 8 75 0 0 4.99 3.49 3.99 2.00 0.25 0. 5 0 
75 00 1: 9 37 50 5. 3 4 3.74 4.27 2.14 0. 2 3 0. 4 7 
8 0 00 1:100000 5. 7 0 3. 9 9 4.56 2.28 0.22 0.44 
8500 1:106250 6. 0 6 4.24 4.84 2.42 0.21 0. 41 
9 0 00 1:112500 6.41 4.49 5.13 2.56 0 .19 0.39 
9500 1:118750 6.77 4.74 5.41 2.71 0. 1 8 0.37 

100 0 0 1:125000 7. 13 4.99 5.70 2.85 0 .1 8 0.35 
1050 0 1: 1312 5 0 7.48 5.24 5.98 2.99 0 .1 7 0.33 
1100 0 1:137500 7. 8 4 . 5.49 6.27 3.13 0.16 0.32 
1150 0 1: 143750 8.19 5.74 6.56 3.28 0 .1 5 0.31 
120 0 0 1:150000 8.55 5.99 6.84 3.42 0.15 0.29 
1250 0 1:156250 8. 9 1 6. 2 3 7.13 3.56 0. 14 0.28 
13 00 0 1: 1625 0 0 9.26 6.48 7. 41 3.71 0 .1 3 0.27 
13 5 O~J 1:168750 9.62 6.73 7.69 3.85 0 .1 3 0.26 
140 0 0 1:175000 9. 9 8 6. 9 8 7. 9 8 3.99 0 .13 0.25 
145 0 0 1:181250 10. 3 3 7.23 8.26 4.13 0 .1 2 0.24 
1500 0 1: 1875 0 0 10.69 7. 4 8 8.55 4.27 0 .1 2 0. 2 3 
15 50 0 1: 193750 11. 04 7.73 8.84 4.42 0 .11 0. 2 3 
160 0 0 1:200000 11.40 7. 9 8 9.12 4.56 0 .11 0.22 
16 50 0 1:206250 11. 7 6 8. 2 3 9.40 4.70 0.11 0.21 
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METRIC SCALE AND COVE RAGE DA'I'A 

Foca 1 Length l 05. 0 0 Millimetres HASSELBLAD (U.V.) 
Format Si ze 57.00 Millirnetres 

He igh t Photo Total Line Eff. Forward Exposures 
AGL Scale Cov. Spac. Cove rage per km 
(M) (km) (km) 20% 60% 2 0% 60% 
200 1: 19 0 4 0.11 0.08 0.09 0.04 11.51 23.03 
400 1: 3809 0.22 0.15 0.17 0.09 5. 7 6 11. 5 1 
6 00 1 : 5714 0.33 0.23 0.26 0.13 3. 8 4 7. 6 8 
8 00 1: 7619 0.43 0.30 0.35 0.17 2. 8 8 5. 7 6 

10 00 1 : 9523 0.54 0.38 0.43 0.22 2.30 4.61 
1200 1: 11428 0. 6 5 0. 4 6 0.52 0.26 1.9 2 3. 8 4 
14 00 1 : 13 333 0. 7 6 0.53 0.61 0.30 1. 6 4 3.29 
16 00 1 : 15238 0.87 0.61 0.69 0.35 1.44 2. 8 8 
1800 1: 1 7142 0. 9 8 0.68 0.78 0.39 1. 28 2.56 
20 00 1: 19 047 1.09 0.76 0.87 0.43 1. 15 2.30 
25 00 1: 23 8 09 1. 36 0. 9 5 1. 09 0.54 0. 9 2 1.84 
30 00 1: 2 8 571 1.63 1. 14 1.30 0.65 0. 7 7 1. 54 
35 0 0 1: 3.33 3 3 1. 9 0 1. 33 1.52 0.76 0. 6 6 1. 3 2 
4000 l: 38 095 2.17 1.52 1. 7 4 0.87 0. 5 8 1.15 
4500 1: 4 2 8 57 2.44 1. 71 1.95 0. 9 8 0. 5 1 1. 02 
5000 1: 4 7619 2.71 1.90 2.17 1.09 0. 4 6 0. 9 2 
5500 1: 5 23 8 0 2. 9 9 2.09 2.39 1.19 0. 4 2 0. 8 4 
6 0 00 1: 5 714 2 3.26 2.28 2.61 1.30 0.38 0. 7 7 
65 0 0 1: 619 0 4 3. 5 3 2.47 2.82 1.41 0.35 0. 71 
7 0 00 1: 6 6 6 66 3. 8 0 2.66 3.04 1. 52 0.33 0. 6 6 
75 00 1: 714 28 4. 0 7 2.85 3.26 1. 63 0.31 0. 61 
8 0 00 1 : 76190 4.34 3.04 3.47 1. 7 4 0.29 0.58 
8500 1: 8 09 5 2 4.61 3.23 3.69 1.85 0.27 0.54 
9000 1: 8 5714 4. 8 9 3.42 3. 9 1 1. 9 5 0.26 0. 5 1 
9 5 00 1: 90476 5.16 3.61 4. 1 3 2.06 0.24 0.48 

10 00 0 1 : 9 52 38 5. 4 3 3. 8 0 4.34 2.17 0. 2 3 0. 4 6 
1050 0 1:100000 5. 7 0 3.99 4.56 2.28 0.22 0.44 
1100 0 1:104761 5. 9 7 4.18 4.78 2.39 0.21 0. 4 2 
115 0 0 1:109523 6.24 4.37 4.99 2.50 0.20 0. 4 0 
120 0 0 1:114285 6.51 4.56 5.21 2.61 0. 19 0.38 
1250 0 1:119047 6. 7 9 4.75 5.43 2.71 0. 1 8 0. 3 7 
13 00 0 1: 1238 0 9 7. 0 6 4.94 5.65 2. 8 2 0.18 0.35 
1350 0 1:128571 7. 3 3 5.13 5.86 2. 9 3 0. 1 7 0.34 
14000 1:133333 7.60 5.32 6.08 3.04 0. 1 6 0. 3 3 
14 50 0 1:138095 7. 8 7 5.51 6.30 3.15 0. 16 0.32 
15 00 0 1:142857 8. 14 5.70 6.51 3.26 0 .1 5 0.31 
155 0 0 1:147619 8. 4 1 5.89 6. 7 3 3.37 0. 1 5 0.30 
16 00 0 1:152380 8. 6 9 6.08 6. 9 5 3.47 0. 14 0. 2 9 
16 50 0 1:157142 8. 9 6 6.27 7.17 3.58 0 .14 0.28 
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LINE SCANNER COVERAGE 

Scan Angle 7 7. 2 Degrees 

He igh t Total Line Film Approx. Scale 
AGL Cove rage Spacing per NM 5 in. 70 mm 
(F t) (F t) (NM) (F t) (NM) (Ft) Format Format 
1000 1596 0.26 1117 0.18 1.666 1: 3 64 9 1: 7298 
20 00 3193 0.53 2 2 35 0.37 . 8 33 1: 7298 1: 1459 6 
30 00 4 7 89 0. 7 9 335 2 0.55 .555 1: 10 9 47 1: 2189 4 
4000 6 386 1.05 44 7 0 0.74 .417 1: 145 9 7 1 • 29194 ~. 
5 0 00 79 82 1.31 5588 0. 9 2 .333 1: 18246 1: 3 64 9 2 
60 00 9 5 79 1.58 6705 1. 10 .278 1: 218 95 1: 4 37 9 0 
7 0 00 111 76 1.84 7823 1.29 .238 1: 25 545 1: 5109 0 
80 00 127 7 2 2.10 894 0 1.47 .208 1: 29194 1: 58388 
9 0 00 143 69 2.36 10 058 1.65 .185 1: 3 28 4 3 1: 6 568 6 

100 00 159 65 2.63 11176 1.84 .167 1: 3 64 9 3 1: 7 29 8 6 
110 0 0 1 75 62 2.89 12293 2.02 .151 1: 4 014-2 1: 8 02 84 
1200 0 19158 3.15 13411 2.21 .139 1: 4 37 91 1: 8 75 8 2 
130 0 0 20 7 55 3.41 145 28 2.39 .128 1: 4 74 41 1: 9 48 82 
140 00 2 23 52 3.68 15 646 2.57 .119 1: 510 9 0 1:102180 
15 000 239 48 3. 9 4 16 764 2.76 .111 1: 5 47 39 1:109478 
16 000 25 5 45 4.20 17881 2.94 .104 1: 5 83 89 1:116778 
1700 0 27141 4.46 18 999 3. 12 . 0 9 8 1: 6 203 8 1:124076 
180 0 0 28 7 38 4.73 20116 3.31 . 09 3 1: 6 56 8 7 1:131374 
19 00 0 30 335 4. 9 9 212 34 3.49 .088 1: 6 93 37 1:138674 
20 0 00 319 31 5.25 22 35 2 3.68 .083 1: 7 29 8 6 1:145972 
2100 0 33 528 5.51 23 4 69 3. 8··6 .079 1: 7 66 35 1:153270 
2 200 0 35124 5.78 24 587 4. 0 4 . 0 7 6 1: 80285 1:160570 
2 300 0 36 7 21 6.04 25704 4.23 .072 1: 8 39 34 1:167868 
24 000 38 317 6.30 26 822 4.41 .069 1 : 8 758 3 1:175166 
2 50 00 39 914 6. 5 6 27 94 0 4.60 .067 1: 912 33 1:182466 
2 600 0 41511 6. 8 3 29057 4.78 .064 1: 9 48 82 1:189764 
2 7 00 0 4 3107 7.09 30175 4. 9 6 .062 1 : 9 85 31 1:197062 
28000 4 47 04 7.35 31292 5.15 . 0 60 1:102181 1:204362 
29 0 0 0 4 6 3 00 7.62 3 2410 5.33 .057 1:105830 1:211660 
30 0 00 4 7 897 7. 8 8 3 35 28 5.51 .056 1:109479 1:218958 
31000 49 493 8.14 3 46 45 5. 7 0 .054 1:113129 1:226258 
32 00 0 51090 8. 4 0 3 57 63 5. 8 8 .052 1:116778 1:233556 
33 000 5 2 687 8.67 36880 6.07 .050 1:120427 1:240854 
34 0 00 54 283 8. 9 3 3 79 9 8 6.25 .049 1:124076 1:248152 
35 0 00 55 880 9.19 39116 6. 4 3 .048 1:127726 1:255452 
3 6 00 0 5 7 4 76 9.45 4 0 2 33 6. 6 2 .046 1:131375 1:262750 
37 000 59 073 9. 7 2 41 351 6.80 . 04 5 1:135024 1:270048 
38 00 0 60 6 70 9. 9 8 4 24 69 6.99 .044 1:138674 1:277347 
39 0 0 0 62 266 10. 2 4 43586 7.17 .042 1:142323 1:264646 
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METRIC LINE SCANNER COVE RAGE 

Scan Angle 7 7. 2 Degrees 

He igh t Total Line Film Approx. Scale 
AGL Cove rage Spacing per Km 5 in. 70 mm 
(M} (M} (Km} (M} (Km} ( M) Format Format 

2 00 319 0.32 22 3 0.22 1. 370 1: 2394 1: 4788 
4 00 638 0.64 44 7 0.45 .685 1: 4789 1: 9578 
6 00 95 7 0. 9 6 67 0 0.67 .457 1: 7183 1: 14 366 
800 1277 1. 28 89 4 0.89 .343 1: 9 57 8 1: 19156 

10 00 1596 1.60 1117 1.12 . 27 4 1: 11972 1: 23944 
1200 1915 1.92 1341 1. 34 .228 1: 14 367 1: 28734 
14 00 2 235 2.24 1564 1.56 . 19 6 1: 16 761 1: 3 352 2 
1600 2 5 54 2.55 1788 1. 7 9 .171 1: 19156 1: 38 312 
18 00 28 73 2. 8 7 2011 2. 0 1 . 15 2 1: 21551 1: 4 3102 
20 00 3193 3.19 2235 2.24 .137 l: 2 39 4 5 1: 4 78 9 0 
25 00 39 91 3. 9 9 2794 2.79 .110 1: 29932 1: 5 98 64 
30 00 4 7 89 4. 7 9 335 2 3.35 . 091 1: 3 5918 1: 718 36 
35 00 55 88 5. 5 9 3911 3. 91 .078 1: 419 04 1: 8 380 8 
4000 6386 6.39 4470 4.47 .069 1: 4 7 891 1: 9 5 78 2 
4500 7184 7.18 5029 5.03 .061 1: 5 38 77 1:107754 
5000 7 9 82 7. 9 8 55 88 5. 5 9 .055 1: 59864 1:119728 
55 00 87 81 8. 7 8 614 6 6.15 . 0 5 0 1: 6 58 50 1:131700 
6000 9 5 79 9. 5 8 67 05 6. 7 1 .046 1: 718 36 1:143672 
65 00 10 377 10.38 7264 7.26 . 0 4 2 1: 7 78 23 1:155646 
7000 11176 11.18 7823 7. 8 2 .039 1: 8 3 809 1:167618 
7500 119 7 4 11. 9 7 8382 8. 3 8 .037 l: 8 97 9 6 1:179592 
8000 12772 12. 7 7 89 4 0 8. 9 4 .034 1: 9 57 82 1:191564 
8500 135 7 0 13.57 9499 9.50 .032 1:101768 1:203536 
9000 14 36 9 14. 3 7 l O O 58 10. 0 6 . 0 30 1:107755 1: 2 155 10 
9 5 00 1516 7 15. 1 7 10 617 10. 6 2 .029 1:113741 1:227482 

10 0 00 15 9 65 15. 9 7 11176 11. 18 .027 1:119728 1:239456 
105 0 0 167 64 16. 7 6 11734 11. 7 3 .026 1:125714 1:251428 
11000 17 5 62 1 7. 5 6 12293 12.29 .025 1:131701 1: 2 6 34 0 2 
115 0 0 183 60 18.36 12852 12. 8 5 .024 1:137687 1:275374 
12 000 19158 19.16 13411 13.41 .023 1:143673 1:287346 
12500 19 9 57 19. 9 6 139 7 0 13. 9 7 . 0 22 1:149660 1:299320 
13000 20 7 55 2 0. 7 6 145 28 14. 5 3 .021 1:155646 1:311292 
13500 215 53 21. 5 5 15 0 87 15.09 .020 1:161633 1:323266 
140 0 0 22 352 22.35 15 646 15. 6 5 .020 1:167619 1: 335238 
14 50 0 23150 23.15 16 2 05 16. 2 l . 019 1 : 173605 1:347210 
15 0 00 23948 2 3. 9 5 16 764 16. 7 6 .018 1:179592 1:359184 
15 5 00 24 7 46 2 4. 7 5 17 3 22 17.32 .017 1:185578 1:371157 
16 0 00 25 5 45 25. 5 5 17 881 l 7. 8 8 .017 1:191565 1:383130 
16 5 00 26 3 43 26.34 18440 18. 4 4 .016 1:197551 1:395102 





APPENDIX C 

SUPER-WIDE ANGLE CAMERAS - PRO AND CON 

C.l INTRODUCTION 

In seeking to expand the applications of very small 
scale aerial photography, and to familiarize potential users 
of ERTS satellite data with small scale imagery, CCRS 
operates an airborne program of multispectral data 
acquisition which includes use of super-wide angle air 
survey cameras of approximately 3.5 inches (85-88mrn) focal 
length covering a 9" X 9" (23 cm X 23 cm) format. These 
cameras have a total field of view of about 120 degrees 
across the diagonal, and make it possible for us to secure 
extensive photography at scales smaller than 1: 125,000 frorn 
operating altitudes up to 40,000 feet. 

The obvious advantages of super-wide angle photography 
must be purchased at a price in terms of operating 
limitations. The extremely wide field of view is 
accompanied by off-axis illumination fall-off which results 
in the corners of the photographs receiving much less light 
than the centre. Although we cannot pump more image-forming 
1 i g h t in to th e c or ne r s , w e c an mi n irn i z e th e e f f e c t of 1 en s 
fall-off by using an anti-vignetting filter which attenuates 
the axial illumination wi thout restr ict ing the illumination 
of the corners. To this end we have acquired a special 
minus-blue filter with an unusually heavy anti-vignetting 
coating having an effective filter factor on axis of 3.3X. 
With this filter in place the illumination differences are 
reduced to the point where the corners of the format receive 
about 50 percent of the il luminance available on the axis, 
compared to less than 20 percent with no filter. 
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In photographers' terms, even with the heavy 
anti-vignetting filter in place, there is still a full stop 
difference of exposure between the centre and the corners of 
the format. When using black and white panchromatic 
negative films which afford considerable exposure latitude 
the resulting density variations can be readily compensated 
by dodgi ng a t the pr in ting stage. 

C. 2 I NF RARED COL OUR FILM 

Kodak Aerochrome Infrared Film, type 2443, has proven 
to be one of the most interesting and potentially useful 
photographie materials currently available to users of 
aerial photography in a wide range of disciplines. Its high 
contrast, false colour ren<lition secures good colour 
differentiation between abjects of similar brightness but 
different spectral reflectance which might be difficult to 
separate in a monochrome {black and white) rendition; its 
near infrared sensitivity makes it particularly useful to 
foresters, plant pathologists and bio-scientists generally 
in assessing the distribution of disease, insect 
infestation, moisture stress or other factors affecting the 
vigour of vegetative cover; and the fact that it is always 
used in conjunction with a minus-blue filter means that the 
image suffers less degrad~tion from scattering, 
non-image-forming, short-wavele.ngth radiation than normal 
colour photography when used at very high altitudes. 

The virtues of colour infrared film must also be 
purchased at a price measured not only in dollars*. It has 
less than half the effective film speed of other commonly 
used aeria 1 films, and being a reversal ** material, its 
exposure latitude is limited. It follows that, for optimum 
results, colour infrared film should be used only in a 

*Colour infrared film costs about 60 percent more than 
ordinary colour film and a whole order of magnitude more 
than black and white film. 

**A reversal material is one in which a positive image 
is formed in the original film. (e.g. 35 mm colour slides) 
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camera whose lens di str ibutes illumination evenly over the 
focal plane, and the correct camera exposure must be 
determined within narrow limits. 

C.3 CASCADING LIMITATIONS, OR 2+2F4_ 

Inevitably, many investigators have asked us to use the 
colour infrared film in the super-wide angle camera in order 
to realize the obvious advantages of both. Like all 
marriages between outstanding individuals, this union is 
fraught with pitfalls, and the offspring tend to exacerbate 
the genetic defects of both progenitors, rather than enhance 
their virtues. The resulting photographs may prove 
disappointing to investigators whose expectations may have 
been shaped by having seen impressive infrared colour 
photographs that did not originate in a SWA camera. 

The acc-ompanying diagrarns (Figure 28) are an attempt to 
i 11 ustrate the si tua tion graph ica lly. The central set of 
curves (A) has been plotted from measurements made on the 
sensitometric step-we<lge printed as a routine quality 
control measure on a typical roll of CCRS colour infrared 
film. Densities were measured with a controlled 
photo-electric <lensitorneter fitted with Status A re<l (R}, 
green (G), blue (B) and visual (N) (Wratten #106) filters. 

C .4 CHARACTERISTICS OF THE ORIGINAL FILM --------- ·- - ·- -~-- ·- ·- --- - --- -- - - -·--

The high contrast characteristic of this rnaterial is 
evident from the steep slope of the curves whose average 
gradient exceeds a value of 2. O. The subject brightness 
range which can be accommodated without und~e distortion of 
relative tone or colour values is about 10:l. This 
correlates well with the range likely to be encountered in 
high altitude photography if we exclude such extreme cas e s 
as glaciated, forested rnountains. However this range can be 
accornrnodated at only one optimum level of exposure. More 
exposure would result in loss of highlight details (H} in 
the toe (lower portion) of the curves; less exposure would 
lose information in the darker portions (S) of the scene by 
movin g them farther around on the shoulder of the curve s. 
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The foregoing paragraph assumes no modification of 
apparent brightness across the focal plane due to vignetting 
by the lens or to other effects external to the camera. In 
pho tog rapher s' ter ms, for a s ubj ect of 1 0: 1 brigh tn ess range 
there is no exposure latitude. 

If the same scene is photographed with a super-wide 
angle camera in which the focal plane illumination is 
subject to vignetting, the effective brightness range as 
"seen" by the film is extended so that the brightest areas 
may be "washed out" by over-exposure near the centre while 
the darkest areas are "blocked" by under-exposure in the 
corners. On the illustration, the total effect of 
vignetting equivalent to one full stop has been arbitrarily 
split, with one half applied to the highlight end of the 
brightness range and the other half applied to the shadow 
end. This is tantamount to adjusting the camera èxposure to 
a compromise level whereby the corners are not grossly 
under-exposed and the centre not grossly over-exposed, while 
a maximum near-circular area of the field receives near 
optimum exposure on the straight-line portion of the 
characteristic curves. 

C .5 CHARACTERISTICS OF REPRODUCTIONS -----·- -- ·- -- -------------

When the original film is reproduced, either as a 
transparency viewed by transmitted light on a light-table or 
projected on a screen, or as a paper print viewed by 
reflected light, further distortions of apparent relative 
brightness and colour occur. To examine the qualitative 
nature of these distortions, two reversa! colour prints were 
made frorn the original film, one on transparent colour copy 
film and one on colour paper. 

Since the printing process is one in which the original 
image modulates the input to the print, the process is 
represented g raphically by projecting points on the original 
curves (A) to the resulting density levels of corresponùing 
p o i nts in the reproductive graphs (B & C). The density axis 
of the original becomes the relative log exposure axis of 
the reproduction. It is apparent that the two reproductions 
a r e q uite d ifferent from ea c h other, and that both differ 
f rom th e or i g in a 1, t h e d i f f e re n ces a r i s in g fr o m th e 
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non-linearity of the various characteristic curves. 

The transparent reproduction records the full range of 
useful densities present in the original film, but the 
relative amounts of the different colours (colour balance) 
is altered. The balance may be re-adjusted by the use of 
correction filters in printers but an exact restoration is 
extremely e 1 us ive. 

Th e 1 i mit e d dy n am i c rang e o f th e r e f l e c t ion p r in t i s 
incapable of reproducing the full range of densities of the 
original transparency. This circumstance is due in part to 
the fact that the light by which one perceives a reflection 
print must pass twice through the emulsion layers and be 
reflected from the base before being received by the eye or 
measured by a reflection densitometer. 

C.6 SUMMARY -----

The combination of the super-wide angle camera and 
colour infrared reversa! film is undoubtedly useful for 
qualitative exarnination over a broad area of a number of 
phenomena of considerable economic significance. But 
quantitative determinations involving colorimetry, 
density-slicing, or other techniques which assume that a 
given tone or colour will bear a unique significance 
regardless of its position in the field of view or on the 
scale of brightness, should either employ other sensors or 
be supplernented by complex correction prograrns assurning a 
knowledge of parameters which will be difficult to evaluate. 
And the further one is rernoved from the original, the more 
questionable are the results. 
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l ... PPENDIX D 

IMAGE MOTION TABLES ------ - - - -- ·- ·- --- ---- -

The following tables list the amount of movement of the 
image across the focal plane of the camera resulting from 
the forward motion of the aircraft. It is directly 
proportional to the camera focal len g th, aircraft velocity 
and shutter speed, and inversely proportional to height 
a bov e g rou ncl. 

It should be noted that additional image motion effects 
may be caused by the rotational movement of the aircraft; 
i.e. pitch, roll and yaw. These effects do not vary with 
heig h t a bo ve ground. 

A pitch or roll of one degree per second at any 
altitude produces approximately the same image motion as a 
forward velocity of 207 knots at 20,000 feet AGL or 414 
knots at 40,000 feet AGL. Aircraft vibration is usually the 
limiting factor affecting image motion. 

In the 
mi 11 imetres. 

fol low ing tables, the image motion is in 
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IMAGE MOTION 

Foca 1 Le ng th 3. 4 7 Inches RC-10 
Shutter Speed 1/ 100th of a Second 

Ground Speed ( Knots) 
Height 100 150 2 00 250 300 350 400 

(F t) 
100 0 . 14 88 6 . 2 2 32 8 .29771 . 3 7 21 4 .44657 . 5 20 9 9 .59542 
2000 . 0 74 4 3 .11164 . 1488 6 .18607 • 2 2 32 8 . 2 6 05 0 • 2 9 77 1 
3000 . 0 49 6 2 . 0 74 4 3 . 0 99 2 4 . 12405 . 14 88 6 . 1 7 36 6 .19847 
4000 . 0 37 21 . 0 55 8 2 . 0 74 4 3 .09303 . 11164 • 1302 5 • 14 88 6 
5000 . 0 29 7 7 .04466 .05954 . 0 7 44 3 .08931 .10420 .11908 
6 0 0 0 • 0 24 81 • 0 37 21 .04962 • 0 6 20 2 .07443 • 0 8 68 3 .09924 
7000 • 0 21 2 7 • 0 319 0 .0425.3 . 0 5316 .06380 • 0 74 4 3 • 0 85 0 6 
8 0 00 . 0 18 61 .02791 .03721 • 0 4 65 2 • 0 5 58 2 • 0 6 51 2 . 0 7 44 3 
9000 . 0 16 5 4 • 0 24 81 . 0 33 0 8 .04135 .04962 . 0 5 78 9 • 0 6 61 6 

1000 0 . 0 14 8 9 . 0 22 3 3 • 0 29 7 7 .03721 • 0 4 4 66 . 0 5 21 0 .05954 
110 0 0 . 0 13 5 3 .02030 . 0 27 0 6 • 0 33 8 3 . 0 4 06 0 .04736 . 0 5 413 
120 0 0 . 0 12 4 0 .01861 • 0 24 81 . 03101 . 0 37 21 .04342 . 0 4 9 62 
13000 . 0 114 5 .01718 . 0 2 29 0 . 0 28 6 3 • 0 3 43 5 .04008 . 0 45 8 0 
140 0 0 . 0 10 6 3 . 0 15 9 5 .02127 . 0 26 5 8 .03190 . 0 37 21 .04253 
150 0 0 .00992 .01489 .01985 . 0 24 81 . 0 29 7 7 . 0 34 7 3 . 0 39 6 9 
160 0 0 .00930 . 0 139 6 .01861 .02326 . 0 27 91 . 0 32 5 6 . 0 37 21 
17000 . 0 0 87 6 . 0 131 3 .01751 . 0 2189 .02627 • 0 30 6 5 • 0 35 0 2 
180 0 0 .00827 . 0 12 4 0 • 0 16 5 4 . 0 20 6 7 . 0 24 81 . 0 28 9 4 .03308 
19 0 0 0 . 0 07 8 3 .01175 . 0 15 6 7 .01959 .02350 .02742 .03134 
2 00 0 0 . 0 07 4 4 .01116 . 0 14 8 9 . 0 18 61 . 0 22 3 3 .02605 . 0 29 7 7 
210 0 0 .00709 . 0 10 6 3 . 0 14 18 .01772 . 0 2127 . 0 2 481 .02835 
2 20 0 0 . 0 06 7 7 .01015 • 0 13 5 3 . 0 16 9 2 • 0 20 3 0 .0236B . 0 27 0 6 
2 30 0 0 . 0 06 4 7 . 0 09 71 . 0 12 9 4 .01618 • 0 19 4 2 • 0 2 26 5 .02589 
2 4 00 0 . 0 0 62 0 . 0 09 3 0 • 0 12 4 0 . 0 15 51 .01861 . 0 21 71 . 0 24 81 
2 50 0 0 . 0 0 59 5 . 0 0 89 3 . 0 119 1 . 0 14 8 9 .01786 .02084 .02382 
2 60 0 0 . 0 05 7 3 .00859 . 0 114 5 • 0 14 31 .01718 . 0 20 0 4 . 0 22 9 0 
2 70 0 0 . 0 05 51 . 0 08 2 7 .01103 .01378 . 0 16 5 4 . 0 19 3 0 .02205 
2 80 0 0 . 0 05 3 2 .00797 .01063 . 0 13 29 . 0 15 9 5 . 0 18 61 .02127 
29000 • 0 05 13 . 0 07 7 0 . 0 102 7 . 0 12 8 3 . 0 15 4 0 .01797 .02053 
3 00 0 0 . 0 04 9 6 .00744 . 0 09 9 2 . 0 12 4 0 . 0 14 8 9 .01737 .01985 
310 0 0 • 0 0 48 0 • 0 07 2 0 .00960 .01200 . 0 14 41 . 0 16 81 • 0 19 21 
3 20 0 0 . 0 04 6 5 . 0 06 9 8 . 0 09 3 0 .01163 .01396 .01628 . 0 18 61 
3 30 0 0 . 0 04 51 . 0 06 7 7 • 0 09 0 2 . 0 112 8 .01353 .01579 .01804 
3 40 0 0 . 0 04 3 8 .00657 . 0 08 7 6 .01095 . 0 1313 . 0 15 3 2 .01751 
3 50 0 0 . 0 04 2 5 .00638 .00851 .01063 • 0 12 7 6 . 0 14 8 9 .01701 
3 60 0 0 . 0 04 13 . 0 06 2 0 . 0 08 2 7 • 0103 4 . 0 124 0 • 0 144 7 • 0 165 4 
3 70 0 0 .00402 .00603 . 0 08 0 5 . 0 10 0 6 . 0 12 0 7 • 0 14 0 8 .01609 
3 80 0 0 . 0 0 39 2 . 0 05 8 8 . 0 0 78 3 . 0 09 7 9 .01175 .01371 • 0 15 6 7 
39000 .00382 . 0 05 7 3 . 0 07 6 3 .00954 . 0114 5 .01336 .01527 
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IMAGE MO'rION 

Foca 1 Le ngth 6. 0 0 Inches RC-8 
Shut ter Speed 1/ 10 0t h of a Second RC-10 

Ground Speed ( Knots) 
Height 100 150 200 250 3 0 0 350 400 

( Ft) 
1000 .25739 .38608 .51477 . 6 4 34 7 . 7 7 21 6 . 9 0 08 5 1. 0 29 55 
20 00 . 12869 . 19 30 4 .25739 • 3217 3 . 3 8 60 8 .45043 .51477 
30 0 0 . 0 85 8 0 . 12869 .17159 . 2 14 4 9 • 2 5 7 39 . 3 0 02 8 . 3 4 318 
4 0 00 • 0 64 3 5 .09652 . 1 28 6 9 . 1608 7 . 19 30 4 .22521 .25739 
5000 . 0 51 4 8 .07722 . 1029 5 . 12869 . 15443 . 1801 7 . 2 0 59 1 
6000 . 0 42 9 0 .06435 . 0 8 58 0 .10724 .12869 . 15 014 .17159 
7000 .03677 . 0 55 15 .07354 .09192 . 110 31 .12869 .14708 
80 00 . 0 32 1 7 .04826 . 0 64 3 5 . 0 80 4 3 . 0 9 65 2 .11261 .12869 
9 0 00 . 0 28 6 0 . 0 4 29 0 .05720 .07150 .08580 .10009 .11439 

l 00 0 0 . 0 25 7 4 . 0 38 61 • 0 514 8 . 0 64 3 5 .07722 . 0 9 00 9 . 1029 5 
110 0 0 . 0 23 4 0 . 0 35 1 0 .04680 . 0 58 5 0 . 0 70 2 0 • 0 819 0 . 0 9 3 60 
120 0 0 • 0 214 5 . 0 321 7 . 0 4 29 0 .05362 . 0 64 3 5 . 0 75 0 7 .08580 
130 0 0 . 0 19 8 0 . 0 29 7 0 . 0 39 6 0 .04950 . 0 59 4 0 . 0 69 3 0 .07920 
14 00 0 .01838 .02758 .03677 . 0 45 9 6 . 0 55 15 . 0 64 3 5 .07354 
150 0 0 .01716 . 0 25 7 4 . 0 34 3 2 .04290 . 0 514 8 • 0 6 00 6 .06864 
160 0 0 . 0 160 9 . 0 2 41 3 .03217 .04022 .04826 • 0 56 3 0 . 0 64 3 5 
17000 . 0 15 14 . 0 22 71 . 0 30 2 8 . 0 37 8 5 .04542 .05299 .06056 
180 0 0 . 0 14 3 0 .02145 . 0 28 6 0 . 0 35 7 5 .04290 . 0 50 0 5 .05720 
19000 .01355 .02032 • 0 27 0 9 . 0 33 8 7 .04064 .04741 .05419 
2 00 0 0 . 0 12 8 7 . 0 19 3 0 . 0 25 7 4 . 0 321 7 . 0 38 61 . 0 4 50 4 . 0 514 8 
210 00 . 0 12 2 6 . 0 18 3 8 . 0 24 51 . 0 30 6 4 . 0 36 7 7 .04290 .04903 
2 20 0 0 .01170 .01755 . 0 23 4 0 . 0 29 2 5 . 0 35 10 .04095 .04680 
2 30 0 0 .01119 .01679 .02238 . 0 27 9 8 .03357 . 0 39 17 .04476 
2 40 0 0 .01072 .01609 . 0 214 5 . 0 26 81 .03217 .03754 . 0 4 29 0 
2 50 0 0 .01030 .01544 .02059 . 0 25 7 4 . 0 30 8 9 . 0 36 0 3 .04118 
2 60 00 . 0 09 9 0 . 0 14 8 5 .01980 . 0 24 7 5 . 0 29 7 0 . 0 34 6 5 . 0 39 6 0 
27000 . 0 09 5 3 . 0 14 3 0 . 0 19 0 7 . 0 2 38 3 . 0 2 8 60 .03336 .03813 
2 8 00 0 . 0 09 19 .01379 .01838 . 0 22 9 8 . 0 27 5 8 . 0 321 7 • 0 36 7 7 
29000 . 0 08 8 8 .01331 .01775 . 0 22 19 . 0 26 6 3 .03106 . 0 35 5 0 
3 00 0 0 . 0 08 5 8 .01287 .01716 . 0 214 5 .02574 .03003 .03432 
310 0 0 . 0 08 3 0 . 0 12 4 5 .01661 . 0 20 7 6 . 0 24 91 . 0 29 0 6 .03321 
3 200 0 . 0 0 80 4 .01207 .01609 .02011 . 0 24 l 3 . 0 28 15 . 0 3217 
3 30 0 0 . 0 07 8 0 .01170 . 0 15 6 0 . 0 19 5 0 .02340 . 0 27 3 0 . 0 3120 
3 40 00 . 0 07 5 7 .01136 . 0 15 14 . 0 18 9 3 . 0 22 71 . 0 26 5 0 .03028 
3 50 0 0 . 0 07 3 5 . 0 110 '3 . 0 14 71 . 0 18 3 8 . 0 22 0 6 . 0 25 7 4 .02942 
3 60 0 0 . 0 0715 . 0 l 07 2 .01430 .01787 . 0 214 5 . 0 25 0 2 . 0 28 6 0 
37000 . 0 06 9 6 .01043 .01391 . 0 17 39 . 0 20 8 7 . 0 24 3 5 .02783 
3 80 0 0 . 0 0 67 7 .01016 . 0 135 5 .01693 .02032 .02371 . 0 27 0 9 
39000 . 0 0 66 0 . 0 09 9 0 . 0 132 0 .01650 . 0 19 8 0 .02310 . 0 26 4 0 
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IMAGE MO,.fION 

Foca 1 Le ngt h 1.50 Inches VINT EN 
Shutter Speed 1/ 50 0th of a Second 

Ground Speed ( Knots) 
Height 10 0 150 200 250 300 350 400 

{F t) 
1000 • 0 128 7 .01930 .02574 • 0 3 21 7 • 0 3 861 • 0 45 0 4 .05148 
2000 .00643 .00965 • 0128 7 • 0160 9 .01930 • 0 2 25 2 . 02574 
3000 • 0 04 2 9 • 0 06 4 3 • 0 08 5 8 . 0 10 7 2 . 0 12 8 7 . 0 1501 .01716 
4 0 00 .00322 .00483 • 0 0 64 3 .00804 .00965 .01126 • 0128 7 
5000 • 0 02 5 7 .00386 • 0 05 15 • 0 06 4 3 .00772 .00901 .01030 
6 0 00 • 0 02 14 . 0 0 32 2 • 0 0 42 9 • 0 0 53 6 . 0 0 64 3 . 0 0 75 1 • 0 0 85 8 
7000 • 0 0184 • 0 0 27 6 . 0 0 36 8 .00460 . 0 0 55 2 . 0 0 64 3 .00735 
8000 .00161 • 0 02 41 .00322 • 0 04 0 2 . 0 04 8 3 . 0 05 6 3 • 0 06 4 3 
9 0 00 • 0 01 4 3 . 0 0 214 • 0 0 28 6 . 0 0 35 7 .00429 .00500 .00572 

1000 0 • 0 0129 . 0 019 3 . 0 02 5 7 .00322 .00386 • 0 04 5 0 • 0 05 15 
11000 . 0 0117 .00175 .00234 • 0 0 29 2 . 0 0 35 1 • 0 0 40 9 . 0 0 46 8 
1200 0 . 0 01 0 7 . 0 01 61 . 0 02 14 • 0 02 6 8 .00322 . 0 0 37 5 .00429 
1300 0 . 0 00 9 9 • 0 014 8 . 0 019 8 . 0 02 4 7 • 0 02 9 7 .00346 .00396 
140 0 0 • 0 0 09 2 • 0 0138 . 0 0184 . 0 02 3 0 . 0 02 7 6 .00322 .00368 
150 0 0 • 0 0 08 6 • 0012 9 .00172 • 0 0214 . 0 02 5 7 .00300 .00343 
160 0 0 . 0 00 8 0 • 0 01 21 . 0 01 61 . 0 02 0 l . 0 02 41 . 0 02 8 2 .00322 
17000 . 0 00 7 6 .00114 • 0015 1 • 0018 9 • 0 0 22 7 . 0 0 26 5 • 0 0 30 3 
18 00 0 . 0 0 07 l .00107 • 0014 3 • 0 0179 .00214 . 0 02 5 0 .00286 
19 0 0 0 • 0 00 6 8 . 0010 2 .00135 • 0016 9 • 0 0 20 3 • 0 0 23 7 • 0 0 27 1 
2 00 00 • 0 0 06 4 . 0 0 09 7 • 0012 9 . 0 01 61 .00193 .00225 .00257 
210 00 .00061 . 0 00 9 2 • 0 0123 • 0 015 3 . 0 018 4 • 0 0214 . 0 0 24 5 
2 20 0 0 . 0 00 5 8 • 0 00 8 8 . 0 011 7 • 0 014 6 .00175 .00205 .00234 
2 30 00 . 0 00 5 6 • 0 00 8 4 • 0 0112 . 0 0140 . 0 0168 . 0019 6 . 0 0 22 4 
2 40 0 0 . 0 00 5 4 • 0 00 8 0 • 0 0107 .00134 . 0 0161 . 0 018 8 . 0 0 214 
25000 • 0 00 51 . 0 00 7 7 • 0 01 0 3 .00129 • 0 015 4 .00180 .00206 
2 60 0 0 .00049 .00074 .00099 .00124 . 00148 .00173 . 0019 8 
27000 . 0 00 4 8 . 0 00 71 . 0 00 9 5 • 0 0119 • 0 01 4 3 .00167 • 0 01 91 
28000 . 0 00 4 6 .00069 . 0 00 9 2 • 0 0115 • 0 0138 . 0 01 61 .00184 
29000 . 0 00 4 4 .00067 . 0 00 8 9 .00111 .00133 . 0015 5 .00178 
3 0 00 0 . 0 0 04 3 .00064 .00086 • 0 0107 .00129 .00150 . 0 0172 
31000 • 0 00 4 2 . 0 00 6 2 . 0 00 8 3 • 00104 .00125 . 0014 5 .00166 
3 200 0 . 0 0 04 0 .00060 . 0 00 8 0 .00101 .00121 .00.141 .00161 
3 30 0 0 . 0 00 39 • 0 00 5 8 . 0 o,o 7 8 . 0 00 9 7 .00117 .00136 . .00156 
3 40 0 0 .00038 . 0 00 5 7 • 0 00 7 6 . 0 00 9 5 .00114 .00132 .00151 
3 50 0 0 .00037 . 0 00 5 5 . 0 00 7 4 . 0 0 09 2 .00110 . 0012 9 • 0 0 14 7 
3 6 00 0 .00036 .00054 . 0 00 71 . 0 00 8 9 .00107 • 0012 5 . 0014 3 
37000 .00035 .00052 . 0 0 07 0 . 0 0 08 7 .00104 . 0012 2 .00139 
3 8 00 0 . 0 00 3 4 . 0 00 51 . 0 00 6 8 • 0 0 08 5 • 0010 2 .00119 .00135 
3 9 00 0 .00033 .00049 . 0 00 6 6 . 0 00 8 2 • 0 00 9 9 .00115 .00132 
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IMAGE MO'rION 

Foca 1 Le ngt h 3. 0 0 Inches VINTEN 
Shutter Speed 1/ 5 0 0th of a Second 

Ground Speed ( Knots) 
Height l 00 150 200 25 0 300 35 0 4 00 

(F t) 
1000 .02574 . 0 3 861 . 0514 8 .06435 .07722 .09009 . 1029 5 
2000 . 0 12 8 7 .01930 .02574 • 0 3 21 7 . 0 3 861 . 0 4 50 4 • 0 514 8 
3000 • 0 08 5 8 • 0 12 8 7 .01716 . 0 2145 • 0 25 7 4 • 0 30 0 3 . 0 34 3 2 
4 0 00 . 0 06 4 3 .00965 . 0 128 7 .01609 .01930 • 0 2 25 2 .02574 
5000 . 0 05 15 . 0 07 7 2 . 0 10 3 0 • 0 128 7 .01544 .01802 . 0 2 05 9 
6000 . 0 04 2 9 • 0 06 4 3 . 0 08 5 8 • 0 10 7 2 . 0 12 8 7 • 0 15 0 l .01716 
7 0 00 .00368 • 0 0 55 2 .00735 .00919 .01103 • 0 128 7 .01471 
8000 . 0 03 2 2 . 0 04 8 3 . 0 06 4 3 • 0 08 0 4 • 0 09 6 5 .01126 • 0 12 8 7 
9 0 00 • 0 02 8 6 .00429 .00572 .00715 • 0 0 85 8 • 0 l 00 l . 0 114 4 

l 00 0 0 . 0 0 25 7 .00386 • 0 05 15 • 0 06 4 3 • 0 07 7 2 .00901 .01030 
110 0 0 • 0 02 3 4 .00351 . 0 04 6 8 . 0 05 8 5 . 0 07 0 2 • 0 08 19 .00936 
120 0 0 . 0 0 21 4 .00322 • 0 04 29 • 0 05 3 6 .00643 .00751 .00858 
130 0 0 . 0 019 8 . 0 02 9 7 .00396 . 0 04 9 5 .00594 • 0 0 69 3 • 0 0 79 2 
140 0 0 . 0 0184 • 0 02 7 6 .00368 . o' 04 6 0 . 0 05 5 2 . 0 06 4 3 . 0 0 7 35 
150 0 0 .00172 .00257 .00343 • 0 04 2 9 .00515 • 0 06 0 l .00686 
160 0 0 . 0 01 61 . 0 02 4 l .00322 • 0 04 0 2 • 0 04 8 3 . 0 05 6 3 .00643 
1700 0 .00151 . 0 02 2 7 .00303 . -0 0 3 7 9 . 0 04 5 4 .00530 . 0 0 60 6 
180 0 0 . 0 014 3 . 0 0 21 4 • 0 0 28 6 .00357 . 0 04 2 9 . 0 05 0 0 . 0 05 7 2 
19 0 0 0 . 0 01 3 5 .00203 • 0 0 27 1 .00339 .00406 .00474 • 0 0 54 2 
2 0 00 0 .00.129 . 0 01 9 3 . 0 02 5 7 • 0 03 2 2 • 0 0 38 6 . 0 0 45 0 .00515 
2100 0 .00123 .00184 . 0 02 4 5 .00306 .00368 • 0 04 2 9 . 0 04 9 0 
2 20 0 0 • 0 011 7 • 0 0175 . 0 02 3 4 . 0 02 9 2 .00351 . 0 04 0 9 . 0 04 6 8 
2 30 0 0 . 0 0112 .00168 .00224 . 0 02 8 0 .00336 . 0 03 9 2 • 0 0 4 48 
2 40 0 0 . 0 0107 • 0 01 61 . 0 0214 . 0 02 6 8 .00322 .00375 . 0 0 4 29 
2 50 0 0 . 0 010 3 . 0 0154 • 0 0 20 6 .00257 .00309 .00360 • 0 04 12 
2 60 0 0 • 0 00 9 9 . 0 014 8 .00198 . 0 0 24 7 . 0 0 2 97 • 0 0 34 6 . 0 0 39 6 
2 70 0 0 . 0 00 9 5 .00.143 • 0 0191 .00238 . 0 0 28 6 . 0 0 33 4 . 0 0 381 
2 8 00 0 • 0 00 9 2 .00138 . 0 018 4 .00230 .00276 .00322 . 0 0 3 68 
2 90 0 0 • 0 00 8 9 . 0 0133 • 0 0178 . 0 02 2 2 . 0 02 6 6 . 0 0 311 . 0 0 35 5 
3 00 0 0 . 0 00 8 6 .00129 .00172 . 0 02 14 • 0 02 5 7 .00300 .00343 
310 0 0 . 0 00 8 3 .00125 . 0 01 6 6 .00208 .00249 .00291 . 0 0 3 32 
3 20 0 0 .00080 .00121 .00161 • 00201 .00241 . 0 02 8 2 .00322 
3 30 0 0 . 0 00 7 8 . 0 0.11 7 • 0 015 6 . 0 0195 .00234 .00273 . 0 0 31 2 
3 4 00 0 . 0 0 07 6 • 0 0114 .00151 .00.189 . 0 02 2 7 .00265 .00303 
3 50 0 0 . 0 00 7 4 .00110 .00147 . 0018 4 .00221 . 0 0 25 7 . 0 0 29 4 
3 6 00 0 .00071 .00107 . 0 0143 .00179 .00214 . 0 0 25 0 . 0 0 28 6 
3 70 0 0 . 0 00 7 0 .00104 .00139 .00174 .00209 . 0 0 24 3 . 0 0 27 8 
3 8 00 0 .00068 .00102 .00135 . 0 0169 .00203 .00237 .00271 
3 90 0 0 .00066 . 0 00 9 9 .00132 .00165 . 0 01 9 8 .00231 .00264 



IMAGE _ MOTION TABLES Page D-6 

IMAGE MOTION 

Foca 1 Le ngt h 6. 0 0 Inches VINT EN 
Shutter Speed 1/ 5 00th of a Second 

Ground Speed ( Knots) 
Height l 00 150 2 00 250 3 00 350 400 

(F t) 
100 0 • 0 514 8 .07722 . l O 29 5 • 128 6 9 • l 54 4 3 • l 80 l 7 • 2 05 91 
2000 . 0 25 7 4 .03861 . 0 514 8 .06435 .07722 • 0 9 00 9 . l O 29 5 
30 0 0 .01716 .02574 .03432 • 0 4 29 0 • 0 514 8 • 0 6 00 6 . 0 68 6 4 
4 0 00 . 0 12 8 7 . 0 19 3 0 • 0 25 7 4 . 0 3 21 7 .03861 . 0 4 50 4 • 0 514 8 
5000 .01030 . 0 15 4 4 . 0 2 05 9 • 0 25 7 4 .03089 .03603 .04118 
6 0 00 . 0 08 5 8 • 0 128 7 .01716 • 0 214 5 .02574 • 0 3 00 3 .03432 
7000 . 0 07 3 5 .01103 . 0 14 71 .01838 .02206 .02574 .02942 
8 0 00 . 0 06 4 3 .00965 . 0 128 7 • 0 160 9 .01930 . 0 2 25 2 .02574 
9000 . 0 05 7 2 • 0 0 8 58 • 0 114 4 .01430 .01716 . 0 2 00 2 . 0 2 28 8 

l O 00 0 • 0 05 15 • 0 07 7 2 .01030 . 0 12 8 7 • 0 15 4 4 .01802 • 0 2 05 9 
110 0 0 • 0 04 6 8 . 0 07 0 2 • 0 09 3 6 .01170 • 0 14 0 4 .01638 .01872 
120 0 0 . 0 04 2 9 • 0 06 4 3 . 0 08 5 8 • 0 10 7 2 . 0 12 8 7 . 01501 .01716 
l 30 0 0 .00396 • 0 05 9 4 . 0 07 9 2 • 0 09 9 0 .01188 . 0 1 38 6 . 0158 4 
140 0 0 • 0 03 6 8 • 0 05 5 2 • 0 07 3 5 . 0 09 19 .01103 . 0 128 7 .01471 
150 0 0 .00343 • 0 05 15 . 0 06 8 6 . 0 08 5 8 . 0 10 3 0 . 0 12 0 l .01373 
16000 .00322 • 0 0 48 3 . 0 0 64 3 • 0 0 80 4 .00965 • 0 112 6 .01287 
17000 .00303 . 0 04 5 4 • 0 06 0 6 . 0 07 5 7 . 0 09 0 8 • 0 10 6 0 . 0 12 11 
18000 • 0 02 8 6 .00429 .00572 .00715 • 0 0 85 8 .01001 . 0 114 4 
19000 • 0 0 27 l • 0 0 40 6 . 0 0 54 2 . 0 06 7 7 .00813 • 0 09 4 8 .01084 
2 00 0 0 . 0 02 5 7 . 0 03 8 6 • 0 05 15 . 0 0 64 3 . 0 0 77 2 .00901 .01030 
2100 0 . 0 02 4 5 .00368 . 0 04 9 0 • 0 061 3 • 0 0 7 35 • 0 0 85 8 .00981 
2 20 0 0 .00234 .00351 . 0 04 6 8 . 0 05 8 5 . 0 07 0 2 • 0 08 19 . 0 09 3 6 
2 30 0 0 • 0 02 2 4 .00336 . 0 04 4 8 • 0 05 6 0 .00671 .00783 . 0 0 89 5 
2 40 0 0 . 0 02 14 .00322 . 0 04 29 . 0 05 3 6 .00643 .00751 . 0 0 85 8 
25 0 0 0 . 0 02 0 6 .00309 . 0 04 12 .00515 . 0 0 618 .00721 .00824 
2 600 0 . 0 019 8 • 0 02 9 7 .00396 . 0 04 9 5 .00594 . 0 06 9 3 .00792 
27000 .00191 • 0 02 8 6 .00381 • 0 04 7 7 • 0 05 7 2 • 0 06 6 7 • 0 07 6 3 
2 80 0 0 . 0 018 4 . 0 02 7 6 .00368 .00460 . 0 0 55 2 • 0 0 64 3 .00735 
2 9 00 0 . 0 0178 • 0 02 6 6 .00355 . 0 04 4 4 . 0 05 3 3 .00621 .00710 
3 00 0 0 .00172 .00257 .00343 . 0 04 29 . 0 05 15 • 00601 .00686 
310 0 0 . 0 0166 .00249 .00332 • 0 0415 • 0 04 9 8 • 0 05 81 .00664 
32 000 .00161 .00241 . 0 0 32 2 . 0 0 40 2 • 0 0 48 3 . 0 0 56 3 • 0 0 64 3 
3 3 00 0 . 0 0156 . 0 02 3 4 .00_312 • 0 0 39 0 • 0 0 46 8 .00546 . .00624 
3 4 00 0 .00151 .00227 . 0 03 0 3 • 0 03 7 9 . 0 04 5 4 • 0 05 3 0 • 0 06 0 6 
3 50 0 0 .00147 .00221 • 0 0 29 4 • 0 0 36 8 • 0 0 44 l .00515 . 0 0 58 8 
3 6 0 0 0 .00143 . 0 0214 • 0 02 8 6 . 0 03 5 7 • 0 04 2 9 . 0 05 0 0 . 0 05 7 2 
37 0 0 0 .00139 • 0 0 20 9 . 0 0 27 8 . 0 0 34 8 .00417 .00487 . 0 0 55 7 
3 8 0 0 0 .00135 .00203 .00271 .00339 . 0 04 0 6 . 0 04 7 4 . 0 05 4 2 
39 0 0 0 .00132 .00198 .00264 .00330 . 0 0 39 6 .00462 .00528 



IMAGE MOTION TABLES Page D-7 

IMAGE MOTION 

Foca 1 Length 1. 5 7 Inches HASSEL BLAD 
Shutter Speed li 5 00th of a Second 

Ground Speed ( Knots) 
Heigh t 100 15 0 200 25 0 300 35 0 400 

(F t) 
100 0 . 0 135 1 .02027 .02702 . 0 3 37 8 . 0 4 05 3 .04729 . 0 54 0 4 
20 00 . 0 06 7 6 .01013 . 0 1.3 51 . 0 16 8 9 .02027 .02364 . 0 2 7 02 
30 00 . 0 04 5 0 • 0 0 67 6 .00901 .01126 • 0 135 1 .01576 .01801 
4000 .00338 . 0 05 0 7 • 0 06 7 6 . 0 0 84 4 .01013 . 0118 2 • 0 l 35 l 
5000 . 0 0 27 0 . 0 04 0 5 . 0 05 4 0 • 0 06 7 6 . 0 0811 .00946 .01081 
60 00 • 0 02 2 5 .00338 .00450 . 0 0 56 3 . 0 0 67 6 .00788 .00901 
7000 . 0 019 3 . 0 0 29 0 • 0 0 38 6 . 0 0 48 3 .00579 . 0 0 67 6 .00772 
80 00 .00169 • 0 0 25 3 .00338 . 0 0 42 2 .00507 . 0 0 59 1 .00676 
9 0 00 . 0 0150 . 0 02 2 5 .00300 .00375 . 0 04 5 0 . 0 05 2 5 • 0 0 6 00 

l 00 0 0 .00.135 . 0 02 0 3 . 0 02 7 0 .00338 . 0 0 40 5 .00473 . 0 0 54 0 
1100 0 • 0012 3 . 0018 4 . 0 02 4 6 .00307 .00368 . 0 04 3 0 • 0 04 91 
120 0 0 . 0 011 3 .00169 . 0 02 2 5 • 00281 .00338 .00394 • 0 0 4 50 
130 0 0 . 0 0104 . 0 0156 • 0 02 0 8 . 0 02 6 0 .00312 .00364 • 0 04 16 
.14000 • 0 00 9 7 . 0014 5 .00193 . 0 0 24 l . 0 0 29 0 . 0 0 33 8 . 0 0 38 6 
150 0 0 . 0 0 09 0 . 0 0135 .00180 • 0 02 2 5 • 0 02 7 0 .00315 .00360 
.16000 . 0 00 8 4 .00127 . 0016 9 . 0 0 211 • 0 0 25 3 . 0 0 29 6 .00338 
17000 . 0 0 07 9 • 0 0119 . 0 0159 . 0 01 9 9 .00238 • 0 02 7 8 .00318 
180 0 0 . 0 0 07 5 .00113 .00150 • 0 0188 .00225 .00263 . 0 0 3 00 
19000 . 0 00 71 • 0 0107 . 0 0142 . 0 0178 . 0 021 3 .00249 .00284 
2 00 00 . 0 00 6 8 .00101 .00135 .00169 • 0 02 0 3 . 0 0 23 6 . 0 0 27 0 
2100 0 . 0 00 6 4 • 0 00 9 7 • 0 01 29 .00161 .00193 .00225 .00257 
2 20 00 . 0 0 061 . 0 0 09 2 . 0 0123 • 0 015 4 .00184 . 0 02 15 .00246 
2 30 0 0 . 0 00 5 9 • 0 00 8 8 . 0 011 7 . 0 014 7 .00176 .00206 . 0 0 2 35 
2 40 00 • 0 0 05 6 . 0 0 08 4 • 0 011 3 • 0 01 41 . 0 0169 . 0 019 7 .00225 
25000 . 0 00 5 4 .00081 .00108 .00135 • 0016 2 .00189 .00216 
2 60 0 0 • 0 0 05 2 .00078 . 0 0104 . 0 01 3 0 . 0 015 6 .00182 .00208 
27 000 . o oo 5 o· . 0 0 07 5 .00100 • 0012 5 .00150 .00175 .00200 
2 8 00 0 • 0 00 4 8 . 0 00 7 2 . 0 00 9 7 . 0012 l .00145 . .00169 .00193 
2 9 00 0 . 0 00 4 7 . 0 00 7 0 • 0 00 9 3 .00116 .00140 .00163 .00186 
3 0 00 0 . 0 00 4 5 . 0 00 6 8 . 0 00 9 0 . 0 01 l 3 .00135 .00158 .00180 
310 00 . 0 00 4 4 . 0 00 6 5 .00087 .00109 .00131 .00153 .00174 
3 20 00 . 0 00 4 2 . 0 00 6 3 . 0 00 8 4 .00106 . 00127 . 0014 8 .00169 
3 3 00 0 . 0 00 41 . 0 00 61 . 0 00 8 2 .00102 .00123 .00143 . 0 0 164 
3 40 0 0 . 0 00 4 0 .00060 . 0 00 7 9 . 0 0 09 9 .00119 .00139 .00159 
3 5 00 0 .00039 .00058 .00077 . 0 00 9 7 . 0 0116 . 0 0135 .00154 
3 60 0 0 .00038 • 0 00 5 6 • 0 00 7 5 . 0 00 9 4 .00113 .0013.l . 0015 0 
3 7 00 0 .00037 • 0 00 5 5 .00073 . 0 00 91 . 0 0110 . 0 0128 .00146 
38 000 . 0 00 3 6 . 0 0 05 3 . 0 0 07 1 • 0 0 08 9 .00107 .00124 . 0 0 14 2 
39000 . 0 00 3 5 . 0 00 5 2 . 0 00 6 9 . 0 00 8 7 .00104 .00121 .00139 
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IMAGE MOTION 

Focal Length 3. 15 I nche s HASSELBLAD 
Shutter Speed 1/ 5 0 0th of a Seconù 

Ground Speed { Knots) 
Height 100 150 200 250 30 0 3 50 400 

(F t) 
1000 .02702 • 0 4 05 3 .05404 . 0 6 75 6 • 0810 7 • 0 9 45 8 .10809 
20 00 .01351 . 0 20 2 7 . 0 27 0 2 .03378 .04053 .04729 • 0 54 0 4 
30 00 • 0 0901 • 0 1 351 .01801 . 0 2 25 2 .02702 . 0 315 3 .03603 
4000 . 0 06 7 6 .01013 . 0 l 35 l . 0 168 9 • 0 2 02 7 . 0 2 36 4 .02702 
5000 • 0 05 4 0 . 0 08 11 . 0108 1 . 0 1 35 l • 0 162 l . 0 189 2 . 0 216 2 
6000 . 0 04 5 0 . 0 06 7 6 . 0 09 01 .01126 . 0 13 51 • 0 15 7 6 . 01801 
7 0 00 . 0 03 8 6 .00579 .00772 .00965 . 0 115 8 • 0 135 l • 0154 4 
8000 .00338 . 0 0 50 7 • 0 0 67 6 • 0 0 84 4 • 0101 3 • 0 118 2 .01351 
9 0 00 • 0 03 0 0 . 0 04 5 0 . 0 06 0 0 • 0 0 75 l .00901 • O l 05 l .01201 

l 000 0 . 0 02 7 0 . 0 04 0 5 . 0 05 4 0 • 0 0 67 6 . 0 0 811 . 0 0"9 4 6 . 01081 
1100 0 . 0 02 4 6 .00368 . 0 04 91 . 0 0614 . 0 07 3 7 • 0 08 6 0 . 0 09 8 3 
12000 . 0 02 2 5 . 0 0 33 8 .00450 . 0 0 56 3 . 0 0 67 6 .00788 . 0 09 0 .1 
130 0 0 • 0 0 20 8 . 0 0 31 2 . 0 04 16 . 0 05 2 0 .00624 . 0 07 2 8 .00831 
140 0 0 . 0 019 3 • 0 02 9 0 .00386 • 0 0 4 83 .00579 . 0 0 67 6 .00772 
1500 0 . 0 0180 .00270 .00360 . 0 04 5 0 . 0 05 4 0 • 0 06 31 • 0 0 7 21 
160 0 0 • 0 01 6 9 • 0 02 5 .3 .00338 • 0 04 2 2 . 0 05 0 7 • 0 05 91 .00676 
17000 . 0 0159 .00238 .00318 .00397 . 0 04 7 7 . 0 0 55 6 .00636 
180 00 . 0 0150 .00225 .00300 • 0 03 7 5 • 0 04 5 0 . 0 0 52 5 . 0 0 6 00 
190 0 0 . 0 0142 . o 02 l 3 . 0 02 8 4 . o .. 03 5 6 . 0 04 2 7 . 0 0 49 8 • 0 0 56 9 
2 00 00 • 0 01 3 5 . 0 02 0 3 • 0 02 7 0 . 0 03 38 . 0 04 0 5 . 0 04 7 3 .00540 
210 00 .00129 .00193 . 0 02 5 7 .00322 .00386 • 0 04 5 0 • 0 0 515 
2 20 0 0 • 0 0123 . 0 018 4 . 0 02 4 6 • 0 0 30 7 . 0 0 36 8 . 0 0 43 0 • 0 0 49 l 
2 300 0 .00117 . 0 0176 .00235 . 0 02 9 4 .00352 • 0 04 11 . 0 04 7 0 
2 40 0 0 .00113 • 0 0169 • 0 02 2 5 • 0 0 28 .l . 0 0 3 38 • 0 0 39 4 • 0 0 45 0 
2 500 0 . 0 0108 .00162 • 0 02 16 . 0 02 7 0 .00324 • 0 0 37 8 .00432 
2 6 00 0 . 0010 4 • 0015 6 . 0 02 0 8 • 0 02 6 0 .00312 .00364 .004.16 
2 70 00 . 0 0100 .00150 .00200 . 0 02 5 0 .00300 • 0 03 5 0 . 0 04 0 0 
28000 . 0 00 9 7 • 0014 5 . 0019 3 • 0 0 24 1 . 0 0 29 0 • 0 0 33 8 • 0 0 38 6 
29000 . 0 00 9 3 .00140 • 0 018 6 . 0 02 3 3 . 0 02 8 0 .00326 .00373 
3 00 00 . 0 00 9 0 . 0 01 3 5 . 0 018 0 .00225 .00270 .00315 .00360 
3100 0 . 0 00 8 7 • 0 01 31 . 0 0174 .00218 • 0 02 6 2 . 0 03 0 5 . 0 0 3 49 
3 20 0 0 . 0 00 8 4 • 0 0.12 7 .00169 • 0 0211 .00253 . 0 02 9 6 .00338 
33000 . 0 00 8 2 • 0012 3 .00164 . 0 0 20 5 • 0 0 24 6 • 0 0 28 7 • 0 0 32 8 
3 400 0 . 0 00 7 9 . 0 0119 .00159 . 0 019 9 .00238 . 0 0 27 8 . 0 0 31 8 
3 500 0 . 0 00 7 7 . 0 0116 .00154 . 0 019 3 . 0 02 3 2 . 0 02 7 0 • 0 0 3 09 
3 6 0 0 0 . 0 00 7 5 . 0 0113 . 0 015 0 . 0018 8 .00225 • 0 0 26 3 . 0 0 30 0 
3 7 00 0 . 0 00 7 3 . 0 01.10 .00146 . 0 0183 . 0 0 219 . 0 0 25 6 • 0 0 29 2 
3 8 00 0 . 0 00 71 .00107 .00142 . 0 01 7 8 . 0 02 13 . 0 02 4 9 .00284 
39 0 0 0 . 0 00 6 9 • 0010 4 .00139 .00173 . 0 0 20 8 • 0 0 24 3 . 0 0 27 7 
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IMAGE MO'rION 

Focal Length 4.13 Inches HASSELBLAD (U.V.) 
Shutter Speed 1/ 500th of a Second 

Ground Speed ( Knots) 
Height 100 150 2 00 250 30 0 3 50 400 

(F t) 
1000 • 0 3 54 7 • 0 5 32 0 . 0 7 09 4 .08867 • l 0 64 0 • 1 24 14 . l 418 7 
20 00 .01773 . 0 2 66 0 . 0 3 54 7 .04433 • 0 5 32 0 • 0 6 20 7 . 0 7 09 4 
3000 .01182 • O l 77 3 • 0 2 36 5 .02956 • 0 3 54 7 .04138 .04729 
4000 • 0 08 8 7 .01330 .01773 • 0 221 7 • 0 2 6 60 .03103 . 0 3 54 7 
5000 .00709 • 0 10 6 4 • 0 1419 • 01 77 3 • 0 212 8 • 0 2 48 3 .02837 
6000 . 0 05 91 • 0 08 8 7 .01182 .01478 • 0 l 77 3 .02069 • 0 2 36 5 
7 0 00 • 0 05 0 7 .00760 • 0 1013 .01267 .01520 • 01 77 3 .02027 
8 0 0 0 • 0 04 4 3 • 0 0 66 5 . 0 0 88 7 .01108 .01330 • 0 155 2 .01773 
9 0 00 . 0 03 9 4 • 0 05 9 1 • 0 07 8 8 .00985 • 0 1.18 2 • 0 l 37 9 .01576 

10000 .00355 .00532 .00709 • 0 0 88 7 .0.1064 • 0124 1 .01419 
1100 0 .00322 • 0 04 8 4 • 0 06 4 5 .00806 .00967 • 0 112 9 . 0129 0 
1200 0 • 0 02 9 6 • 0 04 4 3 . 0 05 91 • 0 07 39 . 0 08 8 7 .01034 .01182 
13000 • 0 02 7 3 • 0 04 0 9 • 0 05 4 6 • 0 0 68 2 • 0 0 818 .00955 • 0 109 1 
14 00 0 • 0 0 25 3 .00380 • 0 05 0 7 • 0 06 3 3 . 0 07 6 0 . 0 0 88 7 • 0101 3 
15000 • 0 02 3 6 • 0 0 35 5 .00473 • 0 0 59 1 .00709 .00828 .00946 
1600 0 • 0 02 2 2 .00333 . 0 04 4 3 . 0 05 5 4 .00665 . 0 07 7 6 . 0 0 8 87 
1700 0 • 0 02 0 9 • 0 0313 • 0 04 1 7 • 0 05 2 2 • 0 0 6 26 .00730 .00835 
1800 0 • 0 01 9 7 .00296 .00394 . 0 04 9 3 • 0 05 91 • 0 06 9 0 . 0 07 8 8 
19 0 00 . 0 0187 • 0 0 28 0 • 0 0 37 3 .00467 .00560 . 0 0 65 3 .00747 
2 00 00 .00177 .00266 . 0 03 5 5 • 0 04 4 3 • 0 05 3 2 • 0 06 21 • 0 0 7 09 
210 0 0 • 0 01 69 . 0 02 5 3 .00338 • 0 04 2 2 . 0 05 0 7 . 0 05 91 .00676 
22000 . 0 01 61 .00242 • 0 0 32 2 .00403 .00484 • 0 0 56 4 . 0 0 64 5 
2 30 0 0 • 0 0 15 4 .00231 . 0 0 30 8 .00386 • 0 04 6 3 . 0 05 4 0 .00617 
2 40 0 0 . 0 0148 . 0 02 2 2 • 0 02 9 6 .00369 .00443 • 0 0 51 7 • 0 0 59 1 
2 5 00 0 . 0 014 2 .00213 .00284 .00355 . 0 04 2 6 .00497 .00567 
2 60 0 0 • 0 01 3 6 . 0 02 0 5 .00273 .00341 • 0 0 4 09 .00477 . 0 0 54 6 
27000 .00131 .00197 .00263 .00328 .00394 • 0 04 6 0 . 0 0 5 25 
28000 . 0 0127 .00.190 . 0 02 5 3 .00317 .00380 . 0 04 4 3 . 0 0 50 7 
29000 .00122 .00183 .00245 .00306 • 0 0 3 67 • 0 0 42 8 . 0 0 48 9 
3 0 00 0 . 0 0118 . 0 0177 .00236 . 0 02 9 6 .00355 . 0 04 14 .00473 
310 0 0 . 0 0114 .00172 .00229 . 0 02 8 6 .00343 .00400 • 0 0 45 8 
3 20 0 0 . 0 0111 . 0 0.1 6 6 .00222 . 0 02 7 7 . 0 0 33 3 . 0 0 38 8 • 0 0 44 3 
3 3 00 0 .00107 .00161 . 0 02 15 • 0 02 6 9 .0032.? , r. G 3 7 6 . 0 0 4 30 
3 40 0 0 • 0010 4 .00156 . 0 02 0 9 . 0 02 61 .00313 .00365 .00417 
3 50 0 0 .00101 . 0 0152 .00203 . 0 02 5 3 .00304 .00355 .00405 
3 60 0 0 . 0 0 09 9 . 0 014 8 . 0 019 7 .00246 .00296 .00345 .00394 
37 0 0 0 . 0 00 9 6 .00144 .00192 . 0 0 24 0 .00288 .00336 . 0 0 38 3 
3 8 00 0 . 0 00 9 3 .00140 .00187 .00233 .00280 .00327 .00373 
3 90 0 0 . 0 00 91 .00136 . 0 0182 .00·227 • 0 0 27 3 .00318 .00364 





APPENDIX E 

SU~ ANGLE TABLES ----·- - --- --- -

The following tables list the duration, for a given day 
at a given latitude, during which the ansle between the sun 
and the horizon is equal to or greater than a specified 
minimum. 

The solar noon table, when the solar noon correction is 
applied, gives the occurance of solar noon in GMT for a 
g i v en lo n g i t ud e . 
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DU RATION OF SUN ANGLE 

Latitude 4 o. 0 0 Degrees North 

Date Sun Angle in De gr ees 
0 .l 0 15 20 25 30 40 50 60 

Jan l 9: l 3 7: 0 3 5:49 4: 2 1 2: l 7 
Jan 11 9:22 7: .l 6 6: 0 4 4: 4 l 2: 5 2 
Jan 21 9: 3 7 7: 3 4 6: 2 6 5: 0 9 3: 3 4 
Jan 31 9: 5 6 7:57 6: 5 2 5: 41 4:18 2: 2 3 
Feb 10 10: 18 8:23 7:22 6: 16 5: 0 2 3: .3 2 
Feb 20 l 0: 4 2 8: 5 l 7: 5 3 6: 5 1 5: 4 4 4:28 
Mar 2 11: 0 8 9:20 8:24 7:25 6: 2 3 5: l 6 2: 11 
Mar 12 11: 3 4 9:49 8:54 7: 5 8 7: 0 0 5: 5 8 .3: 3 l 
Mar 22 l 2: O 2 10: 1 7 9: 2 4 8:30 7: 3 5 6: 3 7 4:28 0: 4 9 
Apr l 12: 29 10:45 9: 5 2 8: 5 9 8: 0 6 7: 1 0 5: 1 2 2: 4 2 
Apr 11 12: 5 6 11: l l 10:.18 9:26 8: 3 3 7:40 5: 4 7 3: 3 8 
Apr 21 13: 2 l 1.1: 3 5 10:42 9: 5 0 8: 5 8 8: 0 5 6:17 4: 18 1: 3 6 
May 1 13: 4 5 11: 5 7 11: 0 4 10: l l 9:19 8:27 6: 4 0 4: 4 8 2: 3 5 
May 1 l 14: 0 7 12: 16 11: 2 2 10: 2 9 9: 3 7 8: 4 4 6:59 5:11 3: 0 9 
May 21 14: 2 5 12: 3 2 11: .3 7 10: 4 4 9: 5 l 8:59 7: 14 5:27 3: 3 2 
May 31 14: 3 9 12: 4 3 11: 4 8 l 0: 5 4 10: 0 1 9: 0 9 7:24 5: 3 8 .3: 4 7 
Jun 10 14: 4 8 12: 51 11: 5 5 l l: 0 l 10: 0 8 9:15 7: 3 0 5: 4 5 3: 5 5 
Jun 20 14: 5 l 12:54 11: 5 8 11: 0 3 10: l 0 9:17 7: 3 2 5:47 3: 5 8 
Jun 30 14: 4 8 12: 5 1 11: 5 6 11: 0 l l O: O 8 9: 15 7: 31 5: 4 5 3: 5 5 
Jul 10 14: 3 9 12: 4 4 11: 4 9 10: 5 5 1 0: 0 2 9:09 7: 2 5 5: 3 9 3: 4 7 
Ju 1 20 14: 2 6 l 2: 3 2 ll: 18 l O: 4 4 9: 5 2 8: 5 9 7: .15 5:28 3: 3 3 
Jul 3 0 1 4: 0 8 12: 17 11: 2 3 l O: 3 0 9: 3 8 8: 4 5 7: 0 0 5: 12 3: l l 
Aug 9 l 3: 4 7 11: 5 8 l l: O 5 10: l 2 g: 2 0 8:28 6: 4 2 4: 5 0 2: 3 7 
Aug 19 13: 2 3 11: 3 6 l 0: 4 4 9: 5 l 8: 5 9 8: 0 6 6: 18 4: 21 1:41 
Aug 29 12: 5 7 11: 12 10: 2 0 9: 2 8 8: 3 5 7: 4 l 5:49 3: 4 l 
Sep 8 12: 31 l 0: 4 6 9: 5 4 9: 0 l 8: 0 7 7:12 5:14 2: 4 6 
Sep 18 12: 0 4 1 0: 19 9: 2 6 8: 3 2 7: 3 7 6: 3 9 4: 31 1: 0 3 
Sep 28 11: 3 7 9: 5 l 8: 5 7 8: 0 l 7: 0 3 6:02 3: 3 6 
Oct 8 11: l 0 9:22 8: 2 6 7: 2 8 6:27 5: 2 0 2: 2 0 
Oct 18 1 0: 4 4 8: 5 4 7: 5 5 6: 5 4 5: 4 7 4: 3 2 
Oct 28 l 0: 2 0 8: 2 6 7:25 6: 19 5: 0 6 3: 3 7 
Nov 7 9: 5 8 7: 5 9 6: 5 5 5: 4 4 4: 2 2 2: 3 0 
Nov 17 9: 3 9 7: 3 6 6:28 5: l l 3: 3 8 0: 3 8 
Nov 27 9: 2 3 7:17 6: 0 6 4: 4 3 2:55 
Dec 7 9: 1 3 7:04 5: 5 0 . 4: 2 3 2: 19 
Dec 17 9: 0 9 6: 5 8 5: 4 3 4: l 3 2: 0 0 
Dec 27 9: 1 0 7: 0 0 5: 4 5 4: 1 5 2: 0 5 
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DURATION OF SUN ANGLE 

Latitude 4 5. 0 0 Degrees North 

Date Sun Angle in Degrees 
0 1 0 15 20 25 30 40 50 60 

Jan l 8: 3 9 6: 1 0 4: 3 7 2:25 
Jan 11 8: 5 l 6:26 4: 5 8 3: 0 2 
Jan 21 9:09 6: 5 0 5:28 3: 4 7 
Jan 31 9: 31 7: 19 6: 0 3 4: 3 5 2: 3 3 
Feb 10 9:58 7: 5 l 6: 41 5:22 3: 4 6 0: 5 3 
Feb 20 l 0: 2 7 8: 2 5 7:19 6:08 4: 4 7 3: 0 2 
Mar 2 10: 5 8 9: 0 0 7: 5 8 6: 5 2 5: 4 0 4: l 6 
Mar 12 11: 3 0 9: 3 4 8:35 7: 3 3 6:27 5: 14 l: 4 0 
Mar 22 12: 0 3 1 0: 0 9 9: 1 l 8: 12 7: l 0 6: 0 4 3:24 
Apr 1 12: 3 5 l 0: 4 2 9: 4 5 8: 4 7 7: 4 8 6: 4 6 4:27 
Apr 11 13: 0 7 11: l 3 10:16 9: 19 8:21 7: 2 2 5:15 2:27 
Apr 21 13:37 11: 41 10: 4 5 9: 4 8 8: 5 l 7: 5 4 5: 5 3 3: 3 1 
May 1 14: 0 6 12: 0 8 11: l O 10: 14 9: l 7 8: 2 0 6: 2 3 4: l 3 0: 3 5 
May 11 14: 3 2 1 2: 31 11: 3 3 10: 3 5 9: 3 9 8: 4 2 6: 4 7 4: 4 4 2:06 
May 21 14: 5 4 12: 5 0 1.1: 51 10: 5 3 9: 5 6 8: 5 9 7: 0 6 5: 0 6 2: 4 6 
May 31 15: 11 13: 0 4 12: 0 4 11: 0 6 10:09 9: 12 7: 19 5:21 3:09 
Jun 10 15: 2 2 l 3: 13 12: l 3 11: 14 l 0: l 7 9: 2 0 7: 2 6 5: 3 0 3: 21 
Jun 20 15: 2 6 1 3: 16 12: 16 11: l 7 1 0: 19 9: 2 2 7:29 5: 3 3 3:25 
Jun 30 15: 2 2 l 3: l 4 12: l 3 11: l 4 l 0: l 7 9: 2 0 7:27 5: 31 3: 2 2 
Jul 10 15: l 2 l 3: 0 5 12: 0 5 11: 0 7 10: 0 9 9: 1 3 7:19 5:22 3: l 0 
Jul 20 14: 5 5 12: 5 l 11: 5 2 10: 5 4 9: 5 7 9: 0 0 7: 0 6 5: 0 7 2: 4 7 
Ju 1 30 1 4: 3 3 12: 3 2 11: 3 4 10: 3 7 9: 4 0 8: 4 3 6: 4 8 4: 4 6 2:09 
Aug 9 14: 0 8 12: 0 9 11: 12 10: 1 5 9:18 8:22 6:25 4: l 6 0: 4 7 
Aug 19 13:39 11: 4 3 l 0: 4 6 9: 5 0 8: 5 3 7: 5 5 5: 5 5 3: 3 4 
Aug 29 13: 0 9 11: 14 10: l 8 9:21 8: 2 3 7: 2 4 5: l 7 2: 3 2 
Sep 8 12: 3 7 10:44 9: 4 7 8:49 7: 5 0 6: 4 8 4: 3 0 
Sep 18 12: 0 5 l 0: 11 9: l 3 8:14 7: 12 6:07 3: 2 9 
Sep 28 11: 3 2 9: 3 7 8: 3 8 7: 3 6 6: 31 5: 19 1: 5 3 
Oct 8 11: 01 9: 0 3 8: 0 1 6: 5 5 5:44 4:21 
Oct 18 l 0: 3 0 8:28 7:23 6: l 2 4: 5 2 3: l 0 
Oct 28 10: 0 0 7:54 6: 4 4 5:26 3: 5 2 l: l 3 
Nov 7 9: 3 4 7: 2 1 6: 0 6 4: 3 9 2: 4 0 
Nov 17 9:10 6: 5 2 5: 31 3: 5 l 0: 4 1 
Nov 27 8: 5 2 6: 2 8 5:01 3: 0 6 
Dec 7 8: 3 9 6: 11 4: 3 9 2: 2 8 
Dec 17 8: 3 4 6: 0 3 4: 2 8 2:07 
Dec 27 8: 3 5 6: 0 5 4: 31 2: l 3 
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DU RATION OF' SUN ANGLE 

Latitude 5 o. 0 0 Degrees North 

Date Sun Angle in Degrees 
0 10 15 20 25 30 40 50 60 

Jan 1 7: 5 6 4: 5 5 2: 3 5 
Jan 11 8: l l 5: 18 3:14 
Jan 2.1 8: 3 4 5: 5 0 4: 0 3 
Jan 31 9: 0 2 6:28 4:54 2:44 
Feb 10 9: 3 4 7: 0 9 5: 4 5 4: 0 3 0: 5 7 
Feb 20 l O: 0 9 7:52 6: 3 5 5: 0 8 3: 16 
Mar 2 l 0: 4 6 8: 3 5 7:24 6: 0 6 4: 3 6 2: 3 3 
Mar 12 11: 2 4 9:.16 8:09 6: 5 8 5: 4 0 4: 0 8 
Mar 22 l 2: O 3 9:58 8:54 7: 4 7 6: 3 6 5: l 7 0:59 
Apr 1 12: 4 2 10: 3 7 9: 3 4 8: 3 0 7: 2 3 6: 12 3: l 5 
Apr l .l 1.3: 2 0 l l: 14 1 0: 12 9: 0 9 8: 0 5 6: 5 8 4:25 
Apr 21 l 3: 5 6 11: 4 9 10: 4 6 9:44 8: 41 7: 3 6 5: 1 7 1: 5 9 
May l 14: .31 l 2: 2 0 11: l 7 10: l 5 9: 12 8: 0 9 5: 5 6 3: 15 
May 11 15: 0 3 l 2: 4 8 ll: 4 4 10: 4 l 9: 3 9 8: 3 6 6:27 4: 0 l 
May 21 15: 3 0 l 3: 11 12: 0 6 11: 0 2 l O: 0 O 8: 5 7 6: 5 l 4: 3 2 0: 4 7 
May 31 15: 5 l 13:28 l 2: 2 2 11: 18 1 0: 15 9: 1 3 7:07 4: 5 2 l: 5 1 
Jun .l 0 .l 6: 0 4 .13: 3 9 12: 3 2 11: 2 8 l O: 2 4 9:22 7: l 7 5:04 2: 1 6 
Jun 20 l 6: O 9 l 3: 4 3 12: 3 6 11: 31 l O: 2 8 9: 2 5 7: 2 0 5: 0 8 2: 2 4 
Jun 30 .16:05 l 3: 3 9 12: 3 3 11: 2 8 10:25 9:22 7: l 7 5: 0 5 2: l 7 
Ju 1 10 15: 5 2 13:29 .12: 2 3 l l: 19 1 0: l 6 9: l 3 7: 0 8 4: 5 3 1: 5 3 
Jul 20 15: 31 l 3: 1 2 12:07 1 l: O 3 1 .0: 0 l 8: 5 8 6: 5 2 4: 3 3 0: 5 5 
Jul 30 15: 0 4 12: 49 11: 4 5 l O: 4 2 9: 4 0 8: 3 8 6: 2 9 4: 0 3 
Aug 9 14: 3 3 12: 2 2 ll:19 10: 16 9: 14 8: l l 5: 5 9 3: 18 
Aug 19 1.3: 5 9 11: 51 10: 4 8 9: 4 6 8: 4 3 7: 3 9 5:19 2: 0 6 
Aug 29 l 3: 2 2 11:16 10: 14 9: l l 8:07 7:00 4: 2 9 
Sep 8 12: 4 4 1 0: 3 9 9: 3 7 8:32 7: 2 6 6: 15 3:20 
Sep 18 12: 0 6 10: 0 1 8: 5 6 7: 5 0 6: 3 9 5:21 1:15 
Sep 28 11: 2 7 9:20 8: 1 3 7: 0 3 5: 4 5 4: 14 
Oct 8 .l 0: 4 9 8: 3 8 7:28 6:11 4:42 2: 4 3 
Oct 18 1 O: l 2 7: 5 6 6: 4 0 5:14 3: 2 4 
Oct 28 9: 3 7 7: 1 3 5: 5 0 4:09 1:19 
Nov 7 9: 0 4 6: 3 2 4: 5 8 2:51 
Nov 17 8: 3 6 5: 5 3 4: 0 7 0: 4 4 
Nov 27 8: l 3 5: 2 0 3: 18 
Dec 7 7: 5 7 4:57 2: 3 8 
Dec 17 7: 5 0 4: 4 5 2: l 5 
Dec 27 7: 5 2 4: 4 8 2: 2 l 
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DURATION OF SUN ANGL~ 

Latitude 5 > • 0 0 Degrees North. 

Date Sun Angle in Degrees 
, e, 

0 10 · 15 20 ,2·5 30 40 50 60 
Jan l 7: 0 1 2: 4 6 
Jan 1 l 7:20 3: 2 8 
Jan 21 7:49 4:20 
Jan 31 8:24 5: 16 2: 5 6 
Feb 10 9:04 6: 12 4: 2 2 l: 0 2 
Feb 20 9: 4 6 7: 0 7 5: 3 ·3 3: 3 2 
Mar 2 l O: 31 8:01 6:37 5: 0 0 2: 4 6 

._ ... _ 

Mar 12 11: l 7 8: 5 3 7: 3 5 6: l 0 4: 3 0 l:58 
Mar 22 12: 0 4 9: 4 3 8: 3 0 7: l 2 5:47 4: 0 3 
Apr 1 12: 5 0 10: 3 0 9:19 8: 0 6 6:48 5: 2 l 
Apr 11 13: 3 6 11: 15 10: 0 5 8: 5 4 7: 4 0 6: .21 2: 5 9 
Apr 21 14:20 11: 5 6 l O: 4 6 9: 3 6 8:25 7:11 4:20 
May l 1 s : __ o 3 12: 3 4 11: 2 3 10: l 4 9: 0 3 7: 5 2 5:15 0: 4 4 -~ 
May 11 l 5: 4 2 l 3: 0 7 11: 5 6 1 0: 4 5 9: 3 5 8:25 5: 5 6 2: 41 
May 21 16: 16 13:35 l 2: 22 l l: l l l O: O l 8: 5 l . 6:26 3: 3 2 
May 31 l 6: 4 3 l 3: 5 7 12: 4 2 11: 3 0 l 0: 2 0 9: l 0 6: 4 7 4: 0 3 
Jun 10 l 7: 0 0 1 4: 1 0 12:54 11: 4 2 1 O: 1 l 9:22 7: 0 0 4:20 
Jun 20 17: 0 7 1 4: 1 5 12: 5 9 11: 4 6 l O: 3 5 9: 2 6 7:04 4: 2 6 
Jun 30 l 7: 0 1 14: l l 12: 5 5 11: 4 2 l 0: 1 2 9: 2 2 7: 0 0 4:21 
Jul 10 16: 4 4 l .3: 5 8 12: 4 3 11: 31 1 0: 2 l 9: 11 6: 4 8 4: 0 5 
Jul 20 16: 1 8 1 3: 3 7 12: 2 3 11: 12 10: 0 2 8: 5 3 6:28 3: 3 5 
Jul 3 0 l5: 4 4 13:09 11: 5 7 1 0: 4 7 9: 3 7 8 : ,2 7 5: 5 8 2: 4 5 
Aug 9 15: 0 5 1 2: 3 6 11: 2 6 10: l 6 9: 0 6 7: 5 4 5:l8 1: 0 0 
Aug 19 14: 2 1 l l: 5 9 10: 4 9 9: 3 9 8:28 7:14 A: 24 
Aug 29 13:39 11: l 7 10: 0 8 8: 5 7 7: 4 3 6: 2 5 3: 0 6 
Sep 8 l 2: 5 3 l O: 3 3 9: 2 2 8:09 6:51 5: 2 5 
Sep 1 8 12: 0 7 9:46 8: 3 3 7: 1 6 5: 5 l 4: 0 9 
Sep 28 11: 21 8: 5 7 7: 4 0 6: 1 6 4: 3 7 2: l 4 
Oct 8 l O: 3 5 8: 0 6 6: 4 2 5: 0 6 2: 5 7 
Oct 18 9: 5 0 7:12 5: 3 9 3: 4 l 
Oct 28 9: 0 7 6: l 7 4: 2 8 1:25 
Nov 7 8:27 5:21 3:04 
Nov 17 7: 5 2 4:25 0: 4 7 
Nov 27 7: 2 3 3: .3 2 
Dec 7 7: 0 2 2:49 
Dec 17 6: 5 3 2:25 
Dec 27 6: 5 5 2: 11 
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DU RATION OF SUN ANGLE 

Latitude 6 o. 0 0 Degrees North 

Date Sun Angle in Degrees 
0 10 15 20 25 30 40 50 60 

Jan 1 5:41 
Jan 11 6: 0 8 
Jan 21 6:47 
Jan 31 7: 3 3 3:11 
Feb 10 6: 2 3 4: 4 4 l: 0 7 
Feb 20 9:17 6: 0 3 3: 5 l 
Mar 2 l 0: 12 7: 14 5: 2 8 3:01 
Mar 12 11: 0 8 8:20 6: 4 6 4: 5 6 2: l 0 
Mar 22 12: 0 5 9: 2 3 7:57 6: 2 2 4:28 l: 11 
Apr 1 13: 0 1 10: 2 0 8: 5 8 7: 3 l 5: 5 5 3: 5 7 
Apr 11 l 3: 5 7 11: 14 9: 5 4 8: 31 7: 0 4 5: 2 5 
Apr 21 14: 51 12:05 10: 4 5 9:24 8:01 6: 3 2 2:29 
May 1 15: 4 5 12: 5 l 11: 3 0 l 0: l 0 8: 4 9 7: 2 4 4: 0 4 
May 11 16: 3 5 13: 3 2 12:09 10: 4 8 9:28 8: 0 7 5:04 
May 21 17:20 14: 0 6 1 2: 41 11: 2 0 l 0: 0 0 8: 19 5: 4 6 l: O l 
May 31 1 7: 5 7 14: 3 3 13: 0 6 11: 4 3 l O: 2 3 9: 0 3 6: 14 2: 2 4 
Jun 10 18: 21 14: 4 9 1 3: 21 11: 5 8 10:37 9:17 6: 3 0 2: 5 7 
Jun 20 18: 3 0 14: 5 5 13:26 12: 0 3 10:42 9: 2 2 6: 3 6 3: 0 7 
Jun 30 18:22 14: 5 0 13:22 ll: 5 8 10:37 9:17 6:31 2: 5 8 
Jul 10 17: 5 9 14: 34 13:07 11: 4 4 1 0: 24 9:04 6:15 2:27 
Jul 20 17: 2 2 l 4: 0 8 12: 4 3 ll: 2 2 l O: O l 8: 4 1 5: 4 8 l: l 0 
Jul 30 1 6: 3 8 13: 3 4 l 2: 11 10: 5 l 9: 31 8: 0 9 5: 0 7 
Aug 9 15: 4 8 12: 5 4 11: 12 1 0: l 2 8: 5 l 7: 2 7 4: 0 9 
Aug 19 14: 5 5 12:08 10:48 9:27 8: 0 4 6: 3 5 2:37 
Aug 29 14: 0 0 11: 18 9: 5 7 8: 3 5 7: 0 8 5: 1 0 
Sep 8 13: 0 5 10: 2 4 9: 0 2 7: 15 6:00 4: 0 3 
Sep 18 12:09 9:27 8: 0 1 6:27 4: 3 4 l: 31 
Sep 28 11: l 3 8:26 6: 5 3 5:04 2:27 
Oct 8 10: 1 7 7:20 5: 3 5 3: l 4 
Oct 18 9:22 6: 1 0 4:01 
Oct 28 8:28 4: 5 2 l: 3 2 
Nov 7 7: 3 7 3: 2 0 
Nov 17 6: 5 0 0: 5 1 
Nov 27 6:11 
Dec 7 5: 4 3 
Dec 17 5:29 
Dec 27 5: 3 3 
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DURA'rION OF SUN ANGLE 

Latitude 6 5. 0 0 Degrees North 

Date Sun Angle in Degrees 
0 10 15 20 25 30 40 50 60 

Jan 1 3: l 5 
Jan 11 4: 0 6 
Jan 21 5: 0 9 
Jan 31 6: 16 
Feb 10 7:26 l: l 4 
Feb 20 8: 3 6 4: 1 5 
Mar 2 9: 4 6 6: 0 3 3:20 
Mar 12 l O: 5 5 7: 3 2 5: 2 8 2:24 
Mar 22 1 2: 0 6 8: 5 3 7: 0 6 4:59 1: l 9 
Apr 1 13: l 6 1 0: 0 5 8:26 6: 3 8 4:25 
Apr 11 14:25 11: l 3 9: 3 7 7: 5 7 6: 0 6 3: 4 4 
Apr 21 15: 3 5 l 2: 15 10: 4 0 9: 0 4 7:22 5: 2 7 
May l 16: 4 5 l 3: 12 11: 3 6 10:01 8:24 6: 4 0 0: 5 6 
May 1 l .l 7: 5 5 14: 0 4 12:25 l 0: 5 O 9: 1 5 7: 15 3: 2 6 
May 21 19: 0 2 l 4: 4 7 13:05 11: 2 9 9: 5 4 8:18 4: 3 4 
May 31 2 0: 0 3 15:21 13:36 11: 5 8 10: 2 3 8: 4 7 5: l 6 
Jun 10 2 0: 5 0 15: 4 1 l 3: 5 5 12: l 6 10: 4 l 9:06 5: 3 9 
Jun 20 21: l 0 15: 51 14: 0 2 12: 2 2 l 0: 4 7 9: 12 5: 4 7 
Jun 30 2 0: 5 3 15: 4 4 l 3: 5 6 12: 1 7 10: 4 .l 9:06 5: 4 0 
Jul 10 20: 0 7 15: 2 3 13:38 11: 5 9 10:24 8:49 5: 18 
Jul 20 19: 0 6 14: 5 0 13: 0 8 11: 11 9:56 8:20 4: 3 7 
Jul 30 17: 5 9 14: 0 7 12:28 l 0: 5 3 9: l 7 7: 3 8 3: 3 2 
Aug 9 16: 5 0 1 3: 16 11: 4 0 1 0: 0 5 8:28 6: 4 4 1: l 6 
Aug 19 15: 4 0 12: 19 10: 4 4 9: 0 8 7:27 5: 12 
Aug 29 14: 3 0 11: 1 7 9: 41 8:01 6: 11 3: 5 2 
Sep 8 13:20 l O: 1 0 8: 11 6: 4 3 4: 1 2 
Sep 1 8 12: .l l 8: 5 8 7:11 5: 0 6 l: 41 
Sep 28 11: 0 l 7: 3 9 5: 3 8 2: 4 3 
Oct 8 9: 5 2 6: 11 3: 3 4 
Oct 18 8: 4 2 4: 2 6 
Oct 28 7: 12 l: 4 2 
Nov 7 6:22 
Nov 17 5: l 4 
No v 27 4:11 
Dec 7 3: l 9 
Dec 17 2: 5 l 
Dec 27 2: 5 8 



SUN ANGLE _ 'rABLES Page E-8 

DU RATION OF SUN ANGLE 

Latitude 7 o. 0 0 Degrees North 

Date Sun Angle in Degrees 
0 10 15 20 25 30 40 50 60 

Jan 1 
Jan 1 l 
Jan 21 
Jan 3 l 3: 5 4 
Feb 10 5: 5 1 
Feb 20 7: 3 2 
Mar 2 9: 0 6 3: 4 6 
Mar 12 10:37 6: 1 2 2: 4 3 
Mar 22 12: 0 8 8: 0 6 5: 3 9 1: 3 0 
Apr l 13: 3 3 9: 4 l 7:34 5: 0 2 
Apr 11 15:09 11: 0 8 9: 0 9 6: 5 9 4:16 
Apr 21 16: 4 4 12:28 10: 31 8: 3 0 6: l 6 3: 12 
May 1 18: 2 7 13: 4 2 ll: 4 3 9:46 7: 4 2 5: l 9 
May 11 20: 2 9 1 4: 5 0 1 2: 4 6 10: 4 8 8: 4 9 6: 4 0 
May 21 2 4: 0 0 15: 4 8 1.3:38 11: 3 8 9:41 7:19 l: 2 l 
May 31 2 4: 0 0 l 6: 3 6 14: 1 8 1 2: l 6 1 0: 18 8:19 3: l l 
Jun 10 2 4: 0 0 l 1·: 0 7 14: 4 4 12:39 10: 4 l 8: 4 3 3: 5 6 
Jun 20 24:00 l 7: 18 l 4: 5 3 12:47 10:49 8: 51 4: l 0 
Jun 30 2 4: 0 0 l 7: 0 8 14: 4 5 12: 4 0 10:42 8: 4 4 3: 5 7 

·Jul l 0 24: 0 0 l 6: 18 14: 2 0 12:18 l 0: 2 O 8:21 3: l 5 
Jul 20 24: 0 0 1 5: 5 2 13:41 11: 41 9: 4 4 7: 4 2 1:13 
Jul 30 20:18 14: 5 3 12: 4 9 1 0: 5 2 8: 5 3 6: 4 5 
Aug 9 18: 3 4 1 3: 4 7 11: 4 7 9: 5 0 7: 4 7 5: 2 5 
Aug 19 1 6: 5 0 l 2: 33 10:36 8 : 1 5 6: 2 2 3: 2 3 
Aug 29 15: 14 11: l .3 9: 14 7: 0 5 4:25 
Sep 8 13: 4 3 9: 4 7 7: 4 1 5: l 0 
Sep 1 8 12: 14 8: 1 2 5:48 1: 5 5 
Sep 28 10: 4 5 6: 2 3 3:04 
Oct 8 9: l 5 4: 0 l 
Oct 18 7: 41 
Oct 28 6: 0 0 
Nov 7 4: 0 5 
Nov 17 1: 0 2 
Nov 27 
Dec 7 
Dec 17 
Dec 27 
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DU RATION OF SUN ANGLE 

Latitude 7 5. 0 0 Degrees North 

Date Sun Angle in Degrees 
0 l 0 15 20 25 30 40 50 60 

Jan l 
Jan 11 
Jan 21 
Jan 31 
Feb 1 0 l: 3 5 
Feb 20 5: 3 2 
Mar 2 7:59 
Mar 12 l 0: 0 7 3: 1 0 
Mar 22 12: l 2 6: 3 8 1:45 
Apr l 14: l 4 8: 5 9 5: 5 5 
Apr 11 16: 2 4 10: 5 8 8: 1 7 5: 0 2 
Apr 21 .l 8: 5 7 1 2: 4 7 10: 12 7:26 3: 4 7 
May 1 24: 0 0 14: 2 9 l l: 5 0 9: 1 4 6: l g l: l 7 
May 11 2 4: 0 0 16:06 13: 1 6 l 0: 4 0 8: 0 0 4: 4 3 
May 21 2 4: 0 0 17: 3 6 14: 2 9 11: 4 9 9: l 3 6:20 
May 31 24: 0 0 18: 5 7 15:26 12: 4 0 10: 0 5 7:21 
Jun 10 2 4: 0 0 19: 5 8 16: 0 3 l 3: 12 l 0: 3 6 7: 5 6 
Jun 20 2 4: 0 0 2 0: 2 4 16:17 l 3: 2 3 10: 4 7 8:08 
Jun 30 2 4: 0 0 2 0: 0 1 16: 0 5 l 3: l 3 1 0: 3 7 7: 5 7 
Jul 10 24: 0 0 19: O l 15:29 12:42 10: 0 7 7:24 
Jul 20 24: 0 0 17:42 14: 3 3 11: 5 2 9:17 6:25 
Ju 1 3 0 2 4: 0 0 1 6: 12 13: 21 l 0: 4 5 8: 0 5 4: 5 l 
Aug 9 2 4: 0 0 1 4: 15 l l: 5 6 9: 2 0 6: 2 7 1:44 
Aug 19 1 9: 0 8 l 2: 5 4 l 0: l 8 7: 3 4 4: 0 0 
Aug 29 16: 3 2 11: 0 5 8:25 5: 1 3 
Sep 8 14: 21 9: 0 7 6:05 
Sep 1 8 12: 19 6:48 2: 14 
Sep 28 1 0: 1 8 3: 3 4 
Oct 8 8: 11 
Oct 18 5: 4 7 
Oct 28 2:11 
Nov 7 
Nov 17 
Nov 27 
Dec 7 
Dec 1 7 
De c 27 
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DU RATION OF SUN ANGLE 

Latitude 8 o. 0 0 Degrees North 

Date Sun Angle in Degrees 
0 10 15 20 25 30 40 50 60 

Jan 1 
Jan 11 
Jan 21 
Jan 31 
Feb 10 
Feb 20 
Mar 2 5: 2 3 
Mar 12 9: 0 6 
Mar 22 12: 18 2: l 0 
Apr 1 15: 2 8 7:25 
Apr 11 19:27 l O: 3 5 6:18 
Apr 21 2 4: 0 0 l 3: 21 9: 2 8 4: 4 4 
May 1 2 4: 0 0 1 6: 0 4 11: 5 9 8:01 l: 3 6 
May 11 2 4: 0 0 19: 0 4 14: 11 l O: 1 7 5: 5 8 
May 21 2 4: 0 0 2 4: 0 0 1 6: 0 8 12: 0 2 8: 0 5 2:01 
May 31 2 4: 0 0 2 4: 0 0 1 7: 5 0 l 3: 2 0 9:27 4:49 
Jun 10 2 4: 0 0 24: 0 0 19: 0 6 14: l 0 10: l 6 5: 5 9 
Jun 20 2 4: 0 0 2 4: 0 0 19: 3 7 14: 2 8 l O: 3 1 6:21 
Jun 30 2 4: 0 0 24: 0 0 19: 0 9 14: 12 l 0: 18 6: 0 1 
Jul 1 0 24: 0 0 2 4: 0 0 17: 5 6 .13:24 9: 3 1 4: 5 5 
Jul 20 2 4: 0 0 2 4: 0 0 .16:15 l 2: 0 8 .. 8: 11 2:20 
Jul 30 2 4: 0 0 19: 1 6 14:19 10:25 6: 0 8 
Aug 9 2 4: 0 0 16: 14 12: 0 8 8: 1 l 2:10 
Aug 19 2 4: 0 0 1 3: 12 9: 3 9 5: 0 0 
Aug 29 19: 4 7 10:46 6: 3 2 
Sep 8 15: 4 0 7: 3 8 
Sep 1 8 12:29 2:46 
Sep 28 9: 2 3 
Oct 8 5: 4 6' 
Oct 18 
Oct 28 
Nov 7 
Nov 17 
Nov 27 
Dec 7 
Dec 17 
Dec 27 
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DURATION OF SUN ANGLE 

Latitude o 5. 0 0 Degrees North 

Date Sun Angle in Degrees 
0 10 15 20 25 30 40 50 60 

Jan 1 
Jan 11 
Jan 21 
Jan 31 
Feb 10 
F'eb 20 
Mar 2 
Mar 12 5: 3 5 
Mar 22 12: 3 7 
Apr 1 2 0: 16 
Apr 11 2 4: 0 0 9:18 
Apr 21 2 4: 0 0 1 4: 5 9 6:55 
May 1 24: 0 0 24: 0 0 1 2: 16 2: 19 
May 11 24: 0 0 24: 0 0 16:58 8: 5 2 
May 21 2 4: 0 0 24: 0 0 24: 0 0 12:27 2: 5 6 
May 31 24: 0 0 2 4: 0 0 24: 0 0 15: 0 9 7: 0 7 
Jun 10 2 4: 0 0 2 4: û 0 2 4: 0 0 l 7: 0 3 8: 5 6 
Jun 20 2 4: 0 0 2 4: 0 0 24: 0 0 17: 4 9 9: 11 
Jun 30 2 4: 0 0 24: 0 0 2 4: 0 0 17: 0 8 9:00 
Jul 10 2 4: 0 0 2 4: 0 0 24: 0 0 1 5: l 8 7: l 6 
Jul 20 2 4: 0 0 2 4: 0 0 24: 0 0 l 2: 18 3: 21 
Jul 30 2 4: 0 0 2 4: 0 0 17: l 7 9:08 
Aug 9 2 4: 0 0 24: 0 0 12: 3 3 3: 0 8 
Aug 19 2 4: 0 0 15: 21 7:19 
Aug 29 2 4: 0 0 9: 4 l 
Sep 8 2 l: l l 
Sep 1 8 1 3: 0 0 
Sep 28 6:21 
Oct 8 

Oct 18 
Oct 28 
Nov 7 
Nov 17 
Nov 27 
Dec 7 
Dec 1 7 
Dec 27 
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SOLAR NOON 

Deg. Solar Deg. Solar Deg. Solar 
Long. Noon Long. Noon Long. Noon 

(GMT) (GMT) (GMT) 
35 l 4: 2 0 77 17:08 119 19: 5 6 
36 14: 2 4 78 17: 1 2 120 2 0: 0 0 
37 14:28 79 l 7: 1 6 121 20:04 
38 14: 3 2 80 1 7: 2 0 122 20:08 
39 14: 3 6 81 17:24 12.3 2 0: 1 2 
40 14: 4 0 82 17:28 124 2 0: l 6 
41. 14: 4 4 83 17:32 125 2 0: 2 0 
42 1 4: 4 8 84 l 7: 3 6 12 6 20: 2 4 
43 1 4: 5 2 85 1 7: 4 0 127 2 0: 2 8 
44 14: 5 6 b6 1 7: 4 4 128 20: 12 
45 15: 0 0 87 17:48 129 20: 3 6 
46 15:04 88 1 7: 5 2 1.30 2 0: 4 0 
47 15: 0 8 89 1 7: 5 6 1.31 20:44 
48 15: 12 90 18: 0 0 132 2 0: 4 8 
49 15: 16 91 18: 0 4 133 2 0: 5 2 
50 1 5: 2 0 92 18: 0 8 134 2 0: 5 6 
51 15:24 9 3 18: 12 13 5 21:00 
52 15: 2 8 94 18: l 6 136 21: 0 4 
53 .15: 32 95 18: 2 0 137 21:08 
54 15: 3 6 9 6 18: 2 4 138 21: l 2 
55 15: 4 0 9 7 18: 2 8 139 21:16 
56 15: 4 4 98 18: 3 2 14 0 21: 2 0 
57 15: 4 8 99 18: 3 6 141 21: 2 4 
58 15: 5 2 100 18: 4 0 14 2 21:28 
59 1 5: 5 6 101 18: 4 4 14 3 21: 3 2 
60 16: 0 0 102 18: 4 8 14 4 21: 3 6 
61 l 6: 0 4 103 18: 5 2 14 5 21:40 
62 1 6: 0 8 104 18:56 14 6 21: 4 4 
63 16:12 105 19: 0 0 14 7 21: 4 8 
64 16: 16 106 19: 0 4 148 21:52 
65 16:20 107 19:08 14 9 21: 5 6 
66 1 6: 2 4 108 19: 12 150 2 2: 0 0 
67 16:28 109 19: 16 15 l 2 2: 0 4 
68 16: 3 2 110 19: 2 0 152 2 2: 0 8 
69 16: 3 6 111 19: 2 4 153 2 2: 1 2 
70 16: 4 0 112 19: 2 8 15 4 · 2 2: l 6 
7 l 16: 4 4 11. 3 19: 3 2 155 22:20 
72 l 6: 4 8 114 19: 3 6 15 6 22:24 
73 16: 5 2 115 19: 4 0 157 22:28 
74 16: 5 6 116 19:44 15 8 2 2: 3 2 
75 1 7: 0 0 117 19: 4 8 159 2 2: 3 6 
76 17:04 118 19: 5 2 160 2 2: 4 0 
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CORRECTION TO SOLAR NOON 

(Corrections in Minutes) 

Date Correction 

Jan 1 + 3 
Jan l l + 8 
Jan 21 +11 
Jan 31 +13 
Feb 1 0 +14 
Feb 20 +14 
Mar 2 +12 
Mar 12 +10 
Mar 22 + 7 
Apr 1 + 4 
Apr 11 0 
Apr 21 ') 

J:. 

May 1 - 3 
May 11 - 4 
May 21 4 
May 31 - 3 
Jun 10 - l 
Jun 20 + 1 
Jun 30 + 4 
Jul l 0 + 5 
Jul 20 + 6 
Jul 30 + 6 
Aug 9 + 6 
Aug 19 + 4 
Aug 29 + 1 
Sep 8 - 2 
Sep 18 - 6 
Sep 28 - 9 
Oct 8 -12 
Oct 18 -14 
Oct 28 -15 
Nov 7 -15 
Nov 17 -14 
Nov 27 -12 
Dec 7 - 9 
Dec 17 - 5 
Dec 27 0 





APPENDIX F 

COST ESTIMATING --------·---

The Airborne Operations Section produces the cost 
estimate found on the back of the task sheet. This estimate 
is prepared with the aid of a computer program. One 
function of this program is to adjust some of the estimation 
parameters. Xhese adjustments are as follows: 

1. When calculating the number of exposures, the 
forward overlap requested by the Principal 
Investigator is increased by 5 percent. This 
allows the sensor operator to adjust the actual 
overlap during the flight, so that it never falls 
below the requested overlap. 

2. The calculated number of exposures per line is 
increased by two frames for 9" X 9" and four frames 
for 70 mm coverage to ensure that sufficient film 
is available for blank frames between successive 
fl ight lin es. 

3. Sinc.e some program calculations produce non-integer 
values, these values are rounded to the nearest 
integer value (i.e. $24.70 will become $25.00} 

4. For loading and unloading the cameras and also for 
processing and reproduction, there must be extra 
blank film available on either end of the imagery. 
Therefore the calculated quantity of film required 
for a project is increased by twenty feet for each 
roll or part roll used ta ensure that ten feet of 
leader and ten feet of trailer are available. 
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5. The line mileage and altitudes are unchanged. 

A 9,200 ft. roll of magnetic tape costs $105.00. the 
Mincan tape recorder is run at 30 inches per second. This 
information along with the average cruising speeds of the 
aircraft (DC-3 - 120 knots, Falcon - 350 knots) is used to 
estimate the magnetic tape charge. 

In order to supply valid cost estimates the computer 
requires the following information. This information is 
provided either directly by the Principal Investigator or is 
calculated by Airborne Operations personnel. 

1. Altitude above mean ground level. 

2. Line mileage in nauttca~ miles. 

3. Number of flight lines. 

4. The number of sensors and sensor types. 

5. The film type for each camera. 

6. The type of reproduction required for each sensor. 

7. The forward overlap fpr each camera. 
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APPENDIX G 

FILM ANNO'rA'rION ----------

This section includes a brief description of the 
various formats and conventions used in the annotation of 
Remote Sensing aerial film. 



FILM ANNOTATION ---- -----------

G.l 9.5 INCH_(25 CM) FILM 

G. 1. l F 1 rs t Frame on Roll 

Camera and No. lJ IL o R C \0 , l.2.b2 

Lens and No. UA G I[ 30 3't 
Calibrated Focal Length 15 3 . 2 9 YY\ VV\ 

Film Type and No. A E ROCHl',Q(Y)E. \r-1FRf\RtO é!.443 
(1st) Project No. on Roll 14- - 1 35 

Area and Province BRA~ t>Ol\.l , M Ar01T06A 

Project F:.-,,,ne Ncs. ( \ - 8 b) 
Date Flo.,.m JutvE 2-:;-,197)f 

Altitude Above Sea Level (metric) ~ 000
1
As1- 1 \ \2.19V',1 AçL) 

(2nd) Project No. on Roll + 4 - 12 2 
Area and Province lJ IN t\) \? t.G 

I 
fY) 'A IV ITO SA 

Project Frame Nos. ( B 1 - \ 3 4,) 
Date Flown j UNE 27/, 1911..), 
l\ltituôe ~.bove Sea Level (metric) 4,_ 000 'A Sl 

1
(\'219 vY) 'AsL) 

Fil ter Type ,Anti-vignetting .Factor No. \)At\} 5 2 5 > A . V. , 2. . 2. X 

Exposure + j . 6 , '/ 350 
Line No . Direction - (Line Frame Nos.) L \ t0 E 4-> E ( \ - 2 3) 
Frame No . - Roll No. o- Ni l fi 3r 113 

Page G-2 



FILM ANNOTATION 

G.1.2 First Frame on Line 

Line No. Direction - (Line Frame Nos.) 

Project No., Area and Province 

Date Flown, Altitude Above Sea Level 

Lens and No., Focal Length 

Frame No. - Roll No. 

Page G- 3 

LI Nê. Z. -w l 2.4- - i..v:1-) 

1-J+-135, BR fiNDON, MAt\.11Toe1t 
Juf\)e: 2.1-,\974,-4.ooo'As1... 

U f\G II 303lt, 1 53.29 MW\ 

+ k)g 2.4 A ·y:,113 
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G.1.1 Other _Frames 

Every other frame will be annotated with frame number 
and roll number in the lower left corner. 

G.l.4 9.5 inch In-camera Annotation 

- : ; 1 l ' "'-- '-- • .,_ _! 

□ _J 
~ 

1 

Long. (~75° 44 1
) 

Time (20 hr. 55 
41.60 sec) 

r 
j ...._. 

min 
Roll No. 
Reading 
Lat. 

(0612) 
(254°) 
(45° 25.9') 

7 ~ □ b 0.2 

Project No. (74-060) 
Flight Line ( 20) 
Frame No. (151) 
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G.2 70 NM FILM -------

G. 2. l Fi rs t Frame on Ro 11 -------------

(1st) Project No., Altitude, Date Flown 14--135, J-~.000
1

Asl-,2.J-li-14· 
(2nd) Project No., Altitude, Date Flown 14-- 122., 4-, 0 00 

1 A 'SL, 21- b-1~ 

Camera, Focal Length, Film No., FilterType V1tJTE~. :,", '24-24-, ,1,-.8 

Roll No., Line No . and Direction, Frame No. G>l\..l 3323 \r. /-1-tE \ 

1 1 



F I LM AN N O'l' A'rI ON 

Roll No., Line No. and Direction, Frame No. GN 3323 \~ 

1 

Page G- 6 

z➔LJ 48 

1 

Every fourth frame will be annotated with the roll 
number and frame number. 

G.2.4 70 mm In-camera Annotation 

Roll No . 1321/

L ,he Nô- 12 

Head1nq 230 ° 

Fr 0- me No, I 2 / 

23 □ 2 1 
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G • . 1 INFRARED SCANNER IMAGERY 

G.3.l Hand_annotation 

PR-OJE,c., T 77-14 
~or2.,TH 5\-10~ L~. ~e\e.., SW O~T"2'\0 
l=L.oW\.J 2.~-~2'\L ... ~91-, 
t>A-tt>ALUS> I.t2.,u5 8-14JL DE-TISCT02.> 
A~A.Loo_ue:, ~ g. L~\J~L.- 5\.J\~D ~T~ 
W::ILU NE:,~,\\/~ 

~,~e.., ô'N 1=-~'2.>ë A~ALO~UE-> 

LUJE., aw 153~0 t2A.tJGt~ 1-1 

- LO= BB1 -- G..o0 c ···· --- ----··ct_u·l:i:---- · -··- ·---~~-- . - - -

" :i. s t:>E.NSITV1 
2, OE~ITY ~ -

--· - . . --~ ·-· --·- . -·- --

q.o 
t:>ë.t-iS,\r( 3 

-- .. _ , _____ _ 
.3 '10.S 
4 Oët-JSITY 4 • .. - - ·---· ---- -- .,,. 

12,.0 
5 t>E,MSI 'TV 5 • 

- · 13.o. - oe.tJs.rFv--io -----·•·· ----· ~ ... ' • - ... ··-- .... 

(o 
BB2>- -1s.o C - -e;L,lc',~-Hl= 

Project Number 

& Date 

..., .--- r-- - -- - ... . _ , _. •---•• --- -- •---- - - -

r---------Tirne 

"2g1S4:4S 

------- Latitude 

Longit'ude 

. Reading 

~~~~ed 
l~~t. AS7 

~~1S41SG 4526.SH IJ7S42.SV liD24S lUltT 3219S 
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G. 1. 1 C SF R ANNOTAT ION ----·---- ~--- ·---

LINE 18 N 0637Z O/P TAPE RS5091 -3C TO 9C 

TAPE RS4975 LINES 00001 TO 06887 
PIXELS0000l TO 00904MAGNIFICATION 01 
BAND 01 BLACK BODY 000-30 0009 



APPENDIX H 

SAMPLE REQUEST AND TASK _SHEETS 

The request sheet is filled in by the prospective user 
to expla1n his requirements to CCRS. The task sheet is 
r > r od u ce d b y C CRS a n d i s a f 1 na 1 des c r i pt i on o .E ho w th e 
project is to be f lown. The back of the task sheet con tains 
an 1temized cost breakdown for the project. 
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H.l 

REQUEST FOR AIRBORNE REMOTE 
SENSING FLIGHT 

Requesting Agency: CANADA CENTRE FOR RE.MOI'E 

SENSING 
Date of Submission: 12 MARCH, 1975 

PRINCIPAL INVESTIGATOA 

Address: 

GEORG~ FI'l'ZGE.RAW 

CANADA CENTRE FOR REMCYi'E SENSING 
2464 SHEFFIELD ROAD 
OTTAWA, ONTARIO 
KlA OE4 
ATTN: 
Office: 

AIRBORNE OPERATIOUS SECTION 
998-3101 Area (613) 

AREA 

OI'TAWA 

MAP SHEET(S) 

31ê; 

TIME PERIOD(S) 

Jun 1 - 15 
Optimum: Aug 1 - 15 

Acceptable: May 15 - Jun 30 
Aug 1 - Aug 30 

AL TITUDE(S) 

Telephone: 
Home: 123-11567 Optimum: 30,000' AGL 

t----------------------~ Acceptable: 25,000 - 35,000 
GROUND TRUTH CONTACT 

Name: 

Addw..s: SAME AS ABOVE 
SUN ANGLE: 30° 

% CLOUD: 10% 

PRIMARY SENSOR: 

Telephone: 
Office: 
Home: 

9 X 9 

a-----------------------~ FOAWARO OVERLAP: 

APPLICATION AND OBJECTIVE 

(Attach additional sheets if necessary) 

TO ENSURE THAT ALL PERTINEHT INFORMATION 
IS INCLUD.ED IN A PROJECT REQUEST 

9x9 

70mm. 

60 % 

60 % 

NOTES AND SPECIAL 

1 NSTA UCTI ONS: 

NO NOI'IFICATION NECE: 

Please attach topographie map(s) ( 1: 



H.2 REQUEST _ SHEET _ (CONTINUED) 

CAMERA 

9 X 9 

70 mm 

70 mm 

70 mm 

70 mm 

PRT 5 

6 

3 

3 

3 

3 

OTHER 
SENSORS 

LENS 

inch 

inch 

inch 

inch 

inch 

OELIVERY INSTRUCTIONS: 

?RIORITY 1 

FILM 

2443 

2402 

2402 

2424 

2445 

FIL TER 

MINUS BLUE 

.5 - .6 

.6 - .7 

.7 - .8 

RAZE 

OETECTOR 
(Spectral Range) 

8 - 14 um 

9.5 - 11.5 um 

Air Express Collect G 

3S/\RY PRIOR TO, OR AFTER FLIGlfr. 

250,000 or 1: 50,000 1eale) showing exact area to be Cùvcrcd. 

Page H- 3 

REPRODUCTION 
REQUESTED 

ROLL PRINTS 

ROLL TRANSPARENCIES 

ROLL TRANSPARENCIES 

ROLL TRANSPARENCIES 

ROLL TRANSPARENCIES 

ROLL TRANSPARENCIES 

CHART PAPER 

Normal Prepaid 0 

EMR 800 
CCRS 
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H. 3 FRONT OF TASK SHCET -------------

TIME FRAME MAPS A /C TASK 
Jun 1 - 15, Aug 1 - 15 

ttay 15 - Jun 30 31G Falcon 75-999 

Aug 1 - ~µ~ _JO 
EXP. 9" >< 9" 70 MM./CAM. CLOUD SUN OVERLAP 

9" X 9" 60% 

56 112 10% 30° 
70 mm. 60% 

ROLLS NOTES 

l 
PRIMARY SENSOR RC-10 

1 

1 1. NO PRIOR OR POST FLIGHT NO'rIFICATION NECESSARY. 

1 

1 

RECORDING 
MEDIUM 

----- -
TAPE 

TAPE 

PRIORITY: ONE 
- ·- ·· · ---· ·---

l MA 801 CCRS 
(flcv. l· ob, 74) 
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H. 4 FRONT _ OF __ TASK S HEET (CONTINUED) 

AREA REQUESTING AGENCY 
Rcquosted: 

CYl'TAWA CANADA CENTRE FOR REMCYl'.E SENSING 
Acceptable . 

PRINCIPAL INVESTIGATOR 
LINE MILES 

126 
Name: GEORGE FITZGERAW 

Address: 
CANADA CENTRE FOR REMOTE SENSIN~ 
2464 SHEFFIELD ROAD 
OTTAWA, ONTARIO 
KlA OE4 
ATTN: AIRBORNE OPERATIONS SEC. 

Telephone: 
Office: 
Home: 

998-3101 Area (613) 
123-4567 

GROUND TRUTH 

Name: 

Address: 

SAME AS ABOVE 

Telephone: 
Office: 
Home: 

(.4 lines) 

CAMERA LENS 

1 RC-10 6 inch 

2 Vinten 3 inch 

3 Vinten 3 inch 

4 Vinten 3 inch 

5 Vinten 3 inch 

l-- -------------------16 
MISSION OBJECTIVE 

TO EUSURE THAT ALL PERTINENT 7 
INFORMATION IS INCLUDED IN A PROJECT 
REPORT 

8 DAEDALUS 

9 PRT-5 

10 

11 

12 

ALTITUDE ' 

30,400 ASL 

(Datum 400) 

FILM FILTERS 

2443 525 2.0 

2402 .5 - .6 

2402 .6 - . 7 

2424 • 7 - .a 

2445 HF3 

DETECTOR 

8 - 14 

9o5 - 11.5 
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H.5 BACK OF TASK SHEET 

APPROVAL cq_~ ITTEUE7 ~ FINALIZED WITH HEOUESTOR: May 5, 1975 
/.1 0"'/&: _, 

Approvod -Ç,·./ ~I/ • t-v-~_'..ASKED: May 10, 1975 

Rejected REOUESTOR NOTIFIED PERIOO: May 30, 1975 

I♦ 
Energy, Mines and 
Resources Canada 

Énergie, Mines et 
Ressources Canada 

SENSORS FILM OR TAPE 

1. 9 X 9 67 Ft/RI@ $124.00 

2. 70 mm 43 Ft/RI@ 5.00 

J. 70 43 
Ft/AI@ 

5.00 mm 

4• 70 43 
Ft/RI@ 

9.00 mm 

5
• 70 43 

Ft/RI (a' 
25.00 mm 

6. IRLS 27 Ft/RI (w 3.00 

7. Ft/R 1 (al 
TAPE 1620 19.00 

S. NAPL Ft/RI @-.' 
CHARGE 

ESTIMATED CHA 
(Bdsed on the parametart 

INITIAL PROCESSINC 

67 Ft@ $50.00 ROLL p 

43 Ft@ 9.00 ROLL T 

43 
Ft@ 

9 .. 00 ROLL T 

43 
Ft@ 

9.00 ROLL T 

43 
Ft@ 32.00 ROLL T 

27 Ft@ 6.00 ROLL T 

Ft@ 

Ft@ 

9. SENSOR UNE MILES 126 @ $14.00 

Note: Film footage stated above includes leader and trailer required on each roll or part roll expended. 

The Principal lnvestigatc,r as narncd on the face of this document 
will normally be irivoiced :or services and rnaterial. Please insert 
your file or requisition nu,11ber or other authority that may be 
quoted on the invoice. 

~er No. 0001 
Order No. plus (applicable) signature if required 

The Project as outlined and est;, 
lt is understood that charges fo, 

may be pro-rated in ~ordance 

primary sensor. 

l 
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H.6 BACK_OF_TASK SHEET_(CONTINUED) 

CCRS OPS. ?/.lj~~ DELIVERY INSTRUCTIONS 

CFASU OPS Air Express Collect ~ 
PRIORITY: [u Normal Propaid □ 

AGES PER FLIGHT 
, outlined on the reverse) 

REPRODUCTION TOTAL 

. 
RINTS 67 Ft/Ea @ $100.00 $274.00 

RANSPARENCIES 43 Ft/Ea@ 43.00 57.00 

RANSPARENCIES 43 
Ft/Ea @ 

43.00 57.00 

RANSPARENCIES 43 
Ft/Ea@ 

43.00 61.00 

RANSPARENCIES 43 
Ft/Ea@ 

64.00 121.00 

RANSPARENCIES 27 Ft/Ea@ 26.00 35.00 

Ft/Ea @ 
19.00 

Ft/Ea C!!2 
2.00 

1764.00 

GRAND TOTAL >2390.00 

-nated ·charges are acceptable. PLEASE RETURN SIGNED COPY TO 
• a partially completed Project Canada Centre for Remote Sensing 

with results obtained from the 2464 Sheffield Road 
Ottawa, Ontario 

KlA 0E4 

Attn: Airborne Operations Section 

Telephone No. (613) 996-3101 

Telcx CCRS: 053 3777 

---·--





APPENDIX I 

REGIONAL CENTRES --------·- ·--

ALBERTA ------

C.D. Bricker 
Alberta Remote Sensing Centre 
11th Floor, Oxbridge Place 
9820, 106th Street 
Edmonton, Alberta 
Telephone: 427-2381 

BRI'fISH COLUMBIA ----------

Ms. M. Redmond 
Ministry of the Environment 
Resource Analysis Branch 
Parl1ament Buildings 
Victoria, British Columbia 
Telephone: 397-6387 

MANITOBA ----~-- -

W. Best 
Manitoba Rernote Sensing Committee 
1007 Century Street 
Winnipeg, Manitoba 
Tel ephone: 6 3 3-9 5 43 



REGIONAL CENTRES 

NEW BRUNSWICK ----- -- -·- --

B. Smith 
Department of Natural Resources 
Room 549 
Centennial Building 
Fredericton, New Brunswick 
Telephone: 453-2441 

NEWFOUNDLAND ---------

A. A. Bruneau 

Page I-2 

Faculty of Engineering anù Applied Science 
Memorial University of Newfoundland 
St. John's, Newfoundland 
Telephone: 753-1200 

NOVA SCOTIA --------

Paul Vandall, Jr. 
Bedford Institute of Oceanography 
P.O. Box 1006 
Dartmouth, Nova Scotia 
Telephone: 426-2673 

ONTARI 0 ----

v. Zs1linszky 
Ontario Centre for Remote Sensing 
Ninistry of Natural Resources 
801 Bay Street 
4th Floor 
Toronto, Ontario 
Telephone: 965-8411 

PRINCE EDWARD ISLAND ------------- ·--

N .w. Stewart 
Department of Agriculture and Forestry 
P.O. Box 1600 
Charlottetown, Prince Edward Island 
Telephone: 892-1267 
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Herve A udet 
Coordonnateur Quebecois en Teledetection 
Service de la Cartographie 
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APPENDIX J 

INF RARED RADI OMETRY --------------

J. 1 INTRODUCTION ---------

A brief description of infrared radiometry is included 
in this manual to familiarize new users of the CCRS 1nfrared 
sensors to - the basic principles of radiometry and 
measurement considerations including atmospheric parameters, 
infrared detectors, detector applications and radiometric 
calibrations. 

The wavelength reg.ion discussed is the middle to far 
infrared - approximately one to twenty micrometers. 

J.2 PRINCIPLES OF INFRARED_RADIOMETRY 

This conservation of energy law relates the power 
received and emitted by a system in thermal equilibrium. It 
s ta tes t ha t for suc h a s ys t ein: 

R = aH (2.1.1) 

whe re: 

R = The radiant emittance, or power per unit area 
emitted by the system (S). 

a= The absorptivity of S 
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H = The power per unit area striking S. 

i s a 
body. 

Si!"lce a. cannot be greater than unlty, the emitted power 
maximum for a perfect absorber, defined as a black 
For a black body: 

a. = s = 1 (2.l.2) 

where sis the emlssivity. For less eff.1cient absorbers the 
e ml s s .i v i t y .1 s c o r r e s po n di n g 1 y 1 o we r s o t ha t i n a 11 c a ses : 

s = a. (2.l.3) 

The conservation of energy may be restated as: 

Pi = Pa. + Pp + PT 

wher e: 

Pi = incident power 
Pa. = absorbed power 
Pp = reflected power 
PT = transmitted power 

which reduces to: 

whe re: 

a.+ p+T =l 

a. = a bs o rp t i vit y 
P = reflectivity 
T = transmissivity 

For an opaque body: 

(2.l.4) 
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T = 0 

theref ore: 

a = 1 - P 

a nd fr om ( 2 . .l • 3 ) 

ç, = 1 - p 

J. 2. 2 Stefan-Boltzmann Law 

This law relates total emitted power of a body to its 
absolute temperature and is stated as: 

(2. 2.1) 

where: 

T = temperature in Kelvin 
a= Stefan-Boltzmann constant 

J.2.1 Wavelength Distribution 

Formulae for calculating the spectral radiant power 
distribution and the wavelength of peak power emission are 
the Planck Radiation Formula and the Hein Displacement Law. 

Planck' s 
rule-of-thumb 
approximately 
body is a t 
emis s ion power 

formula is not included here(2} but a 
derivation from this formula indicates that 

three-quarters of the power em.i.tted from a 
longer wavelengths than the wavelength of peak 

(See Figure 30 ) 
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Wein's Displac~nent Law provides the 
calculating the wavelength of peak emission ( 

À (max) = 28 9 3T um (2 . .3 . l) 

where: 

formula 
(max) ) : 

T = temperature of emitter in Kelvin. 

J. 3 CON SI DERATIONS FOR THERMAL RADIOMETRIC MEASUREMENTS ----·----- -- - ·- -- ------------------------ - · -

for 

The above principles and formulae provide the basis for 
calculating radiation emittance from a target of a given 
temperature and emissivity an<l selecting a suitable detector 
for the predicted power and wavelength distribution. 

J • .3.1 Atmospheric Pararneters 

Constituents of the atmosphere between the target and 
t h e r em o te s en s or w i 11 ab s 9r b , e mi t , s c a t ter and r e f 1 ec t 
lnfrared radiation in the path of the detector depending on 
the nature of the atmosphere and the wavelength of the 
radiation. Figure 31 is a graph of relative atmospheric 
transmission vs wavelength. Several "windows" are ·obvious 
where atmospheric attenuatlon is relatively low. Detectors 
in general are des igned wi t:i band pass f ll ters rnatching 
these "windows". The princ.iple atmospheric components 
attenuatlng the signal in thls wavelength region are water 
vapour and carbon dioxide. For accurate quantitative 
measurements the effect of water vapour on the signal must 
be calculated if the measurement is made under conditions of 
high humidity and long path length. 



Page J-5 

J . 3 . 2 I n f ra r ed _De te c t or s 

The infrared detectors for the CCRS I.R. scanners and 
radiation thermometers described elsewhere in th.is manual, 
respond and are filtered to the nominal infrared atmospheric 
" w i nd o w s" o f 3- 5 um a nd 8 -1 4 u m a n d a r e c a pa b 1 e of be in g 
filtered to different bandpasses within these regions. 

The detectors for the I.R. scanners are photon 
responsive ùetectors. The radiation thermometers employ 
thermistor type detectors that are thermal or heat sensing 
devices. 

J.1.1 Detector Ae_p_lication 

The choice of a detector or detectors for a particular 
application depends on many factors .including: the need for 
quantitative measurement , the temperature of the target and 
the corresponding spectral wavelengths, · the emissivity 
versus wavelength and the atmospheric parameters. 

Typ.ically, remote sensing 
made to guantify terrain or 
areal distribution. 

Recently, techniques have 
sensing infrared measurements 
composition of the terrain by 
w a ve l en g th s and ra t io .i ng the 
spectral emissivity signatures. 

J.3.4 Radiometric Calibr~tions 

infrared measurements are 
target temperature over some 

been developed to use remote 
to characterize the nature or 
utilizing several infrared 
s.ignals to determ.ine the 

Radiometric calibration for the infrared scanners is 
provided by two temperature controlled black body references 
that each fill the field of view of the scanning opt.ics once 
per scan . The reference temperatures are set to nominally 
bracket the expected range of terrain tarqet ternperatures. 
The recording of the infrared signal from each scan conta.ins 
the reference temperatures. Subsequent data processing 
extracts the apparent temperature of a given scene element 
by interpolation of th.is signal between the two reference 
si0nals . (See section 5.9) 
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This linear interpolation does 
because radiation varies as the 
temperature. (Equation 2.2.1) Figure 
error for a given set of conditions. 

introduce some error 
fourth power of the 
32 demonstrates this 

The calibration for the radiation thermometer is a lab 
transfer calibration using a temperature controlled black 
body source and this transfer calibration is includeà with 
the data record. 

F igure 30 
IOO WAVELENGTH IN NANOMETERS , 

Spectral Distribution of 
from a Black Body 

10~ 

10 

100,~ 

Radiant Power 
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K.l ELECT ROMAGN E'fI c_s PECTRA L C HARAC'rERI STIC ~~~D_ DETECTORS ~--- --- --- - ~- - - -
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K.2 SOME SPEC'.l'RAL CHARAC'l'ERIST!_CS OF FALSE COLOUR FILM 
------- --- - - - ··- ·- - -- ·-

COLOUROF 
ORIGINAL SEEN 

GREEN 

RED 

YELLOW 

BLUE 

BLACK 

IR 

GR&IR 

R&IR 

Y &IR 

WHITE & IR 

THE 3 SENSITIVE 
LAYERS ON THE FILM. 

1 IR I GR I R 1 

COLOUROF POS 
IMAGE 

BLUE 

GREEN 

CYAN 

BLACK 

BLACK 

RED 

MAGENTA 

YELLOW 

WHITE 

WHITE 

MAGENTA: BL+ R 
YELLOW : R + GR 
CYAN :BL+GR 
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K.1 CALIBRATED FOCAL LENGTHS OF CCRS METRIC CAMERAS ----------------- ---- --- ------- - -----

Camera Lens Nominal Fil ter Calib. Ca lib. 
No. F. L. and F.L. Date 

No. (mm) 

RC- 8 UAG 385 6.0 in. 5 40 2.2 44 9 .1 151.948 3/09/76 

NAV 2.2 4 518 1 51. 9 4 8 3/09/76 

RC-10 UAG-II 3 005 6.0 in. 5 25 2.0 4 315 153.l22 13/ 0 1/ 7 5 

RC-10 UAG-I I 3 022 6.0 in. 4 20 2.0 45 70 153.000 11/ 0 6/ 7 4 

RC-10 UAG-II 3 03 4 6.0 in. 5 25 2.0 4 360 15 3. 282 11/ 0 2/ 75 

RC-10 UAG-I I 3 0 48 6.0 in. 153.30 0 l / 0 2/ 7 5 

RC-10 UAG-II 3 073 6.0 in. 5 25 2.0 49 64 15 .3.681 16/ 0 3/ 7 6 
4 20 2.0 4 9 66 153.682 16/ 0 3/ 7 6 

RC-10 SAG-II 2 0 07 3.5 in. 5 20 3. 3 39 53 88.091 2 4/ 0 2/ 7 5 
5 00 2.2 34 34 88.088 30/ 0 3/ 7 3 
7 00 2.2 36 61. 8 8. 1 22 14/09/70 

RC-10 SAG-I I 2 0 37 3.5 .in. 5 45 4.4 45 37 8 8. 4 48 2 4/ 0 2/ 7 5 

RC-10 SAG-I I 2 0 61 3.5 in. 5 25 3.0 4253 88.927 24/02/75 
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'f HE VARIA BI LI TY OF AE ROCH ROME INFRARED FILM ------------------------- -- - - ---

The Virtues of Necessity: 

Exploiting the Variability 
of 

Aerochrome Infrared Film 

ABS 'fRACT ------

Sorne non-standard descriptive parameters that have been 
found useful in dealing with the unique attributes of 
Aerochrorne Infrared film are defined. One of these, 
designated "IR-Balance", has been employed in compilation of 
a histogram illustrating the range of variability 
e ne o un ter e d i n p ra c t i ce ove r a th r ee -y e a r p e rio d . Th e 
manner in which the variability is exploited for 
high-alt.itude use by the Airborne Operations Section of the 
Canada Centre for Remote Sensing is briefly descussed. 
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The characteristics and applications of Aerochrome 
Infrared Type 244.3 film have been described in the 
literature of remote sensing and elsewhere. (1,2) Its 
limitations as a high-altitude sensor have also been 
recognized and suggestions a<lvanced to compensate for those 
limitations. (2) An alternative approach may also be 
available to sorne users of this unique remote sensing tool 
who have a particular interest in its high-altitude 
applications. Sorne large-volume users of colour infrared 
film are undoubtedly aware of the possibility of exploiting 
its variability, (5) but occasional users wit~out access to 
close sensitometric controls and statistical data may be 
unaware of the pitfalls of failure to compensate for the 
variables. 

To review briefly, Aerochrome Infrared Type 2443 is a 
high-contrast, integral tri-pack reversal colour film whose 
sensitivity ta near-IR radiation is deliberately made about 
1 1/2 stops less with respect to daylight illumination than 
the sensitivities of the other two layers to visible red and 
~reen light respectively. It is always used in conjunction 
with a sharp-cutting minus-blue filter such as the Wratten 
112 in order to exclude the blue light to which all three 
layers are sensitive. 

The near-IR reflectivity of trees, field crops, and 
other vegetative caver tends to be closely correlated with 
plant vigour. Since the high-contrast colour 
characteristics of the film render variations of 
IR-reflectivity visible to the photo interpreter long before 
the effects of stress become apparent to the eye of an 
observer on the ground, Aerochrome Infrared has become 
widely used by foresters, agricultural scientists and others 
who wish to map the areal distribution of insect 
infestation, disease, moisture or other biological stress. 

The difference of sensitivity {i.e. speed) of the 
layers is illustrateù graphically by the typical 
characteristic curves of Figure 34, in which it rnay be seen 
that the curve of the IR-sensitive layer lies ta the right 
of the curves of the other two layers at a distance of 
approximately 0.15 on the Log E scale. A film with the 
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characteristics illustrated by Figure 34 works well at 
ground level or from low altituje. In this range, the 
excess of reflected IR radiation from healthy deciduous 
foliage is sufficient to reduce the cyan dye concentration 
in the IR-sensitive layer below that required for neutral 
rendition, sa that variations in the intensity of radiation 
reflected from abjects of high IR-reflectance (e.g. 
deciduous folia~e) become apparent as variations in the 
degree of red saturation in their images. 

With increasing altitude, however, the ratio of 
reflected IR ta visible radiation is reduced, by absorption 
of IR and by increased upward scattering of visible light in 
the longer atmospheric optical path between the aerial 
camera and the ground. ( 2) Although the rate of change of the 
ratio with altitude is not precisely predictable, being a 
f un c t i on of bo th pa th 1 en g th and w a t e r- va po u r con c en tr a t ion , 
it becomes desirable ta increase the IR sensitivity of the 
film relative to the sensitivity to visible radiation if one 
wishes to a~hieve a high-altitude result comparable ta that 
obtainable from low altitudes. 

L. 2 DE SCRIPT IVE __ PA RAM E'l'E RS 

At this point it is necessary to define certain ad hoc 
descriptive parameters that the author has found helpful in 
dealing with the unique attributes of Aerochrome Infrared 
film. Because of the uniqueness of the material there are 
no widely recognized standard procedures for determination 
of film speed, colour balance, etc. An attempt has been 
made to adhere reasonably closely to an ANSI standard, with 
the abject of achieving numerical values of film speed 
consistent with use of exposure photometers or other 
auxiliary equi~nent calibrated in accordance with standard 
criteria, as well as permitting valid comparisons with more 
fillniliar materials to which existing standards are directly 
applicable. 

L . 1 F I LM S P E ED ---··-----

There is available to date no standard proc edure for 
the determination of the effective s p e ed of ae rial colour 
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films in general, nor for determining the speed of colour 
infrared film in particular. The nearest thing appears to 
be ANSI Standard PH.2.21-1972 (4) which is applicable to 
reversal colour films. The effective speed of Aerochrome 
Infrared is therefore deterrnined frorn the characteristic 
curves in accordance with the criteria specified by the 
above standard, and is designated EAFS. The average value 
of film speed so deterrninecl for Aerochrmne Infrared is about 
ASA 5 0. 

L.4 VISIBLE SPEED AND IR SPEED 

Since Aerochrome IR includes one IR-sensitive layer 
which is <leliberately made . slower than the other two layers 
whose speeàs are more nearly equal, it has been _found useful 
to determine one speed value for the IR-sensitive layer 
AFS(ir) and another composite speed value AFS(vis) 
representing the mean speed of the recl and green sensitive 
1 aye rs. 

Film speed is usually expressed as a simple inverse 
function of the exposure required to produce a specified 
level of density under specified conditions; i.e. 

S = k/E 

where E is exposure in lux secs. and K is a 
selected to meet some specified condition. 

constant 

Bence the visible-speed and IR-speed have been defined 
as follows: 

AFS(vis) = 4.72/E(vis) 

where E(vis) = value of E midway between the green and 
b 1 ue cu r ve s a t D = 1 ( * ) 

and: 
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AFS(ir) = 10.4/E (ir) 

where E(ir) = value of E where the red curve intersects 
D= 1 (*) 

(*) D = Status A integral diffuse density. 

L. 5 I R-I3ALANCE 

The horizontal separation between the two points 
referred to above has been designated "IR-balance" (Ref. 
Figure 34) and appears tci be a key parameter for use in 
categorizing Aerochrorne Infrared ernulsions as to their 
suitability for use at various altitudes. For convenience 
the decimal point is ignored -- e.g., a separation of 0.35 
log units is expressed as an IR-balance of 35. 

L.6 CHOICE OF CONSTANTS ----- ··----- --- -- -

The constants 4.72 and 10.4 respectively were selected 
so that the numerical valu€s of EAFS, AFS(vis) and AFS(ir) 
will all be equal when the IR-balance is 35. An Aerochrome 
infrared emulsion which exhibits such a value of IR-balance 
is designated "normal" . for several reasons: 

1. It conforms closely to the rnanufacturer's published 
data. 

2. It produces excellent irnagery at ground level 
from low altitudes. 

and 

3. A significant proportion of the ernulsions tested to 
d a te fa 11 in th a t c a t eg or y • 
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L.7 ENHANCEMENT_OF_THE_IR_SENSITIVITY 

Enhancement of the relaiiv~ IR-sensitivity may be 
accomplished by reducing the length of the IR-balance 
vector, either by shifting the IR curve to the left (IR 
enhancement) or by shifting the other two curves to the 
r ig h t ( v i s i b 1 e a t te nua t ion) . 

L.8 RELATIVE IR ENHANCEMENT BY VISIBLE ATTE~UATION 

Enhancement of the relative IR sensitivity by means of 
"m i nus -v i si b 1 e " f i 1 t ra t ion h a s be en ad vo c a te d a s a p ra c t i c a 1 
means of achieving high altitude results on Aerochrome IR 
film that compare favourably with those obtainable from low 
altitudes. (2) It is an effective expedient if one can afford 
the concomitant loss of effective film speed f~om the added 
filters, which may be as muchas two full stops at 35,000 
feet; and it may be the only expedient available to those 
wh o rn us t wo r k w i th a 1 i mit e d su pp 1 y of Type 2 4 4 3 e mu 1 si on . 

The set of characteristic curves designated "a" in 
Figure 35 illustrates the effect of exposing a normal 
Acrochrome Infrared emulsion through a CC 40 Blue filter in 
conjunction with the usual Wratten 112 "minus-blue" filter. 
The Wratten il2 plus CC ·40B co:nbinat.ion represents 
"minus-visible" filtration which attenuates the visible 
portion of the spectrum while allowing almost unimpeded 
transmission of the near infrared, since bath filters have 
infrared windows. Note the loss of effective film speed 
amounting to a full stop, as a consequence of having to 
a pp ly a fil ter factor. 

When one attempts to use AerochrŒne Infrared film in a 
wide-angle or super-wid~-angle aerial survey camera in which 
lens speed and uniformity of focal plane illumination have 
had to be sacrificed in faveur of minimum geometric 
distortion and maximum _resolution, the loss of . effective 
fil m speed as a consequence of IR-balancing filtration 
presents a serious limitation. 

The best modern super-wide-angle lenses limit the 
maximum radial destortion to less than l 0 um across a field 
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of view of up to 125 degrees, but this is accompanied by 
severe vignetting at the maximum aperture of F/4 which 
reduces illumination of images in the corners of the format 
to about 20% of that available at the principle point. To 
counteract the effects of the severe off-axis illumination 
fall-off, a heavy anti-vignetting filter is employed having 
an axial attenuation factor of 4.4X -- i.e., at a penalty of 
more than two stops in effective speed of the central 
portion of the field. The further loss of up to two more 
stops due to use of "minus-visible" filtration leaves one 
with a rather slow-speed aerial photographie system that .is 
seriously limite<l with respect to season and time of day 
when acceptable photography may be secured from high 
altitudes on Aerochrome Infrared film with a 
s upe r-w ide-angle camera. 

L.9 REAL IR ENHANCEMENT BY SELECTION ----- - ---·- - --------------

A more attractive approach to IR-enhancement for high 
altitude use lies in the possibility of improving the 
IR-balance by a genuine increase in the speed of the 
IR-sensitive layer i.e., by moving the IR curve to the 
left, rather than by moving the other curves to the right by 
using absorption filters involving a fil ter factor. (e.g., 
See characteristic curves designated "B" in Figure 35.) 

There is no magic formula for increasing at will the 
sensitivity of any given layer of a multi-layer film. 
However, analys.is of many rolls of Aerochrome Infrared Type 
2443 film has indicated that in many cases the IR-sensitive 
layer is significantly faster than in the case of "normal" 
film. Usin~ the descriptive parameters defined earlier, the 
sensitometric data from several hundred rolls _ of l-\erochrome 
IR f ilrn, representi.rHJ many different emulsion batches, have 
been analysed and the cmulsions categorized according to 
IR-balance. l\. ratber surµrising range of IR-balance has 
been encountered, from a minimum value of 10 to a maximum 
greater than 50. The frequency distribution of IR-balance 
among rolls exposed by the Canada Centre for Remote Sensing 
over the past three operating seasons is illustrated by the 
histogram of Figure 36. Fortunately, most of the departures 
from "normal" are in the direction of enhanced 
IR-sensitivity which can be exploited for high altitude use. 
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L.10 APPLICATION - 'l'O CCRS_CPERATIONS 

S toc k s of A e roc h rom e I n f ra r ed T y p e 2 4 4 3 f i lm h e 1 d in 
cold storage by CCRS are subjecteù to periodic testing and 
categorization on t:1e basis of IR-balance, by sensitometric 
analysis of representative samples of all ernulsion nurnbers 
on hand, and occasionally on specific rolls for specific 
p u rp ose s . Tho s e em u 1 s ions c a t eg or i z ed n s " I R- e nh a n ce d" a r e 
rc~served for high-a ltitude use, or for other applications 
requiring more nearly equalized iayer sensitivities. 
Emulsions in the "normal" category are used at low altitudes 

i.e., up to 3,000 feet -- without modification, or at 
higher altitudes only with appropriate "minus-visible" 
f i 1 t rat ion . 

The very small number of the "IR-degraded" category 
must be brought into normal balance, usually requiring CC 
magenta filters, before use at any altitude. 
A 1 t i t u de -c omp e ns a tin g f i 1 t ra t ion i s th en ad d ed a s n e ce s sa r y, 
but the overall filter factor which results generally rules 
out the use of "IR-degraded" emulsions in super-wide-angle 
cameras. 

The roll-to-roll variability of IR-balance of a given 
emulsion number has been found to be gratifyingly small. In 
the case of fres h film, stored at -18 degrees C. and 
handled with all reasonable care, it is likely that the 
IR-balance can be maintained within +/- 3 units of the mean 
value • for that ernulsion throughout an entire operating 
season. 

In the case of emulsions that have been held in storage 
for up to three years, the range of variability is greater 
and a slow drift in the direction of degraded IR-sensitivity 
is detectable in the sensitometric data from periodic 
re-checks. However, thes·e data enable us to specify 
compensating filtration if necessary to ensure a greater 
degree of consistency in_ the output of Aerochrome . Infrared 
irnagery at all altitudes. 
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L.ll INSTRUMENTATION ----·-- -··- - - -- ·--

All sensitornetric data are based on rneasurernent of 
step-wedges exposed in a sensitometer designe~ and 
calihrated by the National Research Council of · Canada, 
meeting the requirenents of the ICAS Specification for 
Aerial Survey Photoyraphy, · 1973. {6) The illuminant is 
standard air photo daylight( 7) and the effective exposure 
tine is 1/113 sec o nd. 

Densities are measured on a controlled photo-electric 
densitometer, fitted with a Status A filter turr e t. 

All films are processed under close control by the 
Reproduction Centre of the National Air Photo Library in a 
Kodak RT 1811 continuous processor using EAS chemistry. 
Process control is independent of the sensitornetric wedges 
printed on all operational rolls of film. 
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Figure 34 -- Typical characteristic curves of Aerochrome 
Infrared Type 2443 film of "normal" IR-balance; i.e. 
the length of the IR-balance vector is approxirnately 
0.35 on the Log Escale. 
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