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General note 

Learning Objectives (LOs) provide a detailed breakdown of the PCAA syllabi for Flight Crew Licensing.  
LOs are derived from the technical theoretical knowledge requirements as specified in ICAO Annex 1, 
based on the PCAA requirements and standards, using industry best practices. 

The detailed theoretical knowledge syllabus outlines the topics that should be taught and examined in 
order to meet the theoretical knowledge requirements appropriate to Instrument Rating (Aeroplane 
/ Helicopter). 

Contents: 

For each topic in the detailed theoretical knowledge syllabus, one or more Learning Objectives are set 
out in the chapters as shown below. 

Reference Subject Chapter 

010 Air law and ATC procedures A. 

020 

022 

Aircraft General Knowledge 

Instrumentation 

B. 

030 

033 

Flight planning and  performance  

Flight planning & monitoring 

C. 

 

040 Human performance & limitations D. 

050 Meteorology E. 

060 

062 

Navigation 

Radio navigation 

F. 

 

070 Operational Procedures G 

090 

 

Communications 

Communications 

H. 

The applicable Learning Objectives for instrument rating are marked with an ‘x’. 

The Learning Objectives define the theoretical knowledge that a student should have assimilated on 
successful completion of an approved theoretical-knowledge course prior to undertaking the 
theoretical-knowledge examinations. They refer to measurable statements of the skills and knowledge 
that a student should be able to demonstrate following a defined element of training. 

The Learning Objectives are intended to be used by an ATO when developing FCL theoretical-
knowledge elements of the appropriate course. It should be noted, however, that the Learning 
Objectives do not provide aready-made ground-training syllabus for individual ATOs and should not 
be seen by organization(s) as a substitute for thorough course design.
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A. SUBJECT 010 - AIR LAW 

The subjects ‘Airlaw’ and ‘ATC procedures’ are primarily based on ICAO documentation and PCAA 
regulations and standards. 

Syllabus 
reference 

Syllabus details and associated Learning Objectives Instrument 
Rating 
(A & H) 

010 00 00 00  AIR LAW  

010 04 00 00 PERSONNEL LICENSING  

010 04 01 00 ICAO Annex 1  

010 04 01 01 Differences between ICAO Annex 1 and the Aircrew Regulation (National)  

01 Describe the relationship and differences between ICAO Annex 1 and the 
Aircrew Regulation. 

X 

010 04 02 00 National Regulations - FCL  

010 04 02 01 Definitions  

01 Define the following: 

category of aircraft, cross-country, dual instruction time, flight time,  
instrument time, instrument flight time, instrument ground time, MCC, 
multi-pilot aircraft, night, private pilot, proficiency check, renewal, 
revalidation, skill test, solo flight time, type of aircraft. 

X 

010 04 02 02 Content and structure  

03 Explain the requirements to act as a flight crew member of a civil aircraft 
registered in a State for IFR operations. 

X 

010 04 02 05 Ratings  

03 Explain the requirements for instrument ratings, the IR validity and 
privileges. 

X 

010 05 00 00 RULES OF THE AIR  

010 05 01 00 Definitions of ICAO Annex 2  

01 Explain the definitions of ICAO Annex2. X 

010 05 02 00 Applicability of the Rules of the Air  

09 Describe the requirements when carrying out simulated instrument flights. X 

11 Explain the requirements for the submission of an ATS flight plan. X 

15 Explain the procedures for closing a flight plan. X 

16 State for which flights an air traffic control clearance shall be obtained. X 

17 State how a pilot may request an air traffic control clearance. X 

18 State the action to be taken if an air traffic control clearance is not 
satisfactory to a pilot-in-command. 

X 
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Syllabus 
reference 

Syllabus details and associated Learning Objectives Instrument 
Rating 
(A & H) 

19 Describe the required actions to be carried out if the continuation of a 
controlled VFR flight in VMC is not practicable anymore. 

X 

20 Describe the provisions for transmitting a position report to the appropriate 
ATS unit including time of transmission and normal content of the message. 

X 

21 Describe the necessary action when an aircraft experiences a COM failure. X 

22 State what information an aircraft being subjected to unlawful interference 
shall give to the appropriate ATS unit. 

X 

010 05 04 00 Visual Flight Rules (VFRs)  

01 Describe the Visual Flight Rules as contained in Part X Section2 of CARs 1994 
and Chapter 4 of ICAO Annex 2 

X 

010 05 05 00 Instrument Flight Rules (IFRs)  

01 Describe the Instrument Flight Rules as contained in Part X Section 3 of 
CARs 1994 and Chapter 5 of ICAO Annex 2. 

X 

010 06 00 00 PROCEDURES FOR AIR NAVIGATION SERVICES — AIRCRAFT OPERATIONS 
(PANS-OPS) 

 

010 06 01 00 Foreword and introduction  

01 Translate the term ‘PANS-OPS’ into plain language. X 

02 State the general aim of PANS-OPS Flight Procedures (ICAO Doc 8168, 
Volume I). 

X 

010 06 02 00 Definitions and abbreviations  

01 Recall all definitions included in ICAO Doc 8168, VolumeI,PartI,Chapter1. X 

02 Interpret all abbreviations as shown in ICAO Doc 8168,Volume I, Part I, 
Chapter2. 

X 

010 06 03 00 Departure procedures  

010 06 03 01 General criteria (assuming all engines operating).  

01 Name the factors dictating the design of instrument-departure procedures. X 

02 Explain in which situations the criteria for omni directional departures are 
applied. 

X 

010 06 03 02 Standard instrument departures (SIDs)  

01 Define the terms ‘straight departure’ and ‘turning departure’. X 

02 State the responsibility of the operator when unable to utilize the 
published departure procedures. 

X 
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010 06 03 03 Omni directional departures  

01 Explain when the ‘omni directional method’ is used for departure. X 

02 Describe the solutions when an omni directional procedure is not possible. X 

010 06 03 04 Published information  

01 State the conditions for the publication of a SID and/or RNAV route. X 

02 Describe how omni directional departures are expressed in the 
appropriate publication. 

X 

010 06 03 05 Area Navigation (RNAV) departure procedures and RNP-based 
departures 

 

01 Explain the relationship between RNAV/RNP-based departure procedures 
and those for approaches. 

X 

010 06 04 00 Approach procedures  

010 06 04 01 General criteria  

01 General criteria (except the table ‘Speeds for procedure calculations’) of 
the approach procedure design: 

- Instrument approach areas; 

- accuracy of fixes; 

- fixes formed by intersections;  

- intersection fix-tolerance factors; 

X 

01 - other fix-tolerance factors; 

- approach area splays; 

- descent gradient. 

X 

02 Name the five possible segments of an instrument approach procedure. X 

03 Give reasons for establishing aircraft categories for the approach. X 

04 

 

State the maximum angle between the final approach track and the 
extended RWY centerline to still consider a non-precision-approach as 
being a ‘straight-in approach’. 

X 

05 State the minimum obstacle clearance provided by the minimum sector 
altitudes (MSAs) established for an aerodrome. 

X 

06 Describe the point of origin, shape, size and subdivisions of the area used 
for MSAs. 

X 

07 State that a pilot shall apply wind corrections when carrying out an 
instrument-approach procedure. 

X 

08 Name the most significant performance factor influencing the conduct of 
instrument-approach procedures. 

X 
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09 Explain why a pilot should not descend below OCA/Hs which are 
established for an instrument approach procedure. 

X 

10 Describe in general terms the relevant factors for the calculation of 
operational minima. 

X 

11 Translate the following acronyms into plain language: 

DA, DH, OCA, OCH, MDA, MDH,MOC, DA/H, OCA/H,MDA/H. 

X 

12 Explain the relationship between the terms: 

DA, DH, OCA, OCH, MDA, MDH,MOC, DA/H, OCA/H,MDA/H. 

X 

010 06 04 02 Approach-procedure design  

01 Describe how the vertical cross section for each of the five approach 
segments is broken down into the various areas. 

X 

02 State within which area of the cross section the Minimum Obstacle 
Clearance (MOC) is provided for the whole width of the area. 

X 

03 Define the terms ‘IAF’, ‘IF’, ‘FAF’, ‘MAPt’ and ‘TP’. X 

04 Name the area within which the plotted point of an intersection fix may 
lie. 

X 

05 Explain by which factors the dimensions of an intersection fix are 
determined. 

X 

06 State the accuracy of facilities providing track guidance (VOR, ILS, NDB). X 

07 Describe the ‘other fix-tolerance factors’: 

Surveillance radar (Terminal Area Radar(TAR)), EnRoute Surveillance Radar 
(RSR), DME, 75MHz marker beacon, fixes overhead a station(VOR,NDB). 

X 

08 Describe the basic information relating to approach-area splays. X 

09 State the optimum descent gradient (preferred for a instrument  approach) 
in degrees and percent. 

X 

010 06 04 03 Arrival and approach segments  

01 Name the five standard segments of an instrument APP procedure and 
state the beginning and end for each of them. 

X 

02 Describe where an ARR route normally ends. X 

03 State whether or not omni directional or sector arrival scan be provided. X 

04 Explain the main task of the initial APP segment. X 

05 Describe the maximum angle of interception between the initial APP 
segment and the intermediate APP segment (provided at the intermediate 
fix) for a precision approach and anon-precision approach. 

X 

06 Describe the main task of the intermediate APP segment. X 

07 State the main task of the final APP segment. X 

08 Name the two possible aims of a final APP. X 
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09 Explain the term ‘final approach point’ in case of an ILS approach. X 

10 State what happens if an ILS GP becomes inoperative during the APP. X 

010 06 04 04 Missed approach  

01 Name the three phases of a missed-approach procedure and describe their 
geometric limits. 

X 

02 Describe the main task of a missed-approach procedure. X 

03 State at which height/ altitude the missed approach is assured to be 
initiated. 

X 

04 Define the term ‘missed approach point (MAPt)’. X 

05 Describe how an MAPt may be established in an approach procedure. X 

06 State the pilot’s reaction if, upon reaching the MAPt, the required visual 
reference is not established. 

X 

07 Describe what a pilot is expected to do in the event a missed approach is 
initiated prior to arriving at the MAPt. 

X 

08 State whether the pilot is obliged to cross the MAPt at the height/altitude 
required by the procedure or whether they are allowed to cross the MAPt 
at an altitude/height greater than that required by the procedure. 

X 

010 06 04 05 Visual maneuvering (circling) in the vicinity of the aerodrome  

01 Describe what is meant by ‘visual maneuvering (circling)’. X 

02 Describe how a prominent obstacle in the visual maneuvering (circling) area 
outside the final-approach and missed-approach area has to be considered 
for the visual circling. 

X 

03 State for which category of aircraft the obstacle-clearance altitude/ height 
within an established visual- maneuvering (circling) area is determined. 

X 

04 Describe how an MDA/H is specified for visual maneuvering (circling) if the 
OCA/H is known. 

X 

05 

 

State the conditions to be fulfilled before descending below MDA/H in a 
visual-maneuvering (circling) approach. 

X 

06 Describe why there can be no single procedure designed that will cater for 
conducting a circling approach in every situation. 

X 

07 State how the pilot is expected to behave after initial visual contact during 
a visual maneuvering (circling). 

X 

08 Describe what the pilot is expected to do if visual reference is lost while 
circling to land from an instrument approach. 

X 
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010 06 04 07 Use of FMS /RNAV equipment to follow conventional non-precision 
approach procedures 

 

01 State the provisions for flying the conventional non-precision approach 
procedures using FMS/RNAV equipment. 

X 

010 06 05 00 Holding procedures  

010 06 05 01 Entry and holding  

01 Explain why deviations from the in-flight procedures of a holding established 
in accordance with Doc8168 are dangerous. 

X 

02 State that if for any reasons a pilot is unable to conform to the procedures for 
normal conditions laid down for any particular holding pattern, they should 
advise ATC as early as possible. 

X 

03 Describe how right-turn holding scan be transferred to left-turn holding 
patterns. 

X 

04 Describe the shape and terminology associated with the holding pattern. X 

05 State the bank angle and rate of turn to be used whilst flying in a holding 
pattern. 

X 

06 Explain why pilots in a holding pattern should attempt to maintain tracks and 
how this can be achieved. 

X 

07 Describe where outbound timing begins in a holding pattern. X 

08 State where the outbound leg in a holding terminates if the outbound leg is 
based on DME. 

X 

09 Describe the three heading-entry sectors for entries into a holding pattern. X 

10 Define the terms ‘parallel entry’, ‘offset entry’ and ‘direct entry’. X 

11 Determine the correct entry procedure for a given holding pattern. X 

12 State the still air time for flying the outbound entry heading with or without 
DME. 

X 

13 Describe what the pilot is expected to do when clearance is received specifying 
the time of departure from the holding point. 

X 

010 06 05 02 Obstacle clearance (except table)  

01 Describe the layout of the basic holding area, entry area and buffer area of a 
holding pattern. 

X 

02 State which obstacle clearance is provided by a minimum permissible holding 
level referring to the holding area, the buffer area (general only) and over 
high terrain or in mountainous areas. 

X 

010 06 06 00 PANS-OPS (ICAO Doc 8168, Volume III) Altimeter-setting procedures  

010 06 06 01 Basic requirements and procedures  

01 Describe the two main objectives of altimeter settings. X 



A. SUBJECT 010 - AIRLAW 

  

Page 7 of 145 

 

02 Define the terms ‘QNH’ and ‘QFE’. X 

03 Describe the different terms for altitude or flight levels respectively which are 
the references during climb or descent to change the altimeter setting from 
QNH to 1013.2 hPa and vice versa. 

X 

04 Define the term ‘Flight Level (FL)’. X 

05 State where flight level zero shall be located. X 

06 State the interval by which consecutive flight levels shall be separated. X 

07 Describe how flight levels are numbered. X 

08 Define the term ‘Transition Altitude’. X 

09 State how Transition Altitudes shall normally be specified. X 

10 Explain how the height of the Transition Altitude is calculated and expressed 
in practice. 

X 

11 State where Transition Altitudes shall be published. X 

12 Define the term ‘Transition Level’. X 

13 State when the Transition Level is normally passed on to the aircraft. X 

14 State how the vertical position of the aircraft shall be expressed at or below 
the Transition Altitude and Transition Level. 

X 

15 Define the term‘ Transition Layer’. X 

16 Describe when the vertical position of an aircraft passing through the 
transition layer shall be expressed in terms of flight levels and when in terms 
of altitude. 

X 

17 State when the QNH altimeter setting shall be made available to departing 
aircraft. 

X 

18 Explain when the vertical separation of an aircraft during enroute flight shall 
be assessed in terms of altitude and when in terms of flight levels. 

X 

19 Explain when, in air–ground communications during an enroute flight, the 
vertical position of an aircraft shall be expressed in terms of altitude and when 
in terms of flight levels. 

X 

20 Describe why QNH altimeter-setting reports should be provided from 
sufficient locations. 

X 

21 State how a QNH altimeter setting shall be made available to aircraft 
approaching a controlled aerodrome for landing. 

X 

22 State under which circumstances the vertical position of an aircraft above the 
transition level may be referenced to altitudes. 

X 

010 06 06 02 Procedures for operators and pilots  

01  State the three requirements that selected altitudes or selected flight levels 
should have. 

X 
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02 Describe a pre-flight operational test in case of QNH setting and in case of QFE 
setting including indication (error) tolerances referred to the different test 
ranges. 

X 

03 State on which setting a least one altimeter shall be set prior to take-off. X 

04 State where during the climb the altimeter settings shall be changed from 
QNH to1013.2 hPa. 

X 

05 Describe when a pilot of an aircraft intending to land at an AD shall obtain the 
transition level. 

X 

06 Describe when a pilot of an aircraft intending to land at an AD shall obtain the 
actual QNH altimeter setting. 

X 

07 State where the altimeter settings shall be changed from 1013.2hPa to QNH 
during descent for landing. 

X 

010 06 07 00 Simultaneous operation on parallel or near-parallel instrument runways  

01 Describe the difference between independent and dependent parallel 
approaches 

X 

02 Describe the following different operations: 

- simultaneous instrument departures; 

- segregated parallel approaches/departures; -  

- semi-mixed and mixed operations 

X 

03 Describe the terms ‘normal operating zone (NOZ)’ and ‘no transgression zone 
(NTZ)’. 

X 

04 Name the aircraft equipment requirements for conducting parallel instrument 
approaches. 

X 

05 State under which circumstances parallel instrument approaches may be 
conducted. 

X 

06 State the radar requirements for simultaneous, independent, parallel 
instrument approaches and how weather conditions effect these. 

X 

07 State the maximum angle of interception for an ILS localizer CRS or MLS final 
APP track in case of simultaneous, independent, parallel instrument 
approaches. 

X 

08 Describe the special conditions for tracks on missed approach procedures and 
departures in case of simultaneous, parallel operations. 

X 

010 06 08 00 Secondary surveillance radar (transponder) operating procedures  

010 06 08 01 Operation of transponders  

01 State when and where the pilot shall operate the transponder. X 

02 State the modes and codes that the pilot shall operate in the absence of any 
ATC directions or regional air navigation agreements. 

X 

03 Indicate when the pilot shall operate Mode C. X 
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04 State when the pilot shall ‘SQUAWK IDENT’. X 

05 State the transponder mode and code to indicate: 

- a state of emergency; 

- unlawful interference. 

- communication failure; 

X 

06 Describe the consequences of a transponder failure in flight. X 

07 State the primary action of the pilot in the case of an unserviceable 
transponder before departure when no repair or replacement at the given 
aerodrome is possible. 

X 

010 06 08 02 Operation of ACAS equipment  

01 Describe the main reason for using ACAS. X 

02 Indicate whether the ‘use of ACAS indications’ described in Doc8168 is 
absolutely mandatory. 

X 

03 Explain the pilots’ reaction required to allow ACAS to fulfil its role of assisting 
pilots in the avoidance of potential collisions. 

X 

04 Explain why pilots shall not manoeuvre the air aircraft in response to Traffic 
Advisories only. 

X 

05 Explain the significance of Traffic Advisories in view of possible Resolution 
Advisories. 

X 

06 State why a pilot should follow Resolution Advisories immediately. X 

07 List the reasons which may force a pilot to disregard a Resolution Advisory. X 

08 Decide how a pilot shall react if there is a conflict between Resolution 
Advisories in case of an ACAS/ACAS coordinated encounter Resolution 
Advisories. 

X 

09 Explain the importance of instructing ATC immediately that a Resolution 
Advisory has been followed. 

X 

10 Explain the duties of a pilot as far as ATC is concerned when a Resolution 
Advisory situation is resolved. 

X 

010 07 00 00 AIR TRAFFIC SERVICES AND AIR TRAFFIC MANAGEMENT  

010 07 01 00 ICAO Annex 11 – Air Traffic Services  

010 07 01 01  Definitions  

01 Recall the definitions given in ICAO Annex 11. X 

010 07 01 02 General  

01 Name the objectives of Air Traffic Services (ATS). X 

02 Describe the three basic types of Air Traffic Services. X 

03 Describe the three basic types of Air Traffic Control services (ATC). X 
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04 Indicate when aerodrome control towers shall provide an accurate time check 
to pilots. 

X 

05 State on which frequencies a pilot can expect ATS to contact them in case of 
an emergency. 

X 

06 Understand the procedure for the transfer of an aircraft from one ATC unit 
to another. 

X 

010 07 01 03 Airspace  

01 Describe the purpose for establishing FIRs including UIRs. X 

02 Understand the various rules and services that apply to the various classes of 
airspace. 

X 

03 Explain which airspace shall be included in an FIR or UIR. X 

04 State the designation for those portions of the airspace where flight 
information service (FIS) and alerting service shall be provided. 

X 

05 State the designations for those portions of the airspace where ATC service 
shall be provided. 

X 

06 Indicate whether or not CTAs and CTRs designated within an FIR shall form 
part of that FIR. 

X 

07 Name the lower limit of a CTA as far as ICAO standards are concerned. X 

08 State whether or not the lower limit of a CTA has to be established uniformly. X 

09 Explain why a UIR or Upper CTA should be delineated to include the Upper 
Airspace within the lateral limits of a number of lower FIRs or CTAs. 

X 

10 Describe in general the lateral limits of CTRs. X 

11 State the minimum extension (in NM) of the lateral limits of a CTR. X 

12 State the upper limits of a CTR located within the lateral limits of a CTA. X 

010 07 01 04 Air Traffic Control services  

01 Name all classes of airspace in which ATC shall be provided. X 

02 Name the ATS units providing ATC service (area control service, approach 
control service, aerodrome control service). 

X 

03 Describe which unit(s) may be assigned with the task to provide specified 
services on the apron. 

X 

04 Name the purpose of clearances issued by an ATC unit. X 

05 Describe the aim of clearances issued by ATC with regard to IFR, VFR or special 
VFR flights, and refer to the different airspaces. 

X 

06 List the various (five possible) parts of an ATC clearance. X 

07 Describe the various aspects of clearance coordination. X 

08 State how ATC shall react when it becomes apparent that traffic, additional to 
that already accepted, cannot be accommodated within a given period of time 

X 
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at a particular location or in a particular area, or can only be accommodated 
at a given rate. 

09 Explain why the movement of persons, vehicles and towed aircraft on the 
maneuvering area of an AD shall be controlled by the AD TWR (as necessary). 

X 

010 07 01 05 Flight Information Service (FIS)  

01 State for which aircraft FIS shall be provided. X 

02 State whether or not FIS shall include the provision of pertinent SIGMET and 
AIRMET information. 

X 

03 State which information FIS shall include in addition to SIGMET and AIRMET 
information. 

 

X 

04 Indicate which other information the FIS shall include in addition to the special 
information given in ANNEX 11. 

X 

05 Name the three major types of operational FIS broadcasts. X 

06 Give the meaning of the acronym ATIS in plain language. X 

07 Show that you are acquainted with the basic conditions for transmitting an 
ATIS as indicated in ANNEX 11. 

X 

08 Mention the four possible ATIS messages. X 

09 List the basic information concerning ATIS broadcasts (e.g. frequencies used, 
number of ADs included, updating, identification, acknowledgment of receipt, 
language and channels, ALT setting). 

X 

10 Understand the content of an ATIS message and the factors involved. X 

11 State the reasons and circumstances when an ATIS message shall be updated. X 

010 07 01 06 Alerting service  

01 Indicate who provides the alerting service. X 

02 State who is responsible for initiating the appropriate emergency phase. X 

03 Indicate the aircraft to which alerting service shall be provided. X 

04 Name the unit which shall be notified by the responsible ATS unit immediately 
when an aircraft is considered to be in a state of emergency. 

X 

05 Name the three stages of emergency and describe the basic conditions for 
each kind of emergency. 

X 

06 Demonstrate knowledge of the meaning of the expressions INCERFA, ALERFA 
and DETRESFA. 

X 

07 Describe the limiting conditions for the information of aircraft in the vicinity 
of an aircraft being in a state of emergency. 

X 

010 07 01 07 Principles governing RNP and ATS route designators  

01 State the meaning of the expressions RNP 4, RNP 1, etc. X 
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02 State the factors that RNP is based on. X 

03 Describe the reason for establishing a system of route designators and 
Required Navigation Performance (RNP). 

X 

04 State whether or not a prescribed RNP type is considered an integral part of 
the ATS route designator. 

X 

05 Demonstrate general knowledge of the composition of an ATS route 
designator. 

X 

010 07 02 00 ICAO Document 4444 — Air Traffic Management  

010 07 02 01 Foreword (Scope and purpose)  

01 Explain in plain language the meaning of the acronym ‘PANS- ATM’. X 

02 State whether or not the procedures prescribed in ICAO Doc 4444 are directed 
exclusively to ATS services personnel. 

X 

03 Describe the relationship between ICAO Doc 4444 and other documents. X 

04 State whether or not a clearance issued by ATC units does include prevention 
of collision with terrain, and if there is an exception to this, name the 
exception. 

X 

010 07 02 02 Definitions  

01 Recall all definitions given in Doc 4444 except the following: 

accepting unit/controller, AD taxi circuit, aeronautical fixed service (AFS), 
aeronautical fixed station, air-taxiing, allocation, approach funnel, 
assignment, data convention, data processing, discrete code, D-value, flight 
status, ground effect, receiving unit/controller, sending unit/controller, 
transfer of control point, transferring unit/controller, unmanned free balloon. 

X 

010 07 02 03 ATS system capacity and Air Traffic Flow Management (ATFM)  

01 Explain when and where ATFM service shall be implemented. X 

010 07 02 04 General provisions for Air Traffic Services  

01 Describe who is responsible for the provision of flight information and 
alerting service within a Flight Information Region (FIR) within controlled 
air space and at controlled aerodromes. 

X 

010 07 02 05 ATC clearances  

01 Explain ‘the sole scope and purpose’ of an ATC clearance. X 

02 State which information the issue of an ATC clearance is based on. X 

03 Describe what a PIC should do if an ATC clearance is not suitable. X 

04 Indicate who bears the responsibility for adhering to the applicable rules and 
regulations whilst flying under the control of an ATC unit. 

X 

05 Name the two primary purposes of clearances issued by ATC units. X 

06 State why clearances must be issued ‘early enough’ to en route aircraft. X 
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07 Explain what is meant by the expression ‘clearance limit’. X 

08 Explain the meaning of the phrases ‘cleared via flight planned route’, ‘cleared 
via (designation) departure’ and ‘cleared via (designation) arrival’ in an ATC 
clearance. 

X 

09 List which items of an ATC clearance shall always be read back by the flight 
crew. 

X 

010 07 02 06 Horizontal speed control instructions  

01 Explain the reason for speed control by ATC. X 

02 Define the maximum speed changes that ATC may impose. X 

03 State within which distance from the threshold the PIC must not expect any 
kind of speed control. 

X 

010 07 02 07 Change from IFR to VFR flight  

01 Explain how the change from IFR to VFR can be initiated by the PIC. X 

02 Indicate the expected reaction of the appropriate ATC unit upon a request to 
change from IFR to VFR. 

X 

010 07 02 08 Wake turbulence  

01 State the wake-turbulence categories of aircraft. X 

02 State the wake-turbulence separation minima. X 

03 Describe how a ‘heavy’ aircraft shall indicate this in the initial radio- telephony 
contact with ATS. 

X 

010 07 02 09 Altimeter-setting procedures  

01 Define the following terms: 

- transition level; 

- transition layer; and 

- transition altitude 

X 

02 Indicate how the vertical position of an aircraft in the vicinity of an aerodrome 
shall be expressed at or below the transition altitude, at or above the 
transition level, and while climbing or descending through the transition layer. 

X 

03 Describe when the height of an aircraft using QFE during an NDB approach is 
referred to the landing threshold instead of the aerodrome elevation. 

X 

04 Indicate how far altimeter settings provided to aircraft shall be rounded up or 
down. 

X 

05 Define the expression ‘lowest usable flight level’. X 

06 Determine how the vertical position of an aircraft on an en route flight is 
expressed at or above the lowest usable flight level and below the lowest 
usable flight level. 

X 

07 State who establishes the transition level to be used in the vicinity of an 
aerodrome. 

X 
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08 Decide how and when a flight crew member shall be informed about the 
transition level. 

X 

09 State whether or not the pilot can request the transition level to be included 
in the approach clearance. 

X 

10 State in what kind of clearance the QNH altimeter setting shall be included. X 

010 07 02 10 Position reporting  

01 Describe when position reports shall be made by an aircraft flying on routes 
defined by designated significant points. 

X 

02 List the six items that are normally included in a voice position report. X 

03 Name the requirements for using a simplified position report with flight level, 
next position (and time over) and ensuing significant points omitted. 

X 

04 Name the item of a position report which must be forwarded to ATC with the 
initial call after changing to a new frequency. 

X 

05 Indicate the item of a position report which may be omitted if SSR Mode C is 
used. 

X 

06 Explain in which circumstances the indicated airspeed should be included in a 
position report. 

X 

07 Explain the meaning of the acronym 

‘ADS’. 

X 

08 State to which unit an ADS report shall be made. X 

09 Describe how ADS reports shall be made. X 

10 Describe which expression shall precede the level figures in a position report 
if the level is reported in relation to 1013.2 hPa (standard pressure). 

X 

010 07 02 11 Reporting of operational and meteorological information  

01 List the occasions when special air reports shall be made. X 

010 07 02 12 Separation methods and minima  

01 Explain the general provisions for the separation of controlled traffic. X 

02 Name the different kinds of separation used in aviation. X 

03 Understand the difference between the type of separation provided within 
the various classes of airspace and the various types of flight 

X 

04 State who is responsible for the avoidance of collision with other aircraft when 
operating in VMC. 

X 

05 State the ICAO documents in which details of current separation minima are 
prescribed. 

X 

06 Describe how vertical separation is obtained. X 

07 State the required vertical separation minimum. X 
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08 Describe how the cruising levels of aircraft flying to the same destination and 
in the expected approach sequence are correlated with each other. 

X 

09 Name the conditions that must be adhered to when two aircraft are cleared 
to maintain a specified vertical separation between them during climb or 
descent. 

X 

10 List the two main methods for horizontal separation. X 

11 Describe how lateral separation of aircraft at the same level may be obtained. X 

12 Explain the term ‘geographical separation’. X 

13 Describe track separation between aircraft using the same navigation aid or 
method. 

X 

14 Describe the three basic means for the establishment of longitudinal 
separation. 

X 

15 Describe the circumstances under which a reduction in separation minima 
may be allowed. 

X 

16 Indicate the standard horizontal surveillance based separation in NM. X 

17 Describe the method of the Mach- number technique. X 

18 State the wake-turbulence radar separation for aircraft in the APP and DEP 
phases of a flight when an aircraft is operating directly behind another aircraft 
at the same ALT or less than300m (1000 ft) below. 

X 

010 07 02 13 Separation in the vicinity of aerodromes  

01 Define the expression ‘Essential Local Traffic’. X 

02 State which possible decision the PIC may choose to take if departing aircraft 
are expedited by suggesting a take-off direction which is not ‘into the wind’. 

X 

03 State the condition to enable ATC to initiate a visual approach for an IFR 
flight. 

X 

04 Indicate whether or not separation shall be provided by ATC between an 
aircraft executing a visual approach and other arriving or departing aircraft. 

X 

05 State in which case, when the flight crew are not familiar with the instrument 
approach procedure being carried out, only the final approach track has to be 
forwarded to them by ATC. 

X 

06 Describe which flight level should be assigned to an aircraft first arriving over 
a holding fix for landing. 

X 

07 State which kinds of priority can be applied to aircraft for a landing. X 

08 Understand the situation when a pilot of an aircraft in an approach sequence 
indicates their intention to hold for weather improvements. 

X 

09 Explain the term ‘Expected Approach Time’ and the procedures for its use. X 

10 State the reasons which could probably lead to the decision to use another 
take-off or landing direction than the one into the wind. 

X 
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11 Name the possible consequences for a PIC if the ‘RWY-in-use’ is not considered 
suitable for the operation involved. 

X 

010 07 02 14 Miscellaneous separation procedures  

01 State the separation of aircraft holding in flight. X 

02 State the minimum separation between departing aircraft. X 

03 State the minimum separation between departing and arriving aircraft. X 

04 State the non-radar wake-turbulence longitudinal separation minima. X 

05 Describe the consequences of a clearance to ‘maintain own separation’ while 
in VMC. 

X 

06 Give a brief description of ‘essential traffic’ and ‘essential traffic information’. X 

07 Describe the circumstances under which a reduction in separation minima 
may be allowed. 

X 

010 07 02 15 Arriving and departing aircraft  

01 List the elements of information which shall be transmitted to an aircraft as 
early as practicable if an approach for landing is intended. 

X 

02 List the information to be transmitted to an aircraft at the commencement of 
final approach. 

X 

03 List the information to be transmitted to an aircraft during final approach. X 

04 Acquaint yourself with all the information regarding arriving and/or departing 
aircraft on parallel or near-parallel runways, including knowledge about NTZ 
and NOZ and the various combinations of parallel arrivals and/or departures. 

X 

05 State the sequence of priority between aircraft landing  (or  in  the  final  stage  
of an approach to land) and aircraft intending to depart 

X 

06 Explain the factors that influence the approach sequence. X 

07 State the significant changes in the meteorological conditions in the take- off 
or climb-out area that shall be transmitted without delay to a departing 
aircraft. 

X 

08 Describe what information shall be forwarded to a departing aircraft as far as 
visual or non-visual aids are concerned. 

X 

09 State the significant changes that shall be transmitted as early as practicable 
to an arriving aircraft, particularly changes in the meteorological conditions. 

X 

010 07 02 17 Surveillance services  

01 State to what extent the use of surveillance system in air traffic services may 
be limited. 

X 

02 State what surveillance-based information shall be available for display to the 
controller as a minimum. 

X 

03 Name the two basic identification procedures used with surveillance. X 



A. SUBJECT 010 - AIRLAW 

  

Page 17 of 145 

 

05 Describe the circumstances under which an aircraft provided with 
surveillance-based service should be informed of its position. 

X 

06 List the possible forms of position information passed on to the aircraft by 
surveillance services. 

X 

07 Define the term ‘vectoring’. X 

08 State the aims of vectoring as shown in ICAO Doc 4444. X 

09 State how vectoring shall be achieved. X 

10 Describe the information which shall be given to an aircraft when  vectoring is 
terminated, and the pilot is instructed to resume own navigation. 

X 

11 Explain the procedures for the conduct of Surveillance Radar Approaches 
(SRA). 

X 

12 Describe what kind of action (concerning the transponder) the pilot is 
expected to perform in case of emergency if they have previously been 
directed by ATC to operate the transponder on a specific code. 

X 

010 07 02 18 Air traffic advisory service  

01 Describe the objective and basic principles of the air traffic advisory service. X 

02 State to which aircraft air traffic advisory service shall be provided. X 

03 Explain why air traffic advisory service does not deliver ‘clearances’ but only 
‘advisory information’. 

X 

010 07 02 19 Procedures related to emergencies, communication failure and 
contingencies 

 

01 State the mode and code of SSR equipment a pilot might operate in a (general) 
state of emergency or (specifically) in case the aircraft is subject to unlawful 
interference. 

X 

02 State the special rights an aircraft in a state of emergency can expect from 
ATC. 

X 

03 Describe the expected action of aircraft after receiving a broadcast from ATS 
concerning the emergency descent of an aircraft. 

X 

04 State how it can be ascertained, in case of a failure of two-way 
communication, whether the aircraft is able to receive transmissions from the 
ATS unit. 

X 

05 Explain the assumption based on which separation shall be maintained if an 
aircraft is known to experience a COM failure in VMC or in IMC. 

X 

06 State on which frequencies appropriate information, for an aircraft 
encountering two-way COM failure, shall be sent by ATS. 

X 

07 Describe the expected actions of an ATS unit after having been informed that 
an aircraft is being intercepted in or outside its area of responsibility. 

X 

08 State what is meant by the expression ‘strayed aircraft’ and ‘unidentified 
aircraft’. 

X 
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09 Explain the minimum level for fuel- dumping and the reasons for this. X 

10 Explain the possible request of ATC to an aircraft to change its RTF call sign. X 

010 07 02 20 Miscellaneous procedures  

01 Explain the meaning of ‘AIRPROX’. X 

02 Determine the task of an air traffic incident report. X 

010 08 00 00 AERONAUTICAL INFORMATION SERVICE  

010 08 01 00 Introduction  

01 State, in general terms, the objective of the Aeronautical Information Service. X 

010 08 02 00 Definitions of ICAO Annex 15  

01 Recall the following definitions: Aeronautical Information Circular (AIC), 

Aeronautical Information Publication (AIP), 

AIP amendment, AIP supplement, AIRAC, danger area, Integrated 
Aeronautical Information Package, international airport, international NOTAM 
office (NOF), maneuvering area, movement area, NOTAM, Pre-flight 
Information Bulletin (PIB), prohibited area, restricted area, SNOWTAM, 
ASHTAM 

X 

010 08 03 00 General  

   01 State during which period of time aeronautical information service shall be 
available with reference to an aircraft flying in the area of responsibility of an 
AIS, provided a 24-hour service is not available. 

X 

02 Name (in general) the kind of aeronautical information/data which an AIS 
service shall make available in a suitable form to flight crews. 

X 

03 Summarize the duties of aeronautical information service concerning 
aeronautical information data for the territory of the State. 

X 

04 Understand the principles of WGS 84. X 

010 08 04 00 Integrated Aeronautical Information Package  

01 Name the different elements that make up an Integrated Aeronautical 
Information Package. 

X 

010 08 04 01 Aeronautical Information Publication (AIP)  

01 State the primary purpose of the AIP. X 

02 Name the different parts of the AIP. X 

03 State in which main part of the AIP the following information can be 
found: 

- differences from the ICAO Standards, Recommended Practices and 
Procedures; 

- location indicators, aeronautical information services, minimum 
flight altitude, VOLMET service, SIGMET service; 

- general rules and procedures (especially general rules, VFR, IFR, 

X 
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ALT-setting procedure, interception of civil aircraft, unlawful 
interference, air traffic incidents); 

- ATS airspace (especially FIR, UIR, TMA); 

- ATS routes (conventional and area navigation routes); 

- RWY physical characteristics, declared distances, APP and RWY 
lighting; 

- AD radio navigation and landing aids; 

- charts related to an AD; 

entry, transit and departure of aircraft, passengers, crew and cargo entry, 
transit and departure of aircraft, passengers, crew and cargo. 

04 State how permanent changes to the AIP shall be published. X 

05 Explain what kind of information shall be published in the form of AIP 
Supplements. 

X 

06 Describe how conspicuousness of AIP Supplement pages is achieved. X 

010 08 04 02 NOTAMs  

01 Describe how information shall be published which in principle would belong 
to NOTAMs but includes extensive text and/or graphics. 

X 

02 Summarize essential information which leads to the issuance of a NOTAM. X 

03 State to whom NOTAMs shall be distributed. X 

04 Explain how information regarding snow, ice and standing water on AD 
pavements shall be reported. 

X 

05 Describe the means by which NOTAMs shall be distributed. X 

06 State which information an ASHTAM may contain. X 

010 08 04 03 Aeronautical Information Regulation and Control (AIRAC)  

01 List the circumstances under which the information concerned shall or should 
be distributed as AIRAC. 

X 

02 State the sequence in which AIRACs shall be issued and state how many days 
before the effective date the information shall be distributed by AIS. 

X 

010 08 04 04 Aeronautical Information Circulars (AICs)  

01 Describe the reasons for the publication of AICs. X 

02 Explain the organization and standard colour codes of AICs. X 

03 Explain the normal publication cycle of AICs. X 

010 08 04 05 Pre-flight and post-flight information/data  

01 List (in general) which details shall be included in the aeronautical information 
provided for pre-flight planning purposes at the appropriate ADs. 

X 

02 Summarize the additional current information relating to the AD of departure 
that shall be provided as pre-flight information. 

X 
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03 Describe how a recapitulation of current NOTAM and other information of 
urgent character shall be made available to flight crews. 

X 

04 State which post-flight information from aircrews shall be submitted to AIS for 
distribution as required by the circumstances. 

X 

010 09 00 00 AERODROMES (ICAO Annex 14) 

Volume I — Aerodrome Design and Operations) 

 

010 09 01 00 General  

01 Recognize all definitions of ICAO Annex 14 except the following: 

accuracy, cyclic redundancy check, data quality, effective intensity, ellipsoid 
height (geodetic height),geodetic datum, geoid, geoid undulation, integrity 
(aeronautical data), light failure,  lighting  system reliability, orthometric 
height, station declination, usability factor, Reference code 

X 

02 Describe, in general terms, the intent of the AD reference code as well as its 
composition of two elements. 

X 

010 09 02 00 Aerodrome data  

01 Describe where the aerodrome reference point shall be located and where it 
shall normally remain. 

X 

010 09 03 02 Runway strips  

01 Explain the term ‘runway strip’. X 

010 09 03 03 Runway-end safety area  

01 Explain the term ‘RWY-end safety area’. X 

010 09 03 04 Clearway  

01 Explain the term ‘clearway’. X 

010 09 03 05 Stop way  

01 Explain the term ‘stopway’. X 

010 09 03 06 Radio-altimeter operating area  

01 Describe where a radio-altimeter operating area should be established and 
how far it should extend laterally and longitudinally. 

 

010 09 04 00 Visual aids for navigation  

010 09 04 03 Lights  

01 Describe mechanical safety considerations regarding elevated approach lights 
and elevated RWY, stopway and taxiway lights. 

X 

02 Describe the relationship of the intensity of RWY lighting, the approach-
lighting system and the use of a separate intensity control for different lighting 
systems. 

X 

03 List the conditions for the installation of an AD beacon and describe its general 
characteristics. 

X 
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04 Name the different kinds of operations for which a simple APP lighting system 
shall be used. 

X 

05 Describe the basic installations of a simple APP lighting system including the 
dimensions and distances normally used. 

X 

06 Describe the principle of a precision APP category I lighting system including 
information such as location and characteristics. 

Remark: This includes the ‘Calvert’ system with additional crossbars. 

X 

07 Describe the principle of a precision APP category II and III lighting system 
including information such as location and characteristics, especially 
mentioning the inner 300 m of the system. 

X 

08 Describe the wing bars of PAPI and APAPI. X 

09 Interpret what the pilot will see during approach using PAPI, APAPI, T-VASIS 
and AT-VASIS. 

X 

10 Interpret what the pilot will see during approach using HAPI. X 

010 09 08 00 Attachment A to ICAO Annex 14, Volume 1 — Supplementary Guidance 
Material 

 

010 09 08 01 Declared distances  

01 List the four types of ‘declared distances’ on a runway and also the appropriate 
abbreviations. 

X 

02 Explain the circumstances which lead to the situation that the four declared 
distances on a runway are equal to the length of the runway. 

X 

03 Describe the influence of a clearway, stopway and/or displaced threshold 
upon the four ‘declared distances’. 

X 

010 09 08 02 Radio-altimeter operating areas  

01 Describe the purpose of a radio- altimeter operating area. X 

02 Describe the physical characteristics of a radio-altimeter operating area. X 

03 Describe the dimensions of a radio- altimeter operating area. X 

04 Describe the position of a radio- altimeter operating area. X 

010 09 08 03 Approach lighting systems  

01 Name the two main groups of approach lighting systems. X 

02 Describe the versions of a simple approach lighting system. X 

03 Describe the two different basic versions of precision approach lighting 
systems for CAT I. 

X 

04 Describe the diagram of the inner 300 m of the precision approach lighting 
system in the case of CAT II and III. 

X 

05 Describe how the arrangement of an approach lighting system and the 
location of the appropriate threshold are interrelated between each other. 

X 
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B. Subject 022 AGK - Instrumentation 

Syllabus 
reference 

Syllabus details and associated Learning Objectives Instrument 
Rating 

(A & H) 

022 00 00 00 AIRCRAFT GENERAL KNOWLEDGE -  INSTRUMENTATION  

022 02 00 00 MEASUREMENT OF AIR-DATAPARAMETERS  

022 02 01 00 Pressure measurement  

022 02 01 01 Definitions  

01 Define‘static,total and dynamic pressures’ and state the relationship 
between them. 

X 

022 02 01 02 Pitot/static system: designanderrors  

01 Describe the design and the operating principle of a: 

- static source; 

- pitot tube; 

- combined pitot/ staticprobe. 

X 

02 For each of the seindicate the various locations, and describe the following 
associated errors: 

- position errors; 

- instrument errors; 

- errors due to a non-longitudinal axial flow (including maneuver-
induced errors); 

and the means of correction and/ or compensation. 

X 

03 Describe a typical pitot/ staticsy stemand list the possible out puts. X 

04 Explain the redundancy and the inter connections of typical pitot/ staticsy 
stems. 

X 

05 Explain the purpose of pitot/static system heating. X 

06 Describe alternate static sources and their effects when used, particularly in 
unpressurised aircraft 

X 

07 Describe alternate static sources and their effects when used. X 

022 02 02 00 Temperature measurement  

022 02 02 01 Definitions  

01 Define ‘OAT’, ‘SAT’, ‘TAT’ and 

‘measured  temperature’ 

X 

02 Explain the term ‘ram rise’ and convert TAT to SAT.  

03 Explain why TAT is often displayed and that TAT is the temperature input to 
the air-data computer.  

X 
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Syllabus 
reference 

Syllabus details and associated Learning Objectives Instrument 
Rating 

(A & H) 

022 02 02 02 Design and operation  

01 - Indicate typical locations for both direct-reading and remote reading 
temperature probes, and describe the following errors:  

-  position error;  

-  instrument error. 

X 

02 Explain the purpose of temperature probe heating and interpret the effect of 
heating on sensed temperature unless automatically compensated for. 

X 

022 02 04 00 Altimeter  

022 02 04 01 Units, terms, types, operating principles, displays, errors, corrections  

01 List the following two units used for altimeters: 

- feet; 

- metres; 

and state the relationship between them. 

X 

02 Define the following terms: 

 height, altitude;  

 indicated altitude, true altitude;  

 pressure altitude, density altitude 

X 

03 Define the following barometric references:‘QNH’,‘QFE’,‘1013,25’. X 

04 Explain the operating principles of an altimeter. X 

05 Describe and compare the following three types of altimeters and reason(s) 
why particular designs may be required in certain airspace:  

 simple altimeter (single capsule); 

 — sensitive altimeter (multi-capsule);  

— servo-assisted altimeter. 

X 

06 Give examples of associated displays: pointer, multi-pointer, drum, vertical 
straight scale. 

X 

07 Describe the following errors:  

— static system error;  

— instrument error;  

— barometric error;  

— temperature error (air column not at ISA conditions);  

— lag (altimeter response to change of height). 

X 

08 Demonstrate the use of an altimeter correction table for the following 
errors:  

X 
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Syllabus 
reference 

Syllabus details and associated Learning Objectives Instrument 
Rating 

(A & H) 

— temperature corrections;  

— aircraft position errors. 

09 Describe the effects of a blockage or a leakage on the static pressure line. X 

10 Describe the use of GPS altitude as an alternative means of checking 
erroneous altimeter indications, and highlight the limitations of the GPS 
altitude indication. 

X 

022 02 05 00 VerticalSpeedIndicator (VSI)  

022 02 05 01 VSI and instantaneous vertical speed indicator (IVSI)  

01 List the two units used for VSIs and state the relationship between them:  

— metres per second;  

— feet per minute. 

X 

02 Explain the operating principles of a VSI and an IVSI X 

03 Describe and compare the following types of VSIs:  

— barometric type (VSI); 

— instantaneous barometric type (IVSI);  

— inertial type (inertial information provided by an inertial refrence 
unit) 

X 

04 Describe the following VSI errors:  

       — static system errors; 

       — instrument errors;  

       — time lag. 

X 

05 Describe the effects on a VSI of a blockage or a leakage on the static pressure 
line. 

X 

06 Give examples of a VSI display. X 

07 Compare the indications of a VSI and an IVSI during flight in turbulence and 
appropriate pilot technique during manoeuvring using either type. 

X 

022 02 06 00 Airspeed Indicator (ASI)  

022 02 06 01 Units, errors, operating principles, displays, position errors, unreliable 
airspeed indications 

 

01 List the following three units used for airspeed: 

- Nautical miles/hour (knots); 

- Statute miles/hour; 

- kilometres/hour; 

X 

02 Describe the following ASI errors and state when they must be considered: X 



SUBJECT 022 - INSTRUMENTATION 

 

Page 25 of 145 

 

Syllabus 
reference 

Syllabus details and associated Learning Objectives Instrument 
Rating 

(A & H) 

 — pitot/static system errors;  

— instrument errors;  

— position errors; 

 — compressibility errors;  

— density errors. 

03 Explain the operating principles of an ASI (as appropriate to aeroplanes or 
helicopters) 

X 

04 Give examples of an ASI display: pointer, vertical straight scale, and digital 
(HUD display) 

X 

05 Demonstrate the use of an ASI correction table for position error. X 

08 Describe the effects on an ASI of a blockage or a leakage in the static or total 
pressure line(s). 

X 

09 Define the term ‘unreliable airspeed’ and describe the means by which it can 
be recognised such as:  

— different airspeed indications between ASIs; 

— unexpected aircraft behaviour;  

— buffeting;  

— aircraft systems warning;  

— aircraft attitude. 

X 

09 Define the term ‘unreliable airspeed’ and describe the means by which it can 
be recognised such as:  

— different airspeed indications between ASIs; 

— unexpected aircraft behaviour;  

— buffeting;  

— aircraft systems warning;  

— aircraft attitude. 

X 

10 Describe the appropriate procedures available to the pilot in the event of 
unreliable airspeed indications:  

— combination of a pitch attitude and power setting;  

— ambient wind noise inside the aircraft;  

— use of GPS speed indications and the associated limitations 

X 

022 02 08 00 Air-Data Computer (ADC)  

022 02 08 01 Operating principle, data, errors, air-data inertial reference unit  

01 Explain the operating principle of an ADC. X 

02 List the following possible input data: X 
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Syllabus 
reference 

Syllabus details and associated Learning Objectives Instrument 
Rating 

(A & H) 

TAT; 

- Static pressure; 

- Total pressure; 

- Measured temperature; 

- angleof attack; 

- flaps and landing gear position; 

- stored  aircraft data. 

03 - List the following possible output data, as applicable to aeroplanes 
or helicopters:  

-  IAS;  

-  TAS;  

-  SAT;  

-  TAT;  

-  Mach number; 

-   AoA;  

-  altitude;  

-  vertical speed;  

-  VMO/MMO pointer. 

X 

04 Explain how position, instrument, compressibility and density errors can be 
compensated/ corrected to achieve a TAS calculation. 

X 

05 Give examples of instruments or systems which may use ADC output data. X 

06 Explain that an air-data inertial reference unit (ADIRU) is an ADC integrated 
with an inertial reference unit (IRU), that there will be separate controls for 
the ADC part and inertial reference (IR) part, and that incorrect selection 
during failure scenarios may lead to unintended and potentially irreversible 
consequences 

X 

07 Explain the ADC architecture for air-data measurement including sensors, 
processing units and displays, as opposed to stand-alone air-data 
measurement instruments. 

X 

08 Describe the consequences of the loss of an ADC compared to the failure of 
individual instruments. 

X 

022 03 00 00 MAGNETISM — DIRECT-READINGCOMPASSAND FLUXVALVE  

022 03 01 00 Earth’s magnetic field  

022 03 01 01 Magnetic field, variation, dip  

01 Describe the magnetic field of theEarth. X 
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Syllabus 
reference 

Syllabus details and associated Learning Objectives Instrument 
Rating 

(A & H) 

02 Explain the properties of a magnet. X 

03 Define the following terms: 

- magnetic variation; 

- magnetic dip (inclination). 

X 

04 Describe that a magnetic compass will align itself to both the horizontal 
(azimuth) and vertical (dip) components of the Earth’s magnetic field, thus 
will not function in the vicinity of the magnetic poles. 

X 

05 Demonstrate the use of variation values (given as East/West (E/W) or +/–) to 
calculate: — true heading to magnetic heading; 

--magnetic heading to true heading 

X 

022 03 02 00 Aircraft magnetic field  

022 03 02 01 Permanent magnetism, electromagnetism, deviation  

01 - Explain the following differences between permanent magnetism 
and electromagnetism:  

-  when they are present;  

-  what affects their magnitude. 

X 

02 - Explain the principles of and the reasons for:  

-  compass swinging (determination of initial deviations);  

-  compass compensation (correction of deviations found);  

-  compass calibration (determination of residual deviations). 

X 

03 Explain how permanent magnetism within the aircraft structure and 
electromagnetism from the aircraft systems affect the accuracy of a 
compass. 

X 

04 Describe the purpose and the use of a deviation correction card. X 

05 Demonstrate the use of deviation values (either given as E/W or +/–) from a 
compass deviation card to calculate:  

— compass heading to magnetic heading; 

 — magnetic heading to compass heading. 

X 

022 03 03 00 Direct-reading magnetic compass  

022 03 03 01 Purpose, errors, timed turns, serviceability  

01 Explain the purpose of a direct-reading magnetic compass 

 

X 

02 Describe how the direct-reading magnetic compass will only show correct 
indications during straight, level and unaccelerated flight, and that an error 

X 
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reference 

Syllabus details and associated Learning Objectives Instrument 
Rating 

(A & H) 

will occur during the following flight manoeuvres (no numerical examples):  

— acceleration and deceleration;  

— turning; 

— during  pitch-up or pitch-down manoeuvres. 

03 Explain how the use of timed turns eliminates the problem of the turning 
errors of a direct-reading magnetic compass, and calculate the duration of a 
rate-1 turn for a given change of heading. 

X 

04 - Describe the serviceability check for a direct-reading magnetic 
compass prior to flight, such as:  

-  the physical appearance of the device;  

-  comparing the indication to another known direction such as a 
different compass or runway direction. 

X 

022 03 04 00 Fluxvalve  

022 03 04 01 Purpose, operating principle, location, errors  

01 Explain the purpose of a fluxvalve. X 

02 Explain its operating principle. X 

03 Indicate typical locations of the flux valve(s). 

 

X 

04 Give the remote-reading compass system as example of application for a flux 
valve. 

 

X 

05 Explain that deviation is compensated for and, therefore, eliminates the 
need for a deviation correction card 

X 

06 Explain that a flux valve does not suffer from the same magnitude of 
errors as a direct-reading magnetic compass when turning, accelerating 
or decelerating and during pitch-up or pitch-down manoeuvres. 

X 

022 04 00 00 GYROSCOPIC INSTRUMENTS  

022 04 01 00 Gyroscope:basic principles  

022 04 01 01 Gyroscopic forces, degrees of freedom, gyro wander, driving gyroscopes  

01 Definea‘gyro’. X 

02 Explain the fundamentals of the gyroscopic forces. X 

03 Define the ‘degrees of freedom’ of a gyro. Remark: As a convention, the 
degrees of freedom of a gyroscope do not include its own axis of rotation 
(the spin axis) 

X 
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04 - Explain the following terms: 

-  rigidity;  

- precession;  

-  wander (drift/topple) 

X 

05 - Explain the three types of gyro wander: 

-  real wander;  

-  apparent wander;  

-  transport  wander. 

X 

06 Describe the two ways of driving gyroscopes and any associated indications:  

— air/vacuum; 

 — electrically 

X 

022 04 02 00 Rate-of-turn indicator — Turn coordinator — Balance (slip) indicator  

022 04 02 01 Indications, relation between bank angle, rate of turn and TAS  

01 Explain the purpose of a rate-of-turn and balance (slip) indicator. X 

02 Define a ‘rate-one turn’. X 

03 Describe the indications given by a rate-of-turn indicator X 

04 Explain the relation between bank angle, rate of turn and TAS, and how bank 
angle becomes the limiting factor at high speed (no calculations). 

X 

05 Explain the purpose of a balance (slip) indicator and its principle of 
operation. 

X 

06 Describe the indications of a rate-of-turn and balance (slip) indicator during a 
balanced, slip or skid turn.  

 

X 

07 Describe the indications given by a turn coordinator (or turnand-bank 
indicator). 

X 

08 Compare the indications on the rate-of-turn indicator and the turn 
coordinator 

X 

022 04 03 00 Attitude indicator (artificial horizon)  

022 04 03 01 Purpose, types, effect of aircraft acceleration, display  

01 Explain the purpose of the attitude indicator. X 

02 Identify the two types of attitude indicators: — attitude indicator; 

— attitude and director indicator (ADI 

X 
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03 State the degrees of freedom. X 

04 Describe the effects of the aircraft’s acceleration and turns on instrument 
indications. 

X 

05 Describe a typical attitude display and instrument markings X 

022 04 04 00 Directional gyroscope  

022 04 04 01 Purpose, types, drift, alignment to compass heading  

01 Explain the purpose of the directional gyroscope. X 

02 Identify the two types of gyro-driven direction indicators:  

— direction indicator;  

— horizontal situation indicator (HSI). 

X 

03 Explain how the directional gyroscope will drift over time due to the 
following:  

— rotation of the Earth;  

— aircraft manoeuvring; 

 — aircraft movement over the Earth’s surface/direction of travel 

X 

04 Describe the procedure for the pilot to align the directional gyroscope to the 
correct compass heading. 

X 

022 04 05 00 Remote-reading compass systems  

022 04 05 01 Operating principles, components, comparison with a directread  

01 Describe the principles of operation of a remote-reading compass system X 

02 Using a block diagram, list and explain the function of the following 
components of a remote 

-reading compass system: 

 — flux detection unit;  

— gyro unit; 

 — transducers, precession amplifiers, annunciator;  

— display unit (compass card, synchronising and set-heading knob, 
DG/compass/slave/free switch). 

X 

03 State the advantages and disadvantages of a remote-reading compass 
system compared to a direct-reading magnetic compass with regard 
to: 

 — design (power source, weight and volume);  

— deviation due to aircraft magnetism;  

— turning and acceleration errors; 

X 
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 — attitude errors;  

— accuracy and stability of the information displayed; 

 — availability of the information for several systems (compass card, 
RMI, automatic flight control system (AFCS)). 

022 04 06 00 Solid-state systems — attitude and heading reference system (AHRS)  

022 04 06 01 Components, indications  

01 Explain that the AHRS is a replacement for traditional gyros using solid-
state technology with no moving parts and is a single unit consisting of:  

— solid-state accelerometers;  

— solid-state rate sensor gyroscopes; 

— solid-state magnetometers (measurement of the Earth’s magnetic field). 

X 

02 Explain that the AHRS senses rotation and acceleration for all three axes and 
senses the direction of the Earth’s magnetic field where the indications are 
normally provided on electronic screens (electronic flight instrument system 
(EFIS)). 

X 

022 06 02 00 Autopilot system:   

14 Describe touch control steering (TCS) and highlight the differences when 
compared to CWS:  

— autopilot remains engaged but autopilot servos/actuators are 
disconnected from the control surfaces;  

— manual control of the aircraft as long as TCS button is depressed;  

— auto pilot servos/actuators reconnect when TCS button is released and the 
autopilot returns to previously engaged mode(s). 

X 

15 Explain that only one autopilot may be engaged at any time except for when 
APP is armed in order to facilitate a failoperational autoland. 

X 

16 Explain the difference between an armed and an engaged mode:  

— not all modes have an armed state available;  

— a mode will only become armed if certain criteria are met;  

— an armed mode will become engaged (replacing the previously engaged 
mode, if any) when certain criteria are met. 

X 

17 - Describe the sequence of events when a mode is engaged and the 
different phases:  

-  initial phase where attitude is changed to obtain a new trajectory in 
order to achieve the new parameter; 

-  the trajectory will be based on rate of closure which is again based on 
the difference between the original parameter and the new parameter; 

-  capture phase where the aircraft will follow a predefined rate of 

X 
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change of trajectory to achieve the new parameter without 
overshooting/ undershooting;  

-  tracking or hold phase where the aircraft will maintain the set 
parameter until a new change has been initiated 

18 Explain automatic mode reversion and typical situations where it may occur:  

— no suitable data for the current mode such as flight plan discontinuity 
when in LNAV/managed NAV;  

— change of parameter during capture phase for original parameter such as 
change of altitude target during ALT ACQ/ALT*;  

— mismanagement of a mode resulting in engagement of the autopilot 
envelope protection, e.g. selecting excessive V/S resulting in a loss of speed 
control.. 

X 

19 Explain the dangers of mismanagement of the following modes:  

— use of V/S and lack of speed protection, i.e. excessive V/S or FPA may be 
selected with subsequent uncontrolled loss or gain of airspeed;  

— arming VOR/LOC or APP outside the protected area of the localiser or ILS. 
withregard to V/S. 

X 

20 Describe how failure of other systems may influence the availability of the 
autopilot and how incorrect data from other systems may result in an 
undesirable aircraft state, potentially without any failure indications. Explain 
the importance of prompt and appropriate pilot intervention during such 
events 

X 

21 Explain an appropriate procedure for disengaging the autopilot and why both 
aural and visual warnings are used to indicate that the autopilot is being 
disengaged:  

— temporary warning for intended disengagement using the design method;  

— continuous warning for unintended disengagement or using a method 
other than the design method 

X 

22 Explain the following regarding autopilot and aircraft with manual trim: 

the autopilot may not engage unless the aircraft controls are in trim;  

— the aircraft will normally be in trim when the autopilot is disconnected;  

— use of manual trim when the autopilot is engaged will normally lead to 
autopilot disconnection and a risk of an out-of-trim situation. 

X 

022 06 03 00 Flight Director: design and operation  

022 06 03 01 Purpose, use, indications, modes, data  

01 Explain the purpose of a flight director system.. X 

02 Describe the different types of display:  

— pitch and roll crossbars;  

X 
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— V-bar. 

03 Explain the differences between a flight director and an autopilot and how 
the flight director provides a means of crosschecking the control/guidance 
commands sent to the autopilot 

X 

04 Explain why the flight director must be followed when engaged/shown, and 
describe the appropriate use of the flight director:  

— flight director only;  

— autopilot only;  

— flight director and autopilot;  

— typical job-share between pilots (pilot flying (PF)/pilot monitoring (PM)) for 
selecting the parameters when autopilot is engaged versus disengaged;  

— highlight when the flight director should not be followed or should be 
disengaged. . 

X 

05 Give examples of different scenarios and the resulting flight director 
indications. 

X 

06 Explain that the flight director computes and indicates the direction and 
magnitude of control inputs required in order to achieve an attitude to follow 
a trajectory 

X 

07 Explain how the modes available for the flight director are the same as those 
available for the autopilot, and that the same panel (FCU/MCP) is normally 
used for selection. 

X 

08 Explain the importance of checking the FMC data or selected autopilot modes 
through the FMA when using the flight directors. If the flight directors are 
showing incorrect guidance, they should not be followed and should be 
turned off. 

X 

022 06 04 00 Aeroplane: Flight Mode Annunciator (FMA)  

022 06 04 01 Purpose, modes, display scenarios  

01 Explain the purpose of FMAs and their importance being the only indication 
of the state of a system rather than a switch position 

X 

02 Describe where the FMAs are normally shown and how the FMAs will be 
divided into sections (as applicable to aircraft complexity):  

-  vertical modes; 

-  lateral modes;  

-  autothrust modes;  

-  autopilot and flight director annunciators;  

-  landing capability 

X 

03 Explain why FMAs for engaged or armed modes have different colour or X 
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different font size. 

04 Describe the following FMA display scenarios: 

 — engagement of a mode;  

— mode change from armed to becoming engaged;  

— mode reversion. 

X 

05 Explain the importance of monitoring the FMAs and announcing mode 
changes at all times (including when selecting a new mode) and why only 
certain mode changes will be accompanied by an aural notification or 
additional visual cues 

X 

06 Describe the consequences of not understanding what the FMAs imply or 
missing mode changes, and how it may lead to an undesirable aircraft 
state. 

X 

022 06 05 00 Autoland  

022 06 05 01 Design and operation  

01 Explain the purpose of an autoland system.. X 

02 Explain the significance of the following components required for an 
autoland:  

— autopilot; 

 — autothrust; 

 — radio altimeter;  

— ILS receivers. 

X 

022 08 00 00 TRIMS — YAW DAMPER — FLIGHT-ENVELOPE PROTECTION  

022 08 03 00 Flight-envelope protection (FEP)  

022 08 03 01 Purpose, input parameters, functions  

01 Explain the purpose of the FEP. X 

02 Explain typical input parameters to the FEP: — AoA; 

 — aircraft configuration; 

 — airspeed information. 

X 

03 - Explain the following functions of the FEP:  

-  stall protection;  

-  overspeed protection 

X 

04 Explain how the stall-protection function and the overspeedprotection 
function apply to both mechanical/conventional and FBW control systems, 
but other functions (e.g. pitch or bank limitation) can only apply to FBW 
control systems 

X 
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022 11 00 00 FLIGHT MANAGEMENT SYSTEM (FMS)/ FLIGHT MANAGEMENT AND 
GUIDANCE SYSTEM (FMGS) 

 

022 11 01 00 Design  

022 11 01 01 Purpose, architecture, failures, functions  

01 Explain the purpose of an FMS. X 

04 Describe how the FMS integrates with other systems and gathers data in 
order to provide outputs depending on its level of complexity. 

X 

05 Explain how the FMS may provide the following functions:  

— navigation;  

— lateral and vertical flight planning;  

— performance parameters 

X 

022 11 02 00 FMC databases  

022 11 02 01 Navigation database  

01 Explain the purpose of, and describe typical content of, the navigation 
database. 

X 

02 Describe the 28-day aeronautical information regulation and control (AIRAC) 
update cycle of the navigation database and explain the reason for having 
two navigation databases (one active, one standby) and the implication this 
has to the pilot.. 

X 

03 Explain the purpose of typical user-defined waypoints such as:  

— latitude/longitude coordinates; 

 — place/bearing/distance (PBD); 

 — place/bearing place/bearing (PBX);  

— place/distance (PD). 

X 

04 Explain that the pilot cannot change or overwrite any of the data in the 
navigation database and that any user-defined waypoints, routes and 
inputted data will be erased when a different database is activated. 

X 

05 Explain the threats and implications to the pilot of changing the database by 
error either on the ground or while flying. 

X 

022 11 02 02 Aircraft performance database  

01 Explain the purpose of, and describe the typical content of, the aircraft 
performance database. 

X 

02 Explain the importance of verifying that the aircraft performance database is 
based on the correct data, such as engine type and aircraft variant. 

X 
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03 Explain that the contents of the aircraft performance database cannot be 
modified by the pilot 

X 

04 Explain the purpose of performance factor and how it influences the 
calculations 

X 

022 11 03 00 Operations, limitations  

022 11 03 01 Data, calculations, position inputs, raw data  

01 Describe typical data that may be provided by the FMS:  

— lateral and vertical navigation guidance;  

— present position;  

— time predictions;  

— fuel predictions;  

— altitude/flight level predictions. 

X 

02 Explain how the FMS will use a combination of inputted/database and 
measured data in order to calculate projections and provide output data. 

X 

03 Explain the issues and threats using inputted/database data and give 
examples of consequences of inputting data incorrectly/using incorrect data. 

X 

10 Explain the difference between following the FMS data compared to following 
raw data from radio-navigation receivers and describe how there may be 
limitations for using FMS data as primary source to follow an instrument 
approach procedure (IAP) such as LOC, VOR or NDB. 

X 

022 11 04 00 Human–machine interface (control and display unit (CDU)/ multifunction 
control and display unit (MCDU)) 

 

022 11 04 01 Purpose, scratchpad, data input, set-up process  

01 Describe the purpose of a CDU/MCDU. X 

02 Describe the typical layout of a CDU/MCDU and the general purpose of the 
following: 

 — screen;  

— line select keys;  

— menu select keys; 

 — alphanumerical keys 

X 

03 Explain the function of the ‘scratchpad’ part of the screen. X 

04 Describe how input of some data is compulsory for the function of the FMS 
and other data is optional, and that different symbology is used to highlight 
this:  

— rectangular boxes = compulsory information; 

X 
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 — dashed line = optional information. 

022 12 00 00 ALERTING SYSTEMS, PROXIMITY SYSTEMS  

022 12 02 00 Flight Warning Systems (FWS)  

022 12 02 01 Annunciations, master warning, master caution, advisory  

01 State the annunciations given by the FWS and typical location for the 
annunciator(s):  

— master warning;  

— master caution;  

— advisory 

X 

02 Explain master warning:  

— colour of annunciator: red;  

— nature of aural alerts: continuous;  

— typical failure scenarios triggering the alert. 

X 

03 Explain master caution:  

— colour of the annunciator: amber or yellow;  

— nature of aural alerts: attention-getter; 

 — typical failure scenarios triggering the alert. 

X 

04 Describe a typical procedure following a master warning or master caution 
alert:  

— acknowledging the failure;  

— silencing the aural warning;  

— initiating the appropriate response/procedure 

X 

05 Explain advisory: 

—colour of the annunciator: any other than red, amber, yellow or green;  

— absence of aural alert;  

— typical scenarios triggering the advisory. 

X 

022 12 07 00 Altitude alert system  

022 12 07 01 Function, displays, alerts  

01 Describe the function of an altitude alert system. X 

02 Describe different types of displays and possible alerts. X 

022 12 08 00 Radio altimeter  

022 12 08 01 Purpose, range, displays, incorrect indications  

01 State the function of a low-altituderadioaltimeter. X 
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02 Describe the principle of the distance (height) measurement. . X 

03 Describe the different types of radio-altimeter displays. X 

04 Describe how the radio altimeter provides input to other systems and how a 
radio-altimeter failure may impact on the functioning of these 
systems.anddescribethedifferent types ofdisplays. 

X 

05 State the range of a radio altimeter X 

06 Explain the potential implications of a faulty radio-altimeter and how this in 
particular may affect the following systems:  

— autothrust (flare/retard);  

— ground-proximity warning systems (GPWSs). . 

X 

022 12 10 00 ACAS/TCAS X 

022 12 10 01 Principles and operations  

01 State that ACAS II is an ICAO standard for anti-collision purposes. X 

02 Explain that ACAS II is an anti-collision system and does not guarantee any 
specific separation. 

X 

03 Describe the purpose of an ACAS II system as an anti-collision system. X 

04 Describe the following outputs from a TCAS: — other intruders;  

— proximate intruders; 

— traffic advisory (TA);  

— resolution advisory (RA) 

X 

05 State that ACAS II will issue commands in the vertical plane only (climb, 
descent or maintain), and that the commands are complied with as a manual 
manoeuvre. 

X 

06 Explain that an RA may or may not require any active control input and the 
implications of reacting instinctively without awareness of actual control 
inputs required to comply with the RA. 

X 

07 Explain that if two aircraft are fitted with ACAS II, the RA will be coordinated X 

08 State that ACAS II equipment can take into account several threats 
simultaneously 

X 

09 State that a detected aircraft without altitude-reporting can only generate a 
TA; describe typical type of traffic and how this can create distractions during 
flight in certain areas of significant air traffic activity. 

X 

10 Describe the interaction between the TCAS II system and the transponder, 
radio altimeter and the air-data computer:  

— antenna used;  

X 
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— computer and links with radio altimeter, air-data computer and mode-S 
transponder. 

11 Explain the principle of TCAS II interrogations. X 

12 State the typical standard detection range for TCAS II:  

— 35–40 NM horizontally;  

— approximately 2 000 ft above and below (any setting);  

— extension to approximately 10 000 ft above (ABV selected) or 
approximately 10 000 ft below (BLW selected). 

X 

13 Explain the principle of ‘reduced surveillance’. X 

14 Explain that in high-density traffic areas the range may automatically be 
decreased in order to enable detection of the threats in the proximity of the 
aircraft due to a limitation of the maximum number of possible intruders the 
system is able to process 

X 

15 Identify the equipment which an intruder must be fitted with in order to be 
detected by TCAS II.  

X 

16 Explain in the anti-collision process:  

— the criteria used to trigger an alarm (TA or RA) are the time to reach the 
closest point of approach (CPA) (called TAU) and the difference of altitude;  

— an intruder will be classified as ‘proximate’ when being less than 6 NM and 
1 200 ft from the TCAS-equipped aircraft;  

— the time limit to CPA is different depending on aircraft altitude, is linked to 
a sensitivity level (SL), and state that the value to trigger an RA is from 15 to 
35 seconds;  

— in case of an RA, the intended vertical separation varies from 300 to 600 ft 
(700 ft above FL420), depending on the SL;  

— below 1 000 ft above ground, no RA can be generated; — below 1 450 ft 
(radio-altimeter value) ‘increase descent’ RA is inhibited;  

— at high altitude, performances of the type of aircraft are taken into account 
to inhibit ‘climb’ and ‘increase climb’ RA. 

X 

17 List and interpret the following information available from TCAS:  

— the different possible statuses of a detected aircraft: ‘other’, ‘proximate’, 
‘intruder’; 

 — the appropriate graphic symbols and their position on the horizontal 
display; 

— different aural warnings 

X 

18 Explain the indications of a TA and an RA and how an RA will generate a red 
area on the VSI. Some variants will also include a green area. To manoeuvre 
the aircraft to comply with the RA, the pilot should ‘avoid the red’ or ‘fly the 

X 
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green’. 

19 Explain that the pilot must not interpret the horizontal track of an intruder 
upon the display. 

X 

022 13 00 00 INTEGRATED INSTRUMENTS — ELECTRONIC DISPLAYS  

022 13 01 00 Electronic display units  

022 13 01 01 Design, limitations  

01 - List the different technologies used, e.g. CRT and LCD, and the 
associated limitations:  

-  cockpit temperature;  

-  glare;  

-  resolution. 

X 

022 13 02 00 Mechanical integrated instruments  

022 13 02 01 Attitude and director indicator (ADI)/ horizontal situation indicator (HSI)  

01 Describe an ADI and an HSI. X 

02 List all the information that can be displayed on either instrument. X 

022 13 03 00 Electronic flight instrument systems (EFISs)  

022 13 03 01 Design, operation  

01 List the following parts of an EFIS:  

— control panel; 

— display units;  

— symbol generator; 

 — remote light sensor 

X 

02 Describe the typical layout of the EFIS display units and how there may be a 
facility to transfer the information from one display unit on to another if a 
display unit fails. 

X 

03 Explain the need for standby instruments to supplement the EFIS in the event 
of all the display units failing and the challenge of using these standby 
instruments, namely their size and position on the flight deck 

X 

04 Explain the difference between a symbol generator failing and a display unit 
failing, and the implications if there are redundant symbol generators 
available. 

X 

05 Describe the purpose of an EFIS control panel and typical selections that may 
be available: — altimeter pressure setting; 

— navigation display (ND) mode selector;  

X 
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— ND range selector;  

— ND data selector (waypoints, facilities, constraints, data, etc.);  

— radio-navigation aids selector (VOR 1/2 or ADF 1/2);  

— decision altitude (DA)/decision height (DH) selection 

022 13 03 02 Primary flight display (PFD), electronic attitude director indicator (EADI)  

01 Describe that a PFD (or an EADI) presents a dynamic colour display of all the 
parameters necessary to control the aircraft, and that the main layout 
conforms with the ‘basic T’ principle:  

— attitude information in the centre;  

— airspeed information on the left; 

 — altitude information on the right;  

— heading/track indication lower centre; 

— flight mode annunciation;  

— basic T;  

— take-off and landing reference speeds; 

 — minimum airspeed;  

— lower selectable airspeed;  

— Mach number 

X 

02 - Describe the typical design of the attitude information: artificial 
horizon with aircraft symbol; superimposed flight director command 
bars. 

X 

03 - Describe the typical design of the speed tape:  

-  rolling speed scale with numerical read-out of current speed;  

-  limiting airspeeds according to configuration;  

- speed trend vector;  

- bug/indication for selected airspeed 

-  limiting airspeeds according to configuration;  

- speed trend vector;  

- bug/indication for selected airspeed. 

X 

04 Explain the Mach number indications and how a selected Mach number 
is presented with the speed bug on a corresponding IAS on the speed 
tape with the Mach number shown as a numerical indication outside the 
speed tape. 

 

05 Describe the typical design of the altitude information:  

— rolling altitude scale with numerical read-out of current altitude;  

— altimeter pressure setting;  

X 
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— bug/indication for selected altitude;  

— means of highlighting the altitude if certain criteria are met. 

06 Describe the typical design of the heading/track information: 

 — rolling compass scale/rose with numerical read-out of current 
heading/track;  

— bug/indication for selected heading/track. 

X 

07 Describe the typical design and location of the following information: 
— flight mode annunciators (FMAs); — vertical speed indicator 
including TCAS RA command indications;  

— radio altitude;  

— ILS localiser/glideslope and RNP/PBN, GBAS or SBAS 
horizontal/vertical flight path deviation indicator;  

— decision altitude/height (DA/H). 

X 

022 13 03 03  Navigation display (ND), electronic horizontal situation indicator (EHSI)  

01 Describe that an ND (or an EHSI) provides a mode-selectable colour flight ND. X 

02 - List the following four modes typically available to be displayed on an 
ND unit:  

- MAP (or ARC);  

- VOR (or ROSE VOR);  

-  APP (or ROSE LS);  

-  PLAN. 

X 

03 - List and explain the following information that can be displayed with 
the MAP (or ARC) mode selected on an ND unit:  

-  aircraft symbol, compass scale and range markers;  

-  current heading and track (either one may be ‘up’ depending on 
selection), true or magnetic;  

- selected heading and track;  

- TAS/GS;  

-  wind direction and speed (W/V);  

- raw data radio magnetic indicator (RMI) needles/pointers for 
VOR/automatic direction-finding equipment (ADF), if selected, 
including the frequency or ident of the selected navigation facility;  

-  route/flight plan data from the FMS; 

- TO/next waypoint data from the FMS;  

- data from the navigation database such as airports, waypoints or 
navigation facilities as selected;  

-  weather radar information;  

X 
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- TCAS traffic information (no TCAS commands);  

- TAWS (EGPWS) terrain information;  

-  failure flags and messages 

04 - List and explain the following information that can be displayed with 
the VOR or APP (or ROSE VOR or ROSE LS) mode selected on an ND 
unit:  

-  aircraft symbol and compass scale;  

-  current heading and track (either one may be ‘up’ depending on 
selection), true or magnetic; 

-  selected heading and track;  

- TAS/ground speed (GS);  

- wind direction and speed (W/V);  

- VOR or ILS frequency and identification of the selected navigation 
aid;  

- VOR selected course, deviation indicator and a TO/FROM indicator in 
a HSI-type display format when in VOR mode;  

- localiser selected course, deviation indicator and glideslope indicator 
in a HSI-type display format when in APP mode.  

- weather radar information;  

- TCAS traffic information (no TCAS commands);  

- TAWS (EGPWS) terrain information;  

- failure flags and messages.VOR course or ILS localiser course; 

- VOR (VOR or ROSE VOR mode) or LOC course deviation (APP or ROSE 
LS); 

- glide-slope pointer (APP or ROSE LS); 

- frequency or identifier of the tuned station; 

- ground speed; 

- TAS and ground speed; 

- wind direction and speed; 

- failure flags and messages 

X 

05 - List and explain the following information that can be displayed with 
the PLAN mode selected on an ND unit: 

-  north-up compass rose and range markers;  

-  aircraft symbol oriented according to aircraft heading;  

- TAS/GS; failure flags and messages. 

- wind direction and speed (W/V); 

-  route/flight plan data from the FMS;  

X 
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-  TO/next waypoint data from the FMS;  

-  data from the navigation database such as airports, waypoints or 
navigation facilities as selected;  

-  failure flags and messages. 

06 Explain the purpose of PLAN mode and its characteristics such as:  

— no compass information;  

— north is up on the display unit at all times; — the centre waypoint is the 
selected waypoint on the FMS CDU; 

 — scrolling through the flight plan on the FMS CDU will shift the map view 
along the flight path;  

— the aircraft symbol will be positioned in the appropriate place along the 
flight path;  

— using PLAN mode as the primary mode during flight may lead to 
disorientation and loss of situational awareness. 

X 

07 Distinguish the difference between the appearance of an EXPANDED or 
FULL/ROSE mode and how the displayed range differs between them. . 

X 

08 Explain the combination of mode and range selection including how selecting 
the appropriate range and displayed data can improve situational awareness 
for a given phase of flight. 

X 

022 13 06 00 Electronic flight bag (EFB)  

022 13 06 01 Purpose, certification, malfunctions  

01 Explain the purpose of the EFB and list typical equipment:  

— computer laptop;  

— tablet device;  

— integrated avionics suite in the aircraft. 

X 

022 15 00 00 DIGITAL CIRCUITS AND COMPUTERS  

022 15 01 00 Digital circuits and computers  

022 15 01 01 General, definitions and design  

01 Define a ‘computer’ as a machine for manipulating data according to a list of 
instructions. . 

X 

02 Explain the term ‘bus’being used as a term for a facility (wiring, optical fibre, 
etc.) transferring data between different parts of a computer, both internally 
and externally. 

X 

03 Define the terms ‘hardware’ and ‘software’. . X 

04 With the help of the relevant 022 references, give examples of airborne 
computers and list the possible peripheral equipment for each system, such 

X 
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as:  

— ADC with pitot probe(s), static port(s) and indicators; 

 — FMS with GPS, CDU/MCDU and ND;  

— GPWS with radio altimeter, ADC and ND. 
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Rating (IR) 

033 00 00 00 FLIGHT PLANNING AND MONITORING  

033 01 01 04 Communications and radio- navigation planning data  

033 02 00 00 FLIGHT PLANNING FOR IFR FLIGHTS  

033 02 01 00 IFR navigation plan  

033 02 01 01 Air traffic service (ATS) routes  

01 - Identify suitable routings by identifying all relevant aeronautical 
and regulatory information (including information published in the 
national aeronautical information publication (AIP)) required for IFR 
flight planning. 

X 

02 Identify and describe ATS routes (conventional, area navigation 
(RNAV), required navigation performance (RNP), conditional routes 
(CDRs), and direct routes). 

X 

033 02 01 02 Courses and distances from en-route charts  

01 Determine courses and distances. X 

02 Determine bearings and distances of waypoints from radionavigation aids X 

033 02 01 03 Altitudes  

01 - Define the following altitudes:  

-  minimum en-route altitude (MEA);  

-  minimum obstacle clearance altitude (MOCA);  

-  minimum sector altitude (MSA);  

-  minimum off-route altitude (MORA); 

-  grid minimum off-route altitude (Grid MORA); 

-  maximum authorised altitude (MAA);  

-  minimum crossing altitude (MCA);  

-  minimum holding altitude (MHA). 

X 

02 - Extract the following altitudes from the chart(s): 

-  MEA;  

-  MOCA;  

-  MSA;  

-  MORA;  

-  Grid MORA; 

-  MAA;  

X 
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-  MCA;  

-  MHA. 

03 State who is responsible for terrain separation during IFR flight inside 
and outside controlled airspace. 

X 

04 State the minimum obstacle clearance requirements for en-route IFR 
flight inside and outside controlled airspace 

X 

05 State when a temperature error correction must be applied by either 
the pilot or ATC. 

X 

06 Identify and explain the use of minimum radar vectoring altitudes X 

07 Calculate the minimum pressure altitude required with a given 
obstacle clearance, magnetic track, OAT, QNH and reduced vertical 
separation minimum (RVSM)/non-RVSM information 

X 

08 Calculate true altitude above a given datum using a given pressure 
altitude, OAT and QNH. 

X 

033 02 01 04 Standard instrument departure (SID) and standard instrument arrival 
(STAR) routes 

 

01 State the reasons for studying SID and STAR charts.. X 

02 State that SID and STAR charts show procedures only in a pictorial 
presentation style which may not be true to scale 

X 

03 - Interpret all data and information represented on SID and STAR 
charts, particularly:  

-  routings;  

-  distances;  

-  courses 

-  radials;  

-  altitudes/levels;  

-  frequencies;  

-  restrictions;  

-  RNAV waypoints and non-RNAV intersection; fly-over and fly-by 
waypoints. 

X 

04 Identify SID and STAR charts which might be relevant for a planned flight. X 

05 Define SID and STAR for RNAV only X 

06 Describe the difference between SID/STAR, RNAV SID/STAR and RNAV 
SID/STAR overlay. 

X 

033 02 01 05 Instrument-approach charts  
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01 State the reasons for being familiar with instrument-approach procedures 
(IAPs) and appropriate data for departure, destination and alternate 
aerodromes. 

X 

02 Select IAPs appropriate for departure, destination and alternate 
aerodromes. 

X 

03 - Interpret all procedures, data and information represented on 
instrument-approach charts, particularly:  

-  courses and radials;  

-  distances; 

-  altitudes/levels/heights;  

-  restrictions;  

-  obstructions; 

-  frequencies;  

-  speeds and times;  

-  decision altitudes/heights (DAs/Hs);  

-  (DA/H) and minimum descent altitudes/heights (MDAs/Hs);  

-  visibility and runway visual ranges (RVRs);  

-  approach-light systems. 

X 

04 Explain the following IAP terms: 

— type A and B;  

— 2D and 3D;  

— CAT I, II and III;  

— precision approach (conventional and ground-based augmentation 
system (GBAS));  

— non-precision approach (conventional and required navigation 
performance approach (RNP APCH) (lateral navigation (LNAV), 
LNAV/vertical navigation (VNAV), localiser performance (LP), 
localiser performance with vertical guidance (LPV), and required 
navigation performance authorisation required approach (RNP AR 
APCH)); 

 — approach procedure with vertical guidance (APV) (APV Baro and 
APV satellite-based augmentation system (SBAS)). 

X 

033 02 01 06 Communications and radio-navigation planning data  

01 - Find the communication frequencies and call signs for aeronautical 
services for IFR flights from en-route charts.  

X 

02 Find the frequency or identifiers of radio-navigation aids for IFR flights from 
en-route charts 

X 

033 02 01 07 Completion of a manual navigation plan  
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01 Complete a navigation plan with the courses, distances and frequencies 
taken from charts 

X 

02 Find the SID and STAR routes to be flown or to be expected. X 

03 Determine the position of top of climb (TOC) and top of descent (TOD) from 
given appropriate data 

X 

04 Determine variation and calculate magnetic/true courses. X 

05 Calculate TAS from given aircraft performance data, altitude and OAT. X 

06 Calculate wind correction angles (WCAs)/drift and ground speeds (GSs). X 

07 Calculate individual and accumulated times for each leg to destination and 
alternate aerodromes. 

X 

08 Describe the advantages of global navigation satellite system/flight 
management computer (GNSS/FMC) equipment regarding: 

 — automatic calculation and display of tracks and leg distances;  

— additional route information in the database (minimum altitudes, 
approach procedures);  

— time and fuel estimates over waypoints;  

— ability to adjust speed to arrive over a waypoint at a defined time;  

— time and fuel revisions based on predicted and actual wind. 

X 

09 Describe the limitations of using GNSS/FMC equipment:  

— pilot-inputted errors (flight levels, wind, temperature, fuel);  

— the effect of other than predicted wind on fuel and time estimates; 

 — the effect of aircraftʼs non-standard configuration on flight management 
system (FMS) predictions. 

X 

033 03 00 00 FUEL PLANNING  

033 03 01 00 General  

033 03 01 01 Fuel planning (general)  

01 Convert to volume, mass and density given in different units which are 
commonly used in aviation. 

X 

02 Determine relevant data, such as fuel capacity, fuel flow/ consumption at 
different power/thrust settings, altitudes and atmospheric conditions, from 
the flight manual 

X 

03 Calculate the attainable flight time/range from given average fuel 
flow/consumption and available amount of fuel. 

X 

04 Calculate the required fuel from given average fuel flow/ consumption and 
required time/range to be flown. 

X 
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05 Calculate the required fuel for a VFR or IFR flight from given forecast 
meteorological conditions 

X 

06 State the minimum amount of remaining fuel required on arrival at the 
destination and alternate aerodromes 

X 

07 Explain and describe how to calculate nautical air miles (NAM) from nautical 
ground miles (NGM) 

X 

033 03 02 00 Pre-flight fuel planning for commercial flights  

033 04 00 00 PRE-FLIGHT PREPARATION  

033 04 01 00 Notice to airmen (NOTAM) briefing  

033 04 01 01 Ground- and satellite-based facilities and services  

01 Check that the ground- and satellite-based facilities and services required 
for the planned flight are available and adequate.. 

X 

033 04 01 02 Departure, destination and alternate aerodromes  

01 - Find and analyse the latest state at the departure, destination and 
alternate aerodromes, in particular for:  

-  opening hours;  

-  work in progress (WIP);  

-  special procedures due to WIP;  

-  obstructions;  

-  changes of frequencies for communications, navigation aids and 
facilities. 

X 

02 Check that satellite-based facilities are available during the 
expected time of use. 

X 

03 Check that GBAS/SBAS augmentation is available during the 
expected time of use. 

X 

033 04 01 03 Airway routings and airspace structure  

01 - Find and analyse the latest en-route state for: 

-  airway(s) or route(s);  

-  restricted,danger and prohibited areas;  changes of frequencies for 
communications, navigation aids and facilities.changes of 
frequenciesforcommunications,navigationaids andfacilities. 

X 

033 04 02 00 Meteorological briefing  

033 04 02 01 Intentionally left blank  

033 04 02 02 Update of navigation plan using the latest meteorological information  
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02 Confirm true altitudes from given atmospheric data to ensure that statutory 
minimum clearance is attained 

X 

03 Confirm magnetic headings and GSs X 

04 Confirm the individual leg times and the total time en route.. X 

05 Confirm the total time en route for the trip to the destination X 

06 Confirm the total time from destination to the alternate aerodrome. X 

033 04 02 05 Update of fuel plan  

01 Calculate the revised fuel data in accordance with the changed conditions. X 

033 05 00 00 ICAO FLIGHT PLAN (ATS flight plan (FPL))  

033 05 01 00 Individual FPL  

033 05 01 01 Format of FPL  

01 State the reasons for a fixed format of an ICAO ATS FPL. X 

02 - Determine the correct entries to complete an ATS FPL plus decode 
and interpret the entries in a completed ATS FPL, particularly for 
the following:  

-  aircraft identification (Item 7); 

-  flight rules and type of flight (Item 8);  

-  number and type of aircraft and wake-turbulence category (Item 
9);  

-  equipment (Item 10);  

-  departure aerodrome and time (Item 13);  

-  route (Item 15);  

-  destination aerodrome, total estimated elapsed time and alternate 
aerodrome (Item 16); 

-  other information (Item 18);  

-  supplementary information (Item 19). 

X 

033 06 00 00 FLIGHT MONITORING AND IN-FLIGHTREPLANNING  

033 06 01 00 FLIGHT MONITORING AND IN-FLIGHT REPLANNING  

033 06 01 01 Flight Monitoring  

01 State the reasons for possible deviations from the planned track and 
planned timings. 

X 

02 Calculate GS by using actual in-flight parameters.. X 

03 Calculate the expected leg times by using actual in-flight parameters. X 
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033 06 01 02 In-flight fuel management  

01 Explain why fuel checks must be carried out in flight at regular intervals and 
why relevant fuel data must be recorded. 

X 

02 Assess deviations of actual fuel consumption from planned consumption X 

03 Calculate fuel quantity used, fuel consumption, and fuel remaining at 
navigation checkpoints/waypoints.. 

X 

04 Compare the actual with the planned fuel consumption by means of 
calculation. 

X 

05 Determine the remaining range and endurance by means of calculation.. X 

06 Calculate the revised fuel consumption based on changes to the pre-flight 
plan, including changes of W/V, cruise level, OAT, distances, Mach number 
and CAS. 

X 
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040 00 00 00 HUMAN PERFORMANCE AND LIMITATIONS  

040 01 00 00 HUMAN FACTORS: BASIC CONCEPTS  

040 01 01 00 Human factors in aviation  

040 01 01 01 Becoming a competent pilot  

01 State that competence is based on knowledge, skills and attitudes of the 
individual pilot, and list the ICAO eight core competencies:  

— application of procedures; 

 — communication;  

— aircraft flight path management, automation;  

— aircraft flight path management, manual control;  

— leadership and teamwork;  

— problem-solving and decision-making; — situation awareness;  

— workload management 

X 

040 01 02 00 Intentionally left blank  

040 01 03 00 Flight safety concepts  

040 01 03 01 Threat and error management (TEM) model and SHELL model  

01 Explain the three components of the TEM model. X 

02 Explain and give examples of latent threats. X 

03 Explain and give examples of environmental threats. X 

04 Explain and give examples of organisational threats. X 

05 Explain and give a definition of ‘error’ according to the TEM model of 
ICAO Doc 9683 (Part II, Chapter 2). 

X 

06 Give examples of different countermeasures which may be used in order 
to manage threats, errors, and undesired aircraft states 

X 

07 Explain and give examples of procedural error, communication errors, 
and aircraft handling errors. 

X 

08 Explain and give examples of ‘undesired aircraft states’. X 

09 State the components of the SHELL model. X 

10 State the relevance of the SHELL model to the work in the cockpit X 

040 01 04 00 Safety culture  

040 01 04 01 Safety culture and safety management  
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01 Distinguish between ‘open cultures’ and ‘closed cultures’. X 

02 Illustrate how safety culture is reflected in national culture. X 

03 Discuss the established expression ‘safety first’ in a commercial entity. X 

04 Explain James Reason’s ‘Swiss Cheese Model’ X 

05 State the important factors that promote a good safety culture. X 

06 Distinguish between ‘just culture’ and ‘non-punitive culture’. X 

07 Name the five components which form safety culture (according to James 
Reason: informed culture, reporting culture, learning culture, just culture, 
flexible culture) 

X 

08 Name the basic concepts of safety management system (SMS) (including 
hazard identification and risk management) and its relationship with 
safety culture in order to:  

— define how the organisation is set up to manage risks;  

— identify workplace risk and implement suitable controls;  

— implement effective communication across all levels of the 
organisation. 

X 

040 02 00 00 Basics of aviation physiology and health maintenance  

040 02 01 00 Basics of flight physiology  

040 02 01 01 The atmosphere  

01 State that the volume percentage of the gases in ambient air will remain 
constant at all altitudes at which conventional aircraft operate.. 

X 

040 02 01 02 Respiratory and circulatory system  

01 List the main components of the respiratory system and their function. X 

02 Identify the different volumes of air in the lungs and state the normal 
respiratory rate. 

X 

03 Explain the role of carbon dioxide in the control and regulation of 
respiration. 

X 

04 Describe the basic processes of external respiration and internal 
respiration. 

X 

05 List the factors that determine pulse rate. X 

06 Name the major components of the circulatory system and describe their 
function. 

X 

07 State the values for a normal pulse rate and the average cardiac output 
(heart rate × stroke volume) of an adult at rest 

X 
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08 Define ‘systolic’ and ‘diastolic’ blood pressure. X 

09 State the normal blood pressure ranges and units of measurement. X 

10 List the main constituents of blood and describe their functions X 

11 Stress the function of haemoglobin in the circulatory system. X 

12 Define ‘anaemia’ and state its common causes. X 

13 Indicate the effect of increasing altitude on haemoglobin oxygen 
saturation. 

X 

 Hypertension and hypotension  

14 Define ‘hypertension’ and ‘hypotension’. X 

15 List the effects that high and low blood pressure will have on some 
normal functions of the human body 

X 

16 State that both hypotension and hypertension may disqualify a pilot from 
obtaining medical clearance to fly. 

X 

17 List the factors which can lead to hypertension for an individual. X 

18 State the corrective actions that may be taken to reduce high blood 
pressure. 

X 

19 Stress that hypertension is the major factor of strokes in the general 
population. 

X 

 Coronary artery disease  

20 Differentiate between ‘angina’ and ‘heart attack’. X 

21 Explain the major risk factors for coronary disease X 

22 State the role physical exercise plays in reducing the chances of 
developing coronary disease 

X 

 Hypoxia  

23 Define the two major forms of hypoxia (hypoxic and anaemic), and the 
common causes of both.. 

X 

24 State the symptoms of hypoxia. X 

25 State that healthy people are able to compensate for altitudes up to 
approximately 10 000–12 000 ft.  

X 

26 Name the three physiological thresholds and allocate the corresponding 
altitudes for each of them:  

— reaction threshold (7 000 ft); 

 — disturbance threshold (10–12 000 ft); and  

X 
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— critical threshold (22 000 ft). 

27 State the altitude at which short-term memory begins to be affected by 
hypoxia. 

X 

28 Define the terms ‘time of useful consciousness’ (TUC) and ‘effective 
performance time’ (EPT). 

X 

29 State that TUC varies among individuals, but the approximate values for a 
person seated (at rest) are:  

20 000 ft 30 min  

30 000 ft 1–2 min  

35 000 ft 30–90 s  

40 000 ft 15–20 s 

X 

30 List the factors that determine the severity of hypoxia. X 

31 State the equivalent altitudes when breathing ambient air and 100 % 
oxygen at mean sea level (MSL) and at approximately 10 000, 30 000 and 
40 000 ft. 

X 

 Hyperventilation  

32 Describe the role of carbon dioxide in hyperventilation. X 

33 Define the term ‘hyperventilation’. X 

34 List the factors that cause hyperventilation. X 

35 State that hyperventilation may be caused by psychological or 
physiological reasons. 

X 

36 List the signs and symptoms of hyperventilation X 

37 List the measures which may be taken to counteract hyperventilation: 
breath slowly, close one opening of the nose, speak loudly, place a paper 
bag over nose and mouth. 

X 

 Decompression sickness/illness  

38 State the normal range of cabin pressure altitude in pressurised 
commercial air transport aircraft and describe its protective function for 
aircrew and passengers. 

X 

39 List the vital actions the crew has to perform when cabin pressurisation is 
lost (oxygen mask on, emergency descent, land as soon as possible, and 
no further flight for the next minimum 24 hours). State that 
decompression sickness symptoms can occur up to 24 hours later. 

X 

40 Identify the causes of decompression sickness in flight operation. X 

41 State how decompression sickness can be prevented. ventilation. X 



D. SUBJECT 040 – HUMAN PERFORMANCE AND LIMITATIONS 
 

  

Page 57 of 145 

 

Syllabus 
reference 

Syllabus details and associated 

Learning Objectives 

Instrument 
Rating (IR) 

42 List the symptoms of decompression sickness (bends, creeps, chokes, 
staggers).. 

X 

43 Indicate how decompression sickness may be treated. X 

44 Define the hazards of diving and flying, and give the recommendations 
associated with these activities. 

X 

 Acceleration  

45 Define ‘linear acceleration’ and ‘angular acceleration’.. X 

46 Describe the effects of z-acceleration on the circulation and blood volume 
distribution. 

X 

47 List magnitude, duration and onset as factors that determine the effects 
of acceleration on the human body. 

X 

48 List the effects of positive acceleration with respect to type, sequence 
and corresponding G-load. 

X 

 Carbon monoxide  

49 State how carbon monoxide is produced. X 

50 State how the presence of carbon monoxide in the blood affects the 
distribution of oxygen 

X 

51 List the signs and symptoms of carbon-monoxide poisoning X 

52 Explain immediate countermeasures on suspicion of carbonmonoxide 
poisoning and how poisoning can be treated later on the ground. 

X 

040 02 02 00 People and the environment: the sensory system  

040 02 02 01 The different senses  

01 List the different senses. X 

040 02 02 02 Central, peripheral and autonomic nervous systems  

01 Define the term ‘sensory threshold’.. X 

02 Define the term ‘sensitivity’, especially in the context of vision. (ANS).  

03 Give examples of sensory adaptation. X 

04 Define the term ‘habituation’ and state its implication for flight safety X 

040 02 02 03 Vision  

 Functional anatomy  

02 State the basic functions of the parts of the eye.. X 

03 Define ‘accommodation’.. X 
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04 Distinguishbetweenthefunctionsoftherodand conecells Distinguish 
between the functions of the rod and cone cells.. 

X 

05 Describe the distribution of rod and cone cells in the retina and explain 
their relevance to vision.. 

X 

 The fovea (fovea centralis) and peripheral vision  

06 Explain the terms ‘visual acuity’, ‘visual field’, ‘central vision’, ‘peripheral 
vision’ and ‘the fovea’, and explain their function in the process of vision.. 

X 

07 List the factors that may degrade visual acuity and the importance of 
‘lookout’.. 

X 

08 State the limitations of night vision and the different scanning techniques 
at both night and day 

X 

09 State the time necessary for the eye to adapt both to bright light and the 
dark. 

X 

10 State the effect of hypoxia, smoking and altitude in excess of 5 000 ft on 
night vision. 

X 

11 Explain the nature of colour blindness.  X 

 Binocular and monocular vision  

12 Distinguish between monocular and binocular vision X 

13 Explain the basis of depth perception and its relevance to flight 
performance. 

X 

14 List the possible monocular cues for depth perception.. X 

15 State that for high-energy blue light and UV rays, sunglasses can prevent 
damage to the retina. 

X 

 Defective vision  

16 Explain long-sightedness, short-sightedness and astigmatism. X 

 Defectivevision  

17 List the causes of and the precautions that may be taken to reduce the 
probability of vision loss due to:  

— presbyopia;  

— cataract;  

— glaucoma. 

X 

18 - List the types of sunglasses that could cause perceptional 
problems in flight 

X 

19 List the measures that may be taken to protect oneself from flash X 
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blindness. 

20 State the possible problems associated with contact lenses. X 

21 State the current rules/regulations governing the wearing of corrective 
spectacles and contact lenses when operating as a pilot 

X 

22 Explain the significance of the ‘blind spot’ on the retina in detecting other 
traffic in flight. 

X 

040 02 02 04 Hearing  

 Descriptive and functional anatomy  

01 State the basic parts and functions of the outer, the middle and the inner 
ear. 

X 

02 Differentiate between the functions of the vestibular apparatus and the 
cochlea in the inner ear. 

X 

03 Define the main causes of the following hearing defects/loss:  

— ‘conductive deafness’;  

— ‘noise-induced hearing loss’ (NIHL);  

— ‘presbycusis’ 

X 

04 Summarise the effects of environmental noise on hearing. X 

05 State the decibel level of received noise that will cause NIHL X 

06 Identify the potential occupational risks that may cause hearing loss X 

07 List the main sources of hearing loss in the flying environment. X 

08 List the precautions that may be taken to reduce the probability of onset 
of hearing loss. 

X 

040 02 02 05 Equilibrium  

 Functional anatomy  

01 List the main elements of the vestibular apparatus. X 

02 State the functions of the vestibular apparatus on the ground and in flight X 

03 Distinguish between the component parts of the vestibular apparatus in 
the detection of linear and angular acceleration as well as on gravity 

X 

04 Explain how the semicircular canals are stimulated. X 

 Motion sickness  

05 Describe air sickness and its accompanying symptoms. X 

06 List the causes of air sickness X 
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08 Describe the necessary actions to be taken to counteract the symptoms 
of air sickness. 

X 

040 02 02 06 Integration of sensory inputs  

01 State the interaction between vision, equilibrium, proprioception and 
hearing to obtain spatial orientation in flight. 

X 

02 Define the term ‘illusion’). X 

03 Give examples of visual illusions based on shape constancy, size 
constancy, aerial perspective, atmospheric perspective, the absence of 
focal or ambient cues, autokinesis, vectional false horizons, field myopia, 
and surface planes.  

X 

04 Relate these illusions to problems that may be experienced in flight and 
identify the danger attached to them 

X 

05 List approach and landing illusions for slope of the runway, black-hole 
approach, and terrain around runway, and state the danger involved with 
recommendations to avoid or counteract the problems with high or low 
approach or flare at the wrong time. 

X 

06 Explain theflicker effect 
(stroboscopiceffect)anddiscussthecountermeasures. State the 
problems associated with flickering lights (strobe lights, anti-collision 
lights, propellers and rotors under certain light conditions, etc.). 

X 

07 Describe vestibular illusions caused by the angular accelerations (the 
Leans, Coriolis) and linear accelerations (somatogravic, G-effect) 

X 

08 Relate the above-mentioned vestibular illusions to problems encountered 
in flight and state the dangers involved 

X 

09 State that the ‘seat-of-the-pants’ sense is completely unreliable when 
visual contact with the ground is lost or when flying in instrument 
meteorological conditions (IMC) or with a poor visual horizon. 

X 

10 Differentiate between vertigo, Coriolis effect, and spatial disorientation. X 

11 List the measures to prevent or overcome spatial disorientation. X 

040 02 03 00 Health and hygiene  

040 02 03 03 Problem areas for pilots  

 Common minor ailments  

01 State the role of the Eustachian tube in equalising pressure between the 
middle ear and the environment. 

X 

02 State that the in-flight environment may increase the severity of 
symptoms which may be minor while on the ground 

X 
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03 List the negative effects of suffering from colds or flu on flight operations 
especially with regard to the middle ear, the sinuses, and the teet 

X 

04 State when a pilot should seek medical advice from an aeromedical 
examiner (AME) or aeromedical centre (AeMC). 

X 

05 Describe the measures to prevent or clear problems due to pressure 
changes during flight 

X 

 Entrapped gases and barotrauma  

06 Define ‘barotrauma’. X 

07 Differentiate between otic, sinus, gastrointestinal and aerodontalgia (of 
the teeth) barotraumas and explain avoidance strategies. 

X 

08 Explain why the effects of otic barotrauma can be worse in the descent X 

 Gastrointestinal upsets  

09 State the effects of gastrointestinal upsets that may occur during flight X 

10 List the precautions that should be observed to reduce the occurrence of 
gastrointestinal upsets. 

X 

11 Indicate the major sources of gastrointestinal upsets. X 

12 Define ‘obesity’ X 

13 State the following harmful effects obesity can cause:  

— possibility of developing coronary problems;  

— increased chances of developing diabetes;  

— reduced ability to withstand G-forces; — development of problems 
with the joints of the limbs;  

— general circulatory problems; 

— reduced ability to cope with hypoxia or decompression sickness;  

— sleep apnoea. 

X 

14 Describe the problems associated with Type 2 (mostly adult) diabetes:  

— risk factors;  

— insulin resistance; 

— complications (vascular, neurological) and the consequences for the 
medical licence; 

— pilots are not protected from Type 2 diabetes more than other people. 

X 

15 - Describe the typical back problems (unspecific back pain, slipped 
disc) that pilots have. Explain also the ways of preventing and 
treating these problems:  

-  good sitting posture;  

X 
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-  lumbar support;  

-  good physical condition;  

-  in-flight exercise, if possible;  

-  physiotherapy.. 

 Food hygiene  

16 Stress the importance of and methods to be adopted by aircrew, 
especially when travelling abroad, to avoid contaminated food and liquids 

X 

17 List the major contaminating sources in foodstuffs. X 

18 - State the major constituents of a healthy diet X 

19 State the measure to avoid hypoglycaemia X 

20 State the importance of adequate hydration. X 

24 State the major infectious diseases that may severely 
incapacitate or kill individuals. 

X 

25 State the precautions that must be taken to ensure that disease-
carrying insects are not transported between areas 

X 

040 02 03 04 Intoxication  

 Tobacco  

01 - State the harmful effects of tobacco on:  

-  the respiratory system;  

-  the cardiovascular system;  

-  the ability to resist hypoxia; — the ability to withstand G-forces;  

-  night vision.. 

X 

 Caffeine  

02 Indicate the level of caffeine dosage at which performance is degraded. X 

03 Besides coffee, indicate other beverages containing caffeine. X 

 Alcohol  

04 State the maximum acceptable limit of alcohol for flight crew according 
to the applicable regulations. 

X 

05 State the effects of alcohol consumption on: 

the ability to reason; 

- inhibitions and self-control; 

- vision; 

- the sense of balance and sensory illusions; 

X 
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- sleep patterns; 

- hypoxia. 

06 State the effects alcohol may have if consumed together with other 
drugs. 

X 

07 List the signs and symptoms of alcoholism. X 

08 List the factors which may be associated with the development of 
alcoholism. 

X 

09 Define the ‘unit’ of alcohol and state the approximate elimination rate 
from the blood. 

X 

10 State the maximum daily and weekly intake of units of alcohol which may 
be consumed without causing damage to the organs and systems of the 
human body 

X 

 Prescription and non-prescription drugs and self-medication  

12 State the dangers associated with the use of non-prescription drugs.. X 

13 State the side effects of common non-prescription drugs used to treat 
colds, flu, hay fever and other allergies, especially medicines containing 
antihistamine preparations.. 

X 

14 Interpret the rules relevant to using (prescription or nonprescription) 
drugs that the pilot has not used be 

X 

15 Interpret the general rule that ‘if a pilot is so unwell that they require any 
medication, then they should consider themselves unfit to fly’. 

X 

 Toxic materials  

16 List those materials present in an aircraft which may, when uncontained, 
cause severe health problems. 

X 

17 List those aircraft-component parts which if burnt may give off toxic 
fumes. 

X 

18 Describe a fume event and the possible incapacitating effects on those 
exposed to it. 

X 

040 02 03 05 Incapacitation in flight  

01 State that incapacitation is most dangerous when its onset is insidious.. X 

02 List the major causes of in-flight incapacitation X 

04 Explain methods and procedures to cope with incapacitation in flight. X 

040 03 00 00 BASIC AVIATION PSYCHOLOGY  

040 03 01 00 Human information processing  
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040 03 01 01 Attention and vigilance  

01 Differentiate between ‘attention’ and ‘vigilance’. X 

02 Differentiate between ‘selected’ and ‘divided’ attention. X 

03 Define ‘hypovigilance’. X 

04 Identify the factors which may affect the state of vigilance. X 

05 List the factors that may forestall hypovigilance during flight. X 

06 Indicate the signs of reduced vigilance. X 

07 Name the factors that affect a person’s level of attention. X 

040 03 01 02 Perception  

01 Name the basis of the perceptual process. X 

02 Describe the mechanism of perception (‘bottom-up’/‘top-down’ process). X 

03 Illustrate why perception is subjective and state the relevant factors 
which influence interpretation of perceived information. 

X 

04 Describe some basic perceptual illusions. X 

05 Illustrate some basic perceptual concepts. X 

06 Give examples where perception plays a decisive role in flight safety. X 

07 Stress how persuasive and believable mistaken perception can manifest 
itself both on an individual and a group. 

X 

040 03 01 03 Memory  

01 Explain the link between the types of memory (to include sensory, 
working/short-term and long-term memories). 

X 

02 Describe the differences between the types of memory in terms of 
capacity and retention time. 

X 

03 Justify the importance of sensory- store memories in processing 
information. 

X 

04 State the average maximum number of separate items that may be held 
in working memory. 

 

X 

05 Stress how interruption can affect short-term/working memory. X 

06 Give examples of items that are important for pilots to hold in working 
memory during flight.. 

X 

07 Describe how the capacity of the working-memory store may be X 
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increased. 

08 State the subdivisions of long-term memory and give examples of their 
content. 

X 

09 Explain that skills are kept primarily in the long-term memory. X 

10 Describe amnesia and how it affects memory X 

11 Name the common problems with both the long- and shortterm 
memories and the best methods to try to counteract them. 

X 

040 03 01 04 Response selection  

 Learning principles and techniques  

01 Explain and distinguish between the following basic forms of learning: 

- classical and operant conditioning (behaviouristic approach); 

- learning by insight (cognitive approach); 

- learning by imitating (modelling). 

X 

02 Recognise pilot-related examples as behaviouristic, cognitive or modelling 
forms of learning. 

X 

03 State the factors that are necessary for and promote the quality of 
learning:  

— intrinsic motivation;  

— good mental health;  

— rehearsals for improvement of memory 

 — consciousness 

 — vigilance; 

 — application in practical exercises 

X 

04 - Explain ways to facilitate the memorisation of information with 
the following learning techniques: 

-  — mnemonics;  

- — mental training 

X 

05 - Describe the advantage of planning and anticipation of future 
actions: 

- — define the term ‘skills’;  

- — state the three phases of learning a skill (Anderson: cognitive, 
associative and autonomous phase).). 

-  

X 

06 Explain the term ‘motor programme’ or ‘mental schema’ X 

07 Describe the advantages and disadvantages of mental schemas X 
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08 Explain the Rasmussen model which describes the guidance of a pilot’s 
behaviour in different situations. 

X 

09 State the possible problems or risks associated with skill-, ruleand 
knowledge-based behavior 

X 

 Motivation  

10    Define ‘motivation’ X 

11 Explain the relationship between motivation and learning.’ X 

12 Explain the problems of over-motivation X 

040 03 02 00 Human error and reliability  

040 03 02 01 Reliability of human behaviour  

01 Name and explain the factors that influence human reliability. X 

040 03 02 02 Mental models and situation awareness  

01 Define the term ‘situation awareness’. X 

02 List the cues which indicate loss of situation awareness and name the 
steps to regain it. 

X 

03 List the factors that influence one’s situation awareness both positively 
and negatively, and stress the importance of situation awareness in the 
context of flight safety. 

X 

04 Define the term ‘mental model’ in relation to a surrounding complex 
situation 

X 

05 Describe the advantages/disadvantages of mental models X 

06 Explain the relationship between personal ‘mental models’ and the 
creation of cognitive illusions. 

X 

040 03 02 03 Theory and model of human error  

01 Explain the concept of the ‘error chain’. X 

02 Differentiate between an isolated error and an error chain. X 

03 Distinguish between the main forms/types of errors (i.e. slips, faults, 
omissions and violations). 

X 

04 Discuss the above errors and their relevance in flight X 

05 Distinguish between an active and a latent error, and give examples X 

040 03 02 04 Error generation  

01 Distinguish between internal and external factors in error generation X 
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02 Identify possible sources of internal error generation. X 

03 Define and discuss the two errors associated with motor programmes 
(action slip and environmental capture). 

X 

04 List the three main sources of external error generation in the flight crew 
compartment. 

X 

05 Give examples to illustrate the following factors in external error 
generation in the flight crew compartment:  

— ergonomics;  

— economics;  

— social environment 

 

X 

06 Name the major goals in the design of human-centred human– machine 
interfaces. 

X 

07 Define the term ‘error tolerance’. X 

08 List and describe the strategies that are used to reduce human error. X 

09 Describe the advantage of planning and the anticipation of future actions. X 

040 03 03 00 Decision-making  

040 03 03 01 Decision-making concepts  

01 Define the terms ‘deciding’ and 

‘decision-making’ 

X 

02 Describe the major factors on which decision-making should be based 
during the course of a flight. 

X 

03 Describe the main human attributes with regard to decision-making. X 

04 Discuss the nature of bias and its influence on the decision-making 
process. 

X 

05 Describe the main error sources and limits in an individual’s decision- 
making mechanism. 

X 

06 State the factors upon which an individual’s risk assessment is based. X 

07 Explain the relationship between risk assessment, commitment and 
pressure of time in decision-making strategies. 

X 

08 Explain the risks associated with dispersion or channelised attention 
during the application of procedures requiring a high workload within a 
short time frame (e.g. a go-around). 

X 

09 Describe the positive and negative influences exerted by other group X 
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members on an individual’s decision-making process (risky shift). 

10 Explainthegeneralideabehindthecreationofamodelfordecision-making 
basedupon: 

- definitionof theaim; 

- collectionofinformation; 

- riskassessment; 

- developmentofoptions; 

- evaluation ofoptions; 

- decision; 

- implementation; 

- consequences; 

- review and feedback. 

X 

040 03 04 00 Avoiding and managing errors: cockpit management  

040 03 04 01 Safety awareness  

01 Justify the need for being aware of not only one’s own performance but 
that of others before and during a flight and the possible consequences 
or risks. 

X 

040 03 04 04 Communication  

01 Define the term ‘communication’. X 

02 List the most basic components of interpersonal communication. X 

03 Explain the advantages of in-person two-way communication as opposed 
to one-way communication. 

X 

04 Intentionally left blank  

05 Name the importance of non-verbal communication. X 

06 Describe the general aspects of non-verbal communication X 

07 Describe the advantages/disadvantages of implicit and explicit 
communication. 

X 

08 Describe the advantages and possible problems of using ‘social’ and 
‘professional’ language in high- and low-workload situations 

X 

09 Name and explain the major obstacles to effective communication. X 

10 Explain the difference between intrapersonal and interpersonal conflict. X 

11 Describe the escalation process in human conflict X 

12 List the typical consequences of conflicts between crew members X 
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13 Explain the following terms as part of the communication practice with 
regard to preventing or resolving conflicts:  

— inquiry;  

— active listening;  

— advocacy;  

— feedback;  

— metacommunication;  

— negotiation. 

X 

14 Describe the limitations of communication in situations of high workload 
in the flight crew compartment in view of listening, verbal, non-verbal 
and visual effects. 

X 

040 03 05 00 Humanbehaviour  

040 03 05 01 Personality, attitude and behaviour  

01 Describe the factors that determine an individual’s behaviour.. X 

02 Define and distinguish between ‘personality’, ‘attitude’ and ‘behaviour’. X 

03 State the origin of personality and attitude. X 

04 State that with behaviour good and bad habits can be formed. X 

05 Explain how behaviour is generally a product of personality, attitude and 
the environment to which one was exposed at significant moments 
(childhood, schooling and training) State that personality differences and 
selfish attitude may have effects on flight crew performance. 

X 

06 Discusssomeeffectsthatpersonalityandattitudes 
mayhaveonflightcrewperformance. 

X 

040 03 05 02 Individual differences in personality and motivation  

01 Describe the individual differences in personality by means of a common 
trait model (e.g. Eysenck’s personality factors) and use it to describe 
today’s ideal pilot 

X 

 Self-concept  

02 Define the term ‘self-concept’ and the role it plays in any change of 
personality. 

X 

03 Explain how a self-concept of underconfidence may lead to an outward 
show of aggression and self- assertiveness. 

X 

 Self-discipline  

04 Define ‘self-discipline’ and justify its importance for flight safety.. X 

040 03 06 00 Human overload and underload  
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040 03 06 01 Arousal  

01 Explain the term ‘arousal’. X 

02 Describe the relationship between arousal and performance. X 

03 Explain the circumstances under which underload may occur and its 
possible dangers. 

X 

040 03 06 02 Stress  

01 Explain the term ‘stress’ and why stress is a natural human reaction. X 

02 State that the physiological response to stress is generated by the ‘fight 
or flight’ response. 

X 

03 Describe the function of the autonomic nervous system (ANS) in stress 
response. 

X 

04 Explain the relationship between arousal and stress. X 

05 State the relationship between stress and performance. X 

06 State the basic categories of stressors. X 

07 List and discuss the major environmental sources of stress in the flight 
crew compartment. 

X 

08 Discuss the concept of ‘break point’ with regard to stress, overload and 
performance 

X 

09 Name the principal causes of domestic stress. X 

10 State that the stress experienced as a result of particular demands varies 
among individuals. 

X 

11 Explain the factors that lead to differences in the levels of stress 
experienced by individuals 

X 

12 List the factors that influence the tolerance of stressors. X 

13 State that stress is a result of perceived demands and perceived ability. X 

14 Explain the relationship between stress and anxiety. X 

15 Describe the effects of anxiety on human performance. X 

16 State the general effect of acute stress on people  X 

17 Describe the relationship between stress, arousal and vigilance X 

18 State the general effect of chronic stress and the biological reaction by 
means of the three stages of the general adaptation syndrome (Selye): 
alarm, resistance, and exhaustion. 

X 

19 Explain the differences between psychological, psychosomatic and X 
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somatic stress reactions. 

20 Name the typical common physiological and psychological symptoms of 
human overload. 

X 

21 Name the typical common physiological and psychological symptoms of 
human overload. 

X 

22 Explain how stress is cumulative and how stress from one situation can be 
transferred to a different situation. 

X 

23 Explain how successful completion of a stressful task will reduce the 
amount of stress experienced when a similar situation arises in the future 

X 

24 Describe the effect of human underload/overload on effectiveness in the 
flight crew compartment. 

X 

25 List sources and symptoms of human underload X 

040 03 06 03 Intentionallyleft blank  

040 03 06 04 Intentionallyleft blank  

040 03 06 05 Fatigueand stress management  

01 Explain the term ‘fatigue’ and differentiate between the two types of 
fatigue (short-term and chronic fatigue) 

X 

02 Name the causes of short-term and chronic fatigue. X 

03 Identify the symptoms and describe the effects of fatigue. X 

04 List the strategies that prevent or delay the onset of fatigue and 
hypovigilance.  

X 

05 List and describe strategies for coping with stress factors and stress 
reactions. 

X 

06 Distinguish between short-term and long-term methods of stress 
management. 

X 

07 Give examples of short-term methods of stress management. X 

08 Give examples of long-term methods of coping with stress X 

09 Describe the fatique risk management system (FRMS) as follows: a data-
driven means of continuously monitoring and managing fatigue-related 
safety risks, based upon scientific principles and knowledge as well as 
operational experience that aims to ensure relevant personnel are 
performing at adequate levels of alertness. 

X 

040 03 07 00 Advanced cockpit automation  

040 03 07 01 Advantages and disadvantages  
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01 Compare the two basic concepts of automation:  

— as per Boeing, where the pilot remains the last operator;  

— and as per Airbus, where automated systems can correct erroneous 
pilot action.. 

X 

02 Explain the fundamental restrictions of autoflight systems to be lack of 
creativity in unknown situations, and lack of personal motivation with 
regard to safety. 

X 

03 List the principal strengths and weaknesses of pilot versus autopilot 
systems to be creativity, decision-making, prioritisation of tasks, safety 
attitude versus precision, reliability 

X 

04 Explain the ‘ironies of automation’: designers’ errors due to wrong 
interpretation of the data, leaving tasks to the pilot that are too complex 
to automate, loss of manual and cognitive skills of the pilot. State the 
necessity for regular training flights as one possible countermeasure. 

X 

05 Describe methods to overcome the drawbacks of autoflight systems to be 
loss of manual flying capabilities, additional workload through 
programming, risk of slips during programming, and hypovigilance during 
cruise 

X 

040 03 07 02 Automation complacency  

01 State the main weaknesses in the monitoring of automatic systems to be 
hypovigilance during flight, and loss of flying skills. 

X 

02 - Explain some basic flight crew errors and terms that arise with 
the introduction of automation: — passive monitoring;  

-  blinkered concentration; 

- confusion;  

-  mode awareness 

X 

03 Explain how the method of call-outs counteracts ineffective monitoring of 
automatic systems. 

X 

04 Define ‘complacency’. X 

040 03 07 03 Working concepts  

02 Explain how the negative effects of automation on pilots may be 
alleviated by degrading to a lower level of automation to recover 
comprehension of the flight status from VNAV/LNAV to ALT/HDG or even 
to manual flying. 

X 

03 Interpret the role of automation with respect to flight safety regarding 
the basic principle of the use of manual versus autoflight in normal 
operations, frequent changes in the flight profile, and in abnormal 
situations. 

X 
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E. SUBJECT 050 - METEOROLOGY 

The operation of an aircraft is affected by the weather conditions within the atmosphere.The pilot must prove 
that they fulfil the following objectives in order to complete a safe flight in given meteorological conditions. 

(1) Training aims 

(i) Knowledge. After completion of the training, the pilot must be able to: 

— understand the physical processes in the atmosphere; 

— interpret the actual and forecast weather conditions in the atmosphere;  

— show understanding of the meteorological hazards and their effects on an aircraft.  

(ii) Skills. After completion of the training, the pilot must be able to: 

— collect all the weather information which may affect a given flight;  

— analyse and evaluate available weather information before flight as well as that 
collected in flight; 

— apply a solution toanyproblemspresentedby weatherconditions. 
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050 00 00 00 METEOROLOGY  

050 01 00 00 THE ATMOSPHERE  

050 01 01 00 Composition, extent, vertical division  

050 01 01 01 Structure of the atmosphere  

01 Describe the vertical division of the atmosphere up to flight level (FL) 650, 
based on the temperature variations with height.. 

X 

02 List the different layers and their main qualitative characteristics up to FL 650. X 

050 01 01 02 Troposphere  

01 Describe the troposphere. X 

02 Describe the main characteristics of the tropopause. X 

03 Describe the proportions of the most important gases in the air in the 
troposphere. 

X 

04 Describe the variations of the FL and temperature of the tropopause from the 
poles to the equator. 

X 

05 Describe the breaks in the tropopause along the boundaries of the main air 
masses. 

X 

050 01 02 00 Air temperature  

050 01 02 01 Definition and units  

01 Define ‘air temperature’. X 

02 List the units of measurement of air temperature used in aviation meteorology 
(Celsius, Fahrenheit, Kelvin) 

x 
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050 01 02 02 Vertical distribution of temperature  

01 Describe the mean vertical distribution of temperature up to FL 650 X 

02 Mention the general causes of the cooling of the air in the troposphere with 
increasing altitude. 

X 

03 Calculate the temperature and temperature deviations (in relation to 
International Standard Atmosphere (ISA)) at specified levels. 

X 

050 01 02 03   Transfer of heat  

01 Explain how local cooling or warming processes result in transfer of hea X 

02 Describe radiation X 

03 Describe solar radiation reaching the Earth X 

04 Describe the filtering effect of the atmosphere on solar radiation X 

05 Describe terrestrial radiation X 

06 Explain how terrestrial radiation is absorbed by some components of the 
atmosphere. 

X 

07 Explain the effect of absorption and radiation in connection with clouds X 

08 Explain the process of conduction X 

09 Explain the role of conduction in the cooling and warming of the atmosphere. X 

10 Explain the process of convection X 

11 Name the situations in which convection occurs X 

12 Explain the process of advection. X 

13 Name the situations in which advection occurs. X 

14 Describe the transfer of heat by turbulence. X 

15 Describe the transfer of latent heat. X 

050 01 02 04 Lapse rates  

01 Describe qualitatively and quantitatively the temperature lapse rates of the 
troposphere (mean value 0.65 °C/100 m or 2 °C/1 000 ft and actual values). 

X 

050 01 02 05 Development of inversions, types of inversions  

01 Describe the development and types of inversions. X 

02 Explain the characteristics of inversions and of an isothermal layer concerning 
stability and vertical motions.. 

X 

03 Explain the reasons for the formation of the following inversions: X 
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--ground inversion (nocturnal radiation/advection), subsidence inversion, 
frontal inversion, inversion above friction layer, valley inversion, tropopause 
inversion. 

050 01 02 06 Temperature near the Earth’s surface, insolation, surface effects, effect of 
clouds, effect of wind 

 

01 Explain the cooling/warming of the surface of the Earth by radiation.. X 

02 Explain the cooling and warming of the air on the Earth or Sea surfaces. X 

03 Describe qualitatively the influence of the clouds on the cooling and warming 
of the surface and the air near the surface. 

X 

04 Explain the influence of the wind on the cooling and warming of the air near 
the surfaces. 

X 

050 01 03 00 Atmospheric pressure  

050 01 03 01 Barometric pressure, isobars  

01 Define ‘atmospheric pressure’. X 

02 List the units of measurement of the X 

03 Describe the principle of the barometers (mercury barometer, aneroid 
barometer). 

X 

04 Define isobars and identify them on surface weather charts X 

05 Define ‘high’, ‘low’, ‘trough’, ‘ridge’, ‘col’ X 

050 01 03 02 Pressure variation with height, contours (isohypses)  

01 Explain the pressure variation with height. X 

02 Describe quantitatively the variation of the barometric lapse rate. Remark: An 
approximation of the average value for the barometric lapse rate near mean 
sea level (MSL) is 30 ft (9 m) per 1 hPa. 

X 

03 State that (under conditions of ISA) pressure is approximately 50 % of MSL at 
18 000 ft and density is approximately 50 % of MSL at 22 000 ft and 25 % of 
MSL at 40 000 ft. 

X 

050 01 03 03 Reduction of pressure to QFF (MSL)  

01 Define ‘QFF’. X 

02 Explain the reduction of measured pressure (QFE) to QFF (MSL). X 

03 Mention the use of QFF for surface weather charts. X 

050 01 03 04 Relationship between surface pressure centres and pressure centres aloftt  

01 Illustrate with a vertical cross section of isobaric surfaces the relationship X 
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between surface pressure systems and upper-air pressure systems. 

050 01 04 00 Air density  

050 01 04 01 Relationship between pressure, temperature and density  

01 Describe the relationship between pressure, temperature and density.. X 

02 Describe the vertical variation of the air density in the atmosphere.. X 

050 01 05 00 International Standard Atmosphere (ISA)  

050 01 05 01 ICAOStandardAtmosphere (ISA)  

01 Explain the use of standardised values for the atmosphere. X 

02 List the main values of the ISA MSL pressure, MSL temperature, the vertical 
temperature lapse rate up to FL 650, height and temperature of the 
tropopause. 

X 

050  01  06  00 Altimetry  

050 01 06 01 Terminology and definitions  

01 Define the following terms and explain how they are related to each other: 
height, altitude, pressure altitude, FL, pressure level, true altitude, true height, 
elevation, QNH, QFE, and standard altimeter setting. 

X 

02 Describe the terms ‘transition altitude’, ‘transition level’, ‘transition 
layer’,‘terrain clearance’,‘lowest usable flight level’. 

X 

050 01 06 02 Altimeter settings  

01 Name the altimeter settings associated to height, altitude, pressure altitude 
and FL.. 

X 

02 Describe the altimeter-setting procedures. X 

050 01 06 03 Calculations  

01 Calculate the different readings on the altimeter when the pilot uses different 
settings (QNH, 1013.25, QFE). 

X 

02 Illustrate with a numbered example the changes of altimeter setting and the 
associated changes in reading when the pilot climbs through the transition 
altitude or descends through the transition level. 

X 

03 Derive the reading of the altimeter of an aircraft on the ground when the pilot 
uses the different settings. 

X 

04 Explain the influence of the air temperature on the distance between the 
ground and the level read on the altimeter and between two flight levels. 
Explain the influence of the air temperature on the distance between the 
ground and the level read on the altimeter and between two FLs 

X 
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05 Explain the influence of pressure areas on true altitude. X 

06 Determine the true altitude/height for a given altitude/height and a given ISA 
temperature deviation. 

X 

07 Calculate the terrain clearance and the lowest usable FL for given atmospheric 
temperature and pressure conditions. 

X 

08 State that the 4 %-rule can be used to calculate true altitude from 
indicated altitude, and also indicated altitude from true altitude (not 
precise but sufficient due to the approximation of the 4%- rule.) 

Remark: The following rules should be considered for altimetry 
calculations: a) All calculations are based on rounded pressure values 
to the nearest lower hPa. 

 b) The value for the barometric lapse rate between MSL and 700 hPa 
to be used is 30 ft/hPa as an acceptable approximation of the 
barometric lapse rate.  

c) To determine the true altitude/height, the following rule of thumb, 
called the ‘4 %-rule’, shall be used: the altitude/height changes by 4 % 
for each 10 °C temperature deviation from ISA.  

d) If no further information is given, the deviation of the outside-air 
temperature from ISA is considered to be constantly the same given 
value in the whole layer.  

e) The elevation of the aerodrome has to be taken into account. The 
temperature correction has to be considered for the layer between the 
ground and the position of the aircraft. 

X 

050 01 06 04 Effect of accelerated airflow due to topography  

01 Describe qualitatively how the effect of accelerated airflow due to topography 
(the Bernoulli effect) affects altimetry. 

X 

050 02 00 00 WIND  

050 02 01 00 Definitionand measurement ofwind  

050 02 01 01 Definitionandmeasurement  

01 Define ‘wind’ and ‘surface wind’ X 

02 State the units of wind directions (degrees true in reports; degrees magnetic 
from tower) and speed (kt, m/s). 

X 

03 Describe that the reported wind is an average wind derived from 
measurements with an anemometer at a height of 10 m over 2 min for local 
routine and special reports and ATS units, and over 10 min for aerodrome 
routine meteorological reports (METARs) and aerodrome special 
meteorological reports (SPECIs). 

X 

050 02 02 00 Primary cause of wind  

050 02 02 01 Primary cause of wind,pressure gradient,Coriolis force,gradient wind  
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01 Define the term ‘horizontal pressure gradient’.. X 

02 Explain how the pressure gradient force acts in relation to the pressure 
gradient 

X 

03 Explain how the Coriolis force acts in relation to the wind X 

04 Explain the development of the geostrophic wind X 

05 Indicate how the geostrophic wind flows in relation to the isobars/isohypses in 
the northern and in the southern hemisphere. 

X 

07 Explain the gradient wind effect and indicate how the gradient wind differs 
from the geostrophic wind in cyclonic and anticyclonic circulation 

X 

050 02 02 02 Variation of wind in the friction layer  

01 Describe why and how the wind changes direction and speed with height in 
the friction layer in the northern and in the southern hemisphere (rule of 
thumb). 

X 

02 State the surface and air-mass conditions that influence the wind in the friction 
layer (diurnal variation). 

X 

03 Name terrain, wind speed and stability as the main factors that influence the 
vertical extent of the friction layer. 

X 

04 Explain the relationship between isobars and wind (direction and speed). X 

 Note:Approximatevalueforvariationofwindinthefrictionlayer(values tobe used 
in examinations): 

 

 Type of 
landscape 

Wind speed in 
friction layer in 
% of the 
geostrophic 
wind 

The wind in the friction layer blows across 
the isobars towards the low pressure. Angle 
between wind direction and isobars. 

 

 over water ca 70 % ca 10°  

 over land ca 50 % ca 30°  

 WMO-NO.266  

050 02 02 03 Effects of convergence and divergence  

01 Describe atmospheric convergence and divergence. X 

02 Explain the relationship between convergence and divergence on the 
following: pressure systems at the surface and aloft; wind speed; vertical 
motion and cloud formation (relationship between upper-air conditions and 
surface pressure systems).). 

X 

050 02 03 00 General global circulation  
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050 02 03 01 General circulation around theglobe  

01 Describe the general global circulation. (Refer to Subject 050 08 01 01) X 

050 02 03 00 Generalglobalcirculation  

050 02 03 01 General circulation around theglobe  

01 Describe and explain the general global circulation. 

(Refer to 050 08 01 01) 

X 

050 02 04 00 Local winds  

050 02 04 01 Anabatic and katabatic winds, mountain and valley winds,Venturi effects, 
land and sea breezes 

 

01 Describe and explain anabatic and katabatic winds. X 

02 Describe and explain mountain and valley winds. X 

03 Describe and explain the Venturi effect, convergence in valleys and mountain 
areas. 

X 

04 Describe and explain land and sea breezes, sea-breeze front. X 

05 Describe that local, low-level jet streams can develop in the evening. X 

050 02 05 00 Mountain waves (standing waves, lee waves)  

050 02 05 01 Origin and characteristics  

01 Explain the origin and formation of mountain waves. X 

02 State the conditions necessary for the formation of mountain waves X 

03 Describe the structure and properties of mountain waves. X 

04 Explain how mountain waves may be identified by their associated 
meteorological phenomena. 

X  

05 Describe that mountain wave effects can exceed the performance or structural 
capability of aircraft. 

X 

06 Describe that mountain wave effects can propagate from low to high level, e.g. 
over Greenland and elsewhere 

X 

050 02 06 00 Turbulence  

050 02 06 01 Descriptionandtypesof turbulence  

01 Describe turbulence and gustiness. X 

02 List the common types of turbulence (convective, mechanical, orographic, 
frontal, clear-air turbulence). 

X 

050 02 06 02 Formation and location ofturbulence  
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01 Explain the formation of convective turbulence,mechanical and orographic 
turbulence, frontal turbulence, clear-airturbulence. 

(Refer to 050 02 06 03) 

X 

02 State where turbulence will normally be found (rough-ground surfaces, relief, 
inversion layers, cumulonimbus (CB), thunderstorm (TS) zones, unstable 
layers). 

X 

050 02 06 03 Clear-Air Turbulence (CAT):Description,causeandlocation  

01 Describe the term CAT. X 

02 Describe the formation of CAT. X 

04 State that remote sensing of CAT from satellites is not possible and that 
forecasting is limited. 

X 

05 State that pilot reports of turbulence are a very valuable source of information 
as remote measurements are not available. 

X 

050 02 07 00 Jetstreams  

050 02 07 01 Description X 

01 Describe jet streams. X 

02 State the defined minimum speed of a jet stream (60 kt). X 

03 State the typical figures for the dimensions of jet streams. X 

050 02 07 02 Formation and properties of jetstreams  

01 Explaintheformationandstatetheheights,thespeeds,theseasonalvariationsofs
peeds,thegeographicalpositions,theseasonaloccurrenceandtheseasonalmove
mentsofthearctic(front)jetstream,thepolarfrontjetstream,thesubtropicaljetstr
eam,andthetropical(easterly/equatorial)jetstream. 

 

050 03 00 00 THERMODYNAMICS  

050 03 01 00 Humidity  

050 03 01 01 Water vapour in the atmosphere  

01 State that the density of moist air is less than the density of dry air. X 

02 Describe the significance for meteorology of water vapour in the atmosphere X 

03 Indicate the sources of atmospheric humidity X 

04 Define ‘saturation of air by water vapour’ X 

050 03 01 02 Intentionally left blank  

050 03 01 03 Temperature/dew point, relative humidity  
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01 Define ‘dew point’. X 

02 Define ‘relative humidity’ X 

03 Explain the factors that influence the relative humidity at constant pressure..  

04 Explain the diurnal variation of the relative humidity. X 

05 Describe the relationship between temperature and dew point. X 

06 Estimate the relative humidity of the air from the difference between dew 
point and temperature. 

X 

050 03 01 03 Temperature/dewpoint,relative humidity  

01 Define ‘dew point’. X 

02 Define ‘relative humidity’ X 

03 Explain the factors that influence the relative humidity at constant pressure. X 

04 Explain the diurnal variation of the relative humidity X 

05 Describe the relationship between temperature and dew point X 

06 Estimate the relative humidity of the air from the difference between dew 
point and temperature. 

X 

050 03 02 00 Change of state of water  

050 03 02 01 Condensation, evaporation, sublimation, freezing and melting, latent heat  

01 Define ‘condensation’, ‘evaporation’, ‘sublimation’, ‘freezing and melting’ and 
‘latent heat’. 

X 

02 List the conditions for condensation/ evaporation. X 

03 Explain the condensation process. X 

04 Explain the nature of and the need for condensation nuclei. X 

05 Explain the effects of condensation on the weather. X 

06 List the conditions for freezing/melting. X 

07 Explain the process of freezing. X 

08 Explain the nature of and the need for freezing nuclei. X 

09 Define ‘supercooled water’. (Refer to Subject 050 09 01 01) X 

10 List the conditions for sublimation. X 

11 Explain the sublimation process. X 

12 Explain the nature of and the need for sublimation nuclei. X 
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13 Describe the absorption or release of latent heat in each change of state of 
water 

X 

14 Illustrate all the changes of state of water with practical examples. X 

050 03 03 00 Adiabatic processes  

050 03 03 01 Adiabatic processes, stabilityof the atmosphere  

01 Describe the adiabatic process in an unsaturated rising or descending air 
particle 

X 

02 Explain the variation of temperature of an unsaturated rising or descending air 
particle.. 

X 

03 Explain the variation of humidity of an unsaturated rising or descending air 
particle. 

X 

04 Describe the adiabatic process in a saturated rising or descending air particle X 

05 Explain the variation of temperature of a saturated air particle with changing 
altitude 

X 

06 Explain the static stability of the atmosphere using the actual temperature 
curve with reference to the adiabatic lapse rates 

X 

07 Define qualitatively and quantitatively the terms ‘stable’, ‘conditionally 
unstable’, ‘unstable’ and ‘indifferent’ 

X 

08 Illustrate with a schematic sketch the formation of Foehn X 

09 Explain the effect of the advection of air (warm or cold) on the stability of the 
air.  Remark: Dry adiabatic lapse rate = 1 °C/100 m or 3 °C/1 000 ft; average 
value at lower levels for saturated adiabatic lapse rate = 0.6 °C/100 m or 1.8 
°C/1 000 ft (values to be used in examinations). 

X 

050 04 00 00 CLOUDS AND FOG  

050 04 01 00 Cloud formation and description  

050 04 01 01 Cloud formation  

01 

 

Explain cloud formation by adiabatic cooling, conduction, advection and 
radiation.. 

X 

02 Describe cloud formation based on the following lifting processes: unorganised 
lifting in thin layers and turbulent mixing; forced lifting at fronts or over 
mountains; free convection.  

X 

03 List cloud types typical for stable and unstable air conditions X 

04 Summarise the conditions for the dissipation of clouds. X 

050 04 01 02 Cloud types and cloud classification  
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01 Describe the different cloud types and their classification. X 

02 Identify by shape cirriform, cumuliform and stratiform clouds. X 

03 Identify by shape and typical level the 10 cloud types (general) X 

04 Describe and identify by shape the following species and supplementary 
features: castellanus, lenticularis, congestus, calvus, capillatus and virga. 

X 

05 Distinguish between low-, medium- and high-level clouds according to the 
World Meteorological Organization’s (WMO) ‘cloud etage’. 

X 

 – formid latitudes.  

06 Distinguish between ice clouds, mixed clouds and pure-water clouds. X 

050 04 01 03 Influence of inversions on cloud development  

01 Explain the influence of inversions on vertical movements in the atmosphere.. X 

02 Explain the influence of an inversion on the formation of stratus clouds X 

03 Explain the influence of ground inversion on the formation of fog. X 

050 04 01 04 Flying conditions in each cloud type  

01 Assess the 10 cloud types for icing and turbulence X 

050 04 02 00 Fog, mist, haze  

050 04 02 01 General aspects  

01 Define ‘fog’, ‘mist’ and ‘haze’ with reference to the WMO standards of visibility 
range.. 

X 

02 Explain briefly the formation of fog, mist and haze X 

03 Name the factors that generally contribute to the formation of fog and mis X 

04 Name the factors that contribute to the formation of haze. X 

05 Describe freezing fog and ice fog X 

050 04 02 02 Radiation fog  

01 Explain the formation of radiation fog.. X 

02 Describe the significant characteristics of radiation fog, and its vertical extent. X 

03 Summarise the conditions for the dissipation of radiation fog. X 

050 04 02 03 Advection fog  

01 Explain the formation of advection fog X 

02 Describe the different possibilities of advection-fog formation (over land, sea 
and coastal regions). 

X 
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03 Describe the significant characteristics of advection fog. X 

04 Describe the significant characteristics of advection fog. X 

05 Summarise the conditions for the dissipation of advection fog X 

050 04 02 04 Sea smoke  

01 Explain the formation of sea smoke.. X 

02 Explain the conditions for the development of sea smoke.. X 

03 Summarise the conditions for the dissipation of sea smoke. X 

050 04 02 05 Frontal fog  

01 Explain the formation of frontal fog.. X 

02 Describe the significant characteristics of frontal fog. X 

03 Summarise the conditions for the dissipation of frontal fog. X 

050 04 02 06 Orographic fog (hill fog)  

01 Summarise the features of orographic fog.. X 

02 Describe the significant characteristics of orographic fog. X 

03 Summarise the conditions for the dissipation of orographic fog. X 

050 05 00 00 PRECIPITATION  

050 05 01 00 Development of precipitation  

050 05 01 01 Process of development of precipitation  

01 Describe the two basic processes of forming precipitation (The Wegener–
Bergeron–Findeisen process, Coalescence). 

X 

02 Summarise the outlines of the ice-crystal process (The Wegener– Bergeron–
Findeisen process). 

X 

03 Summarise the outlines of the coalescence process. X 

04 Explain the development of snow, rain, drizzle and hail. X 

050 05 02 00 Types of precipitation  

050 05 02 01 Types of precipitation, relationship with cloud types  

01 List and describe the types of precipitation given in the aerodrome forecast 
(TAF) and METAR codes (drizzle, rain, snow, snow grains, ice pellets, hail, small 
hail, snow pellets, ice crystals, freezing drizzle, freezing rain). 

X 

02 State the ICAO/WMO approximate diameters for cloud, drizzle and rain drops. X 

03 State that, because of their size, hail stones can cause significant damage to X 
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aircraft 

04 Explain the mechanism for the formation of freezing precipitation X 

05 Describe the weather conditions that give rise to freezing precipitation.  

06 Distinguish between the types of precipitation generated in convective and 
stratiform clouds 

X 

07 Assign typical precipitation types and intensities to different cloud types X 

08 Explain the relationship between moisture content and visibility during 
different types of winter precipitation (e.g. large vs small snowflakes). 

X 

050 06 00 00 AIRMASSES AND FRONTS  

050 06 01 00 Airmasses  

050 06 01 01 Description, classification andsourceregions of airmasses  

01 Define the term ‘air mass’ X 

02 Describe the properties of the source regions. X 

03 Summarise the classification of air masses by source regions. X 

04 State the classifications of air masses by temperature and humidity at source. X 

05 State the characteristic weather in each of the air masses. X 

06 Name the three main air masses that affect Europe. X 

07 Classify air masses on a surface weather chart. X 

 Note: Names and abbreviations of air masses used in examinations: 

– first letter: humidity 

– continental (c); 

– maritime (m); 

– second letter: type of air mass 

– Artic (A); 

– Polar (P); 

– Tropical (T); 

– Equatorial (E); 

– third letter: temperature 

– cold (c); 

– warm (w) 

X 

050 06 01 02 Modificationsof airmasses  

01 List the environmental factors that affect the final properties of an air mass. X 
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02 Explain how maritime and continental tracks modify air masses X 

03 Explain the effect of passage over cold or warm surfaces X 

04 Explain how air-mass weather is affected by the season, the airmass track and 
by orographic and thermal effects over land 

X 

05 Assess the tendencies of the stability of an air mass and describe the typical 
resulting air-mass weather including the hazards for aviation 

X 

050 06 02 00 Fronts  

050 06 02 01 General aspects  

01 Describe the boundaries between air masses (fronts). X 

02 Define ‘front and frontal surface (frontal zone)’. X 

03 Name the global frontal systems (polar front, arctic front). X 

04 State the approximate seasonal latitudes and geographic positions of the polar 
front and the arctic front. 

X 

050 06 02 02 Warm front,associated clouds and weather  

01 Define a ‘warm front’. X 

02 Describe the cloud, weather, ground visibility and aviation hazards at a warm 
front depending on the stability of the warm air. 

X 

03 Explain the seasonal differences in the weather at warm fronts. X 

04 Describe the structure, slope and dimensions of a warm front. X 

05 Sketch a cross section of a warm front showing weather, cloud and aviation 
hazards. 

X 

050 06 02 03 Cold front, associated clouds and weather  

01 Define a ‘cold front’. X 

02 Describe the cloud, weather, ground visibility and aviation hazards at a cold 
front depending on the stability of the warm air. 

X 

03 Explain the seasonal differences in the weather at cold fronts. X 

04 Describe the structure, slope and dimensions of a cold front. X 

05 Sketch a cross section of a cold front showing weather, cloud and aviation 
hazards. 

X 

050 06 02 04 Warm sector,associated clouds and weather  

01 Define ‘fronts and air masses associated with the warm sector’. X 

02 Describe the cloud, weather, ground visibility and aviation hazards in a warm X 
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sector. 

03 Explain the seasonal differences in the weather in the warm sector. X 

04 Sketch a cross section of a warm sector showing weather, cloud and aviation 
hazards. 

X 

050 06 02 05 Weatherbehindthe cold front  

01 Describe the cloud, weather, ground visibility and aviation hazards behind the 
cold front. 

X 

02 Explain the seasonal differences in the weather behind the cold front. X 

050 06 02 06 Occlusions,associatedcloudsandweather  

01 Define the term ‘occlusion’ and ‘occluded front’ X 

02 Describe the cloud, weather, ground visibility and aviation hazards in a cold 
occlusion. 

X 

03 Describe the cloud, weather, ground visibility and aviation hazards in a warm 
occlusion. 

X 

04 Explain the seasonal differences in the weather at occlusions X 

05 Sketch a cross section of occlusions showing weather, cloud and aviation 
hazards. 

X 

06 On a sketch illustrate the development of an occlusion and the movement of 
the occlusion point. 

X 

050 06 02 07 Stationary front, associated clouds and weather  

01 Define a ‘stationary front’. X 

02 Describe the cloud, weather, ground visibility and aviation hazards in a 
stationary front. 

X 

050 06 02 08 Movement of fronts and pressure systems,life cycle  

01 Describe the movements of fronts and pressure systems and the life cycle of a 
mid-latitude depression. 

X 

02 State the rules for predicting the direction and the speed of movement of 
fronts. 

X 

03 State the difference in the speed of movement between cold and warm fronts. X 

04 State the rules for predicting the direction and the speed of movement of 
frontal depressions 

X 

05 Describe, with a sketch if required, the genesis, development and life cycle of a 
frontal depression with associated cloud and rain belts. 

X 



  
 E.  SUBJECT 050 – METEOROLOGY 

Page 88 of 145 

 

Syllabus 
reference 

Syllabus details and associated 

LearningObjectives 

Instrument 
Rating (IR) 

050 06 02 09 Changes of meteorological elements at a frontal wave  

01 Sketch a plan and a cross section of a frontal wave (warm front, warm sector, 
and cold front) and illustrate the changes of pressure, temperature, surface 
wind and wind in the vertical axis. 

X 

050 07 00 00 PRESSURE SYSTEMS  

050 07 02 00 Anticyclone  

050 07 02 01 Anticyclones,types,generalproperties,coldandwarmanticyclones,ridgesan
dwedges,subsidence 

 

01 List the different types of anticyclones. X 

02 Describe the effect of high-level convergence in producing areas of high 
pressure at ground level. 

X 

03 Describe air-mass subsidence, its effect on the environmental lapse rate, and 
the associated weather. 

X 

04 Describe the formation of warm and cold anticyclones X 

05 Describe the formation of ridges. X 

06 Describe the properties of and the weather associated with warm and cold 
anticyclones 

X 

07 Describe the properties of and the weather associated with ridges X 

08 Describe the blocking anticyclone and its effects X 

050 07 03 00 Non-frontaldepressions  

050 07 03 01 Thermal, orographic, polar and secondary depressions; troughs  

01 Describe the effect of high-level divergence in producing areas of low pressure 
at ground level.. 

X 

02 Describe the formation and properties of thermal, orographic (lee lows), polar 
and secondary depressions. 

X 

03 Describe the formation, the properties and the associated weather at troughs. X 

050 08 00 00 CLIMATOLOGY  

050 08 01 00 Climaticzones  

050 08 03 00 Typicalweathersituationsinthemid-latitudes  

050 08 03 01 Westerly situation (westerlies)  

01 Identify on a weather chart the typical westerly situation with travelling polar 
front waves 

X 
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050 08 03 02 High-pressure area  

01 Describe the high-pressure zones with the associated weather. X 

02 Identify on a weather chart the high-pressure regions. X 

050 08 03 03 Intentionally left blank  

050 08 03 04 Cold-air drop  

01 Define ‘cold-air drop’ X 

02 Describe the formation of a cold-air drop X 

03 Identify cold-air drops on weather charts X 

04 Explain the problems and dangers of cold-air drops for aviation. X 

050 08 03 04 Cold-airpool(cold-airdrop)  

050 08 04 00 Local winds and associated weather  

050 08 04 01 Foehn, Mistral, Bora  

01 Describe the mechanism for the development of Foehn winds (including 
Chinook).. 

X 

02 Describe the weather associated with Foehn winds. X 

03 Describe the formation of, the characteristics of, and the weather associated 
with Mistral and Bora. 

X 

050 09 00 00 FLIGHT HAZARDS  

050 09 01 00 Icing  

050 09 01 01 Conditionsfor ice accretion  

01 Summarise the general conditions under which ice accretion occurs on aircraft 
(temperatures of outside air; temperature of the airframe; presence of 
supercooled water in clouds, fog, rain and drizzle; possibility of sublimation). 

X 

02 Explain the general weather conditions under which ice accretion occurs in a 
venturi carburettor.. 

X 

03 Explain the general weather conditions under which ice accretion occurs on 
airframe. 

X 

04 Explain the formation of supercooled water in clouds, rain and drizzle. (Refer 
to Subject 050 03 02 01) 

X 

05 Explain qualitatively the relationship between the air temperature and the 
amount of supercooled water 

X 

06 Explain qualitatively the relationship between the type of cloud and the size 
and number of the droplets in cumuliform and stratiform clouds 

X 
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07 Indicate in which circumstances ice can form on an aircraft on the ground: air 
temperature, humidity, precipitation. 

X 

08 Explain in which circumstances ice can form on an aircraft in flight: inside 
clouds, in precipitation, and outside clouds and precipitation. 

X 

10 Describe the different factors that influence the intensity of icing: air 
temperature, amount of supercooled water in a cloud or in precipitation, 
amount of ice crystals in the air, speed of the aircraft, shape (thickness) of the 
airframe parts (wings, antennas, etc.). 

X 

11 Explain the effects of topography on icing. X 

12 Explain the higher concentration of water drops in stratiform orographic 
clouds. 

X 

050 09 01 02 Types of ice accretion  

01 Define‘clear ice’. X 

02 Describe the conditions for theformationof clearice. X 

03 Explain the formation of the structure of clear ice with the release of latent 
heat during the freezing process. 

X 

04 Describe the aspect of clear ice: appearance, weight, solidity. X 

05 Define ‘rime ice’. X 

06 Describe the conditions for the formation of rime ice. X 

07 Describe the aspects of rime ice: appearance, weight, solidity. X 

08 Define ‘mixed ice’. X 

09 Describe the conditions for the formation of mixed ice. X 

10 Describe the aspects of mixed ice: appearance, weight, solidity. X 

11 Describe the possible process of ice formation in snow conditions. X 

12 Define ‘hoar frost’. X 

13 Describe the conditions for the formation of hoar frost. X 

14 Describe the aspects of hoar frost: appearance, solidity. X 

050 09 01 03 Hazards of ice accretion,avoidance  

01 State the ICAO qualifying terms for the intensity of icing. Source: ICAO Doc 
4444 ‘Procedures for Air Navigation Services — Air Traffic Management’ 

X 

02 Describe, in general, the hazards of icing. X 

03 Assess the dangers of the different types of ice accretion X 
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04 Describe the position of the dangerous zones of icing in fronts, in stratiform 
and cumuliform clouds, and in the different precipitation types. 

X 

05 – Indicate the possibilities of avoiding dangerous zones of icing:  

–  in the flight planning: weather briefing, selection of track and 
altitude;  

–  during flight: recognition of the dangerous zones, selection of 
appropriate track and altitude. 

X 

050 09 02 00 Turbulence  

050 09 02 01 Effectson flight,avoidance  

01 State the ICAO qualifying terms for the intensity of turbulence. Source: ICAO 
Doc 4444 ‘Procedures for Air Navigation Services — Air Traffic Management’ 

X 

02 Describe the effects of turbulence on an aircraft in flight X 

03 – Indicate the possibilities of avoiding turbulence:  

–  in the flight planning: weather briefing, selection of track and 
altitude;  

–  during flight: selection of appropriate track and altitude. 

 

X 

04 Describe atmospheric turbulence and distinguish between 
turbulence, gustiness and wind shear. 

X 

05 Describe that forecasts of turbulence are not very reliable and state 
that pilot reports of turbulence are very valuable as they help others 
to prepare for or avoid turbulence 

X 

050 09 03 00 Wind shear  

050 09 03 01 Definition of wind shear  

01 Define ‘wind shear’ (vertical and horizontal). X 

02 Define‘low-level wind shear’. X 

050 09 03 02 Weather conditions for wind shear  

01 Describe the conditions, where and how wind shear can form (e.g. 
thunderstorms, squall lines, fronts, inversions, land and sea breeze, friction 
layer, relief). 

X 

050 09 03 03 Effects on flight, avoidance  

01 . Describe the effects of wind shear on flight. X 

02 – Indicate the possibilities of avoiding wind shear in flight: 

–  in the flight planning;  during  flight. 

X 
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050 09 04 00 Thunderstorms  

050 09 04 01 Conditions for and process of development, forecast,location,type 
specification 

 

01 Name the cloud types which indicate the development of thunderstorms.. X 

02 Describe the different types of thunderstorms, their location, the conditions 
for and the process of development, and list their properties (air-mass 
thunderstorms, frontal thunderstorms, squall lines, supercell storms, 
orographic thunderstorms)). 

X 

050 09 04 02 Structure of thunderstorms, lifehistory  

01 Assess the average duration of thunderstorms and their different stages.stage. X 

02 Describe a supercell storm: initial, supercell, tornado and dissipating stage X 

03 Summarise the flight hazards associated with a fully developed thunderstorm.. X 

04 Indicate on a sketch the most dangerous zones in and around a single-cell and 
a multi-cell thunderstorm. 

X 

050 09 04 03 Electrical discharges  

01 Describe the basic outline of the electric field in the atmosphere. X 

02 Describe types of lightning, i.e. ground stroke, intra-cloud lightning, cloud-to-
cloud lightning, upward lightning. 

X 

03 Describe and assess the ‘St. Elmo’s fire’ weather phenomenon. X 

04 Describe the development of lightning discharges X 

05 Describe the effect of lightning strike on aircraft and flight execution X 

050 09 04 04 Development and effects of downbursts  

01 Definethe term‘downburst’. X 

02 Distinguish between macroburst and microburst. X 

03 State the weather situations leading to the formation of downbursts. X 

04 Describe the process of development of a downburst. X 

05 Give the typical duration of a downburst. X 

06 Describe the effects of downbursts. X 
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050 09 04 05 Thunderstorm avoidance  

01 Explain how the pilot can anticipate each type of thunderstorm: through pre-
flight weather briefing, observation in flight, use of specific meteorological 
information, use of information given by ground weather radar and by 
airborne weather radar. (Refer to Subject 050 10 01 04), use of a lightning 
detector (stormscope). (Refer to Subject 050 10 01 04), use of the stormscope 
(lightning detector).). 

X 

02 Describe practical examples of flight techniques used to avoid the hazards of 
thunderstorms. 

X 

050 09 05 00 Tornadoes  

050 09 05 01 Propertiesandoccurrence  

01 Define the ‘tornado’. X 

050 09 06 00 Inversions  

050 09 06 01 Influence on aircraft performance  

01 Compare the flight hazards during take-off and approach associated with a 
strong inversion alone and with a strong inversion combined with marked 
wind shear.. 

X 

050 09 08 00 Hazards in mountainous areas  

050 09 08 01 influence of terrain on clouds and precipitation, frontal passage  

01 Describe the influence of mountainous area on a frontal passage  

050 09 08 02 Verticalmovements,mountainwaves,windshear,turbulence,iceaccretion  

01 Describe the vertical movements, wind shear and turbulence that are typical of 
mountain areas. 

X 

02 Indicate on a sketch of a chain of mountains the turbulent zones (mountain 
waves, rotors). 

X 

03 Explain the influence of relief on ice accretion. X 

050 09 08 03 Development andeffect of valleyinversions  

01 Describe the formation of a valley inversion due to katabatic winds. X 

02 Describe the valley inversion formed by warm winds aloft. X 

03 Describe the effects of a valleyinversionforan aircraftin flight. X 

050 09 09 00 Visibility-reducing phenomena  

050 09 09 01 Reduction of visibility caused by precipitation and obscurations  

01 Describe the reduction of visibility caused by precipitation: drizzle, rain, snow.. X 

02 – Describe the reduction of visibility caused by obscurations:  

–  fog, mist, haze, smoke, volcanic ash.. 

X 
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04 Describe the differences between ground and flight visibility, and 
slant and vertical visibility when an aircraft is above or within a layer 
of haze or fog. 

X 

050 09 09 02 Reduction of visibility caused by other phenomena  

01 – Describe the reduction of visibility caused by low drifting and 
blowing snow. 

X 

04 – Describe the reduction of visibility caused by icing (windshield).  X 

05 – Describe the reduction of visibility caused by the position of the sun 
relative to the visual direction 

X 

06 – Describe the reduction of visibility caused by the reflection of the 
sun’s rays from the top of the layers of haze, fog and clouds  

X 

050 10 00 00 METEOROLOGICAL INFORMATION  

050 10 01 00 Observation  

050 10 01 01 Surface observations  

01 Define ‘gusts’, as given in METARs.. X 

02 Distinguish wind given in METARs and wind given by the control tower for 
take-off and landing. 

X 

03 Define ‘visibility’. X 

04 Describe the meteorological measurement of visibility. X 

05 Define ‘prevailing visibility’ X 

06 Define ‘ground visibility’. X 

07 List the units used for visibility (m, km, statute mile) X 

08 Define ‘runway visual range’. X 

09 Describe the meteorological measurement of runway visual range X 

10 Indicate where the transmissometers/forward-scatter meters are placed on 
the aerodrome 

X 

11 List the units used for runway visual range (m, ft). X 

12 List the different possibilities to transmit information to pilots about runway 
visual range 

X 

13 Compare ground visibility, prevailing visibility, and runway visual range. X 

14 Indicate the means of observation of present weather. X 

15 Indicate the means of observing clouds for the purpose of recording: type, 
amount, height of base (ceilometers), and top. 

X 

16 State the clouds which are indicated in METAR, TAF and SIGMET. X 
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17 Define ‘oktas’. X 

18 Define ‘cloud base’. X 

19 Define ‘ceiling’. X 

20 Name the unit and the reference level used for information about cloud base 
(ft). 

X 

21 Define ‘vertical visibility’. X 

22 Explain briefly how and when vertical visibility is measured. X 

23 Name the units used for vertical visibility (ft, m). X 

24 Indicate the means of observation of air temperature (thermometer). X 

25 Name the units of relative humidity (%) and dew-point temperature (Celsius, 
Fahrenheit). 

X 

050 10 01 02 Radio sonde observations X 

01 Describetheprinciple of radiosondes. X 

02 Describe and interpret the sounding by radiosonde given on a simplified 
temperature–pressure (T–P) diagram. 

 

050 10 01 03 Satelliteobservations  

01 Describe the basic outlines of satellite observations X 

02 Name the main uses of satellite pictures in aviation meteorology X 

03 Describe the different types of satellite imagery X 

04 Interpret qualitatively the satellite pictures in order to get useful information for 
flights:location of clouds (distinguish between stratiform and cumuliform 
clouds). 

X 

05 Interpret qualitatively the satellite pictures in order to get useful 
information for flights: — location of fronts. 

X 

050 10 01 04 Weather-radarobservations 

(Referto050090405) 

 

01 Describe the basic principle and the type of information given by a ground 
weather radar. 

X 

02 Interpret ground weather radar images. X 

03 Describe the basic principle and the type of information given by airborne 
weather radar. 

X 

04 Describe the limits and the errors of airborne weather radar information. X 

05 Interpret typical airborne weather radar images. X 

050 10 01 05 Aircraft observations and reporting  
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01 Describe routine air-report and special air-report (ARS) X 

02 State the obligation of a pilot toprepareair reports. X 

03 Name the weather phenomena to be stated in an ARS. X 

050 10 02 00 Weather charts  

050 10 02 01 Significant weather charts  

01 Decode and interpret significant weather charts (low, medium and high level). X 

02 Describe from a significant weather chart the flight conditions at designated 
locations or along a defined flight route at a given FL 

X 

050 10 02 02 Surface charts  

01 Recognise the following weather systems on a surface weather chart (analysed 
and forecast): ridges, cols and troughs; fronts; frontal side, warm sector and 
rear side of mid-latitude frontal lows; high- and low-pressure areas.. 

X 

02 Determine from surface weather charts the wind direction and speed X 

050 10 03 00 Information for flight planning  

050 10 03 01 Aviation weather messages  

01 Describe, decode and interpret the following aviation weather messages (given 
in written or graphical format): METAR, aerodrome special meteorological 
report (SPECI), trend forecast (TREND), TAF, information concerning en-route 
weather phenomena which may affect the safety of aircraft operations 
(SIGMET), information concerning en-route weather phenomena which may 
affect the safety of low-level aircraft operations (AIRMET), area forecast for 
low-level flights (GAMET), ARS, volcanic ash advisory information. 

X 

03 Describe the general meaning of MET REPORT and SPECIAL REPORT. X 

04 List, in general, the cases when a SIGMET and an AIRMET are issued. X 

05 Describe, decode (by using a code table) and interpret the following messages: 
runway state message (as written in a METAR). X X X X X X X Remark: For 
runway state message, refer to ICAO Doc 7754  

X 

050 10 03 02 Meteorological broadcasts for aviation  

 

01 

Describe the meteorological content of broadcasts for aviation:  

— meteorological information for aircraft in flight (VOLMET);  

— automatic terminal information service (ATIS). 

X 

050 10 03 03 Use of meteorological documents  

01 Describe meteorological briefing and advice.. X 

02 List the information that a flight crew can receive from meteorological services 
for pre-flight planning and apply the content of this information on a 
designated flight route. 

X 
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03 List the meteorological information that a flight crew can receive from flight 
information services during flight and apply the content of this information for 
the continuation of the flight. 

X 

050 10 03 04 Meteorological warnings  

01 Describe and interpret aerodrome warnings and wind-shear warnings and 
alerts. 

X 

050 10 04 00 Meteorological services  

050 10 04 01 World area forecast system and meteorological offices  

01 – Name the world area forecast centres (WAFCs) as the provider for 
upper-air forecasts: WAFCs prepare upper-air gridded forecasts of 
upper winds; upper-air temperature and humidity; direction, speed 
and flight level of maximum wind; flight level and temperature of 
tropopause, areas of cumulonimbus clouds, icing 

clear-air and in-cloud turbulence, and geopotential altitude of flight 
levels. 

X 

02 – Name the meteorological (MET) offices as the provider for 
aerodrome forecasts and briefing documents 

X 

03 – Name the meteorological watch offices (MWOs) as the provider for 
SIGMET and AIRMET information. 

X 

04 – Name the aeronautical meteorological stations as the provider for 
METAR and MET reports. 

X 

05 – Name the volcanic ash advisory centres (VAACs) as the provider for 
forecasts of volcanic ash clouds 

X 

050 10 04 02 International organisations  

01 – Describe briefly the following organisations and their chief activities 
in relation to weather for aviation:  

–  International Civil Aviation Organization (ICAO) (Refer to Subject 010 
‘Air Law’);  

–  World Meteorological Organization (WMO). 

X 

 



F. SUBJECT 062 RADIO NAVIGATION 

S 

  

Page 98 of 145 

 

F. SUBJECT 062 - RADIO NAVIGATION 

Syllabus 
reference 

Syllabus details and associated LearningObjectives Instrument 
Rating (IR) 

060 00 00 00 NAVIGATION  

062 00 00 00 RADIO NAVIGATION  

062 01 00 00 BASIC RADIO PROPAGATION THEORY  

062 01 01 00 Basic principles  

062 01 01 01 Electromagnetic waves  

01 State that radio waves travel at the speed of light, being approximately 300 
000 km/s. 

X 

02 Define a ‘cycle’: a complete series of values of a periodical process X 

062 01 01 02 Frequency, wavelength, amplitude, phase angle  

01 Define ‘frequency’: the number of cycles occurring in 1 second expressed in 
Hertz (Hz). 

X 

02 Define ‘wavelength’. The physical distance travelled by a radio wave during 
one cycle of transmission. 

X 

03 Define ‘amplitude’. The maximum deflection in an oscillation or wave. X 

04 State that the relationship between wavelength and frequency is: 
wavelength (λ) = speed of light (c) / frequency (f). 

X 

05 Define ‘phase angle’: the fraction of one wavelength expressed in degrees 
from 000° to 360°. 

X 

06 Define ‘phase angle difference/shift’: the angular difference between the 
corresponding points of two cycles of equal wavelength, which is measurable 
in degrees (°). 

X 

062 01 01 03 Frequency bands,side bands,single side band  

01 List the band s of the frequency spectrum for electromagnetic waves: 

– VeryLowFrequency (VLF):3–30kHz; 

– LowFrequency (LF):30–300 kHz; 

– MediumFrequency(MF): 300–3 000 kHz; 

– High Frequency(HF):3–30MHz; 

– Very HighFrequency(VHF):30–300MHz 

– Ultra-High Frequency(UHF):300–3 000MHz; 

– SuperHighFrequency (SHF): 3–30GHz; 

– Extremely High Frequency (EHF): 30-300 GHz 

X 

02 State that when a carrier wave is modulated, the resultant radiation consists 
of the carrier frequency plus additional upper and lower sidebands 

X 
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Syllabus 
reference 

Syllabus details and associated LearningObjectives Instrument 
Rating (IR) 

060 00 00 00 NAVIGATION  

062 00 00 00 RADIO NAVIGATION  

062 01 00 00 BASIC RADIO PROPAGATION THEORY  

062 01 01 00 Basic principles  

062 01 01 01 Electromagnetic waves  

01 State that radio waves travel at the speed of light, being approximately 300 
000 km/s. 

X 

02 Define a ‘cycle’: a complete series of values of a periodical process X 

062 01 01 02 Frequency, wavelength, amplitude, phase angle  

01 Define ‘frequency’: the number of cycles occurring in 1 second expressed in 
Hertz (Hz). 

X 

02 Define ‘wavelength’. The physical distance travelled by a radio wave during 
one cycle of transmission. 

X 

03 Define ‘amplitude’. The maximum deflection in an oscillation or wave. X 

04 State that the relationship between wavelength and frequency is: 
wavelength (λ) = speed of light (c) / frequency (f). 

X 

05 Define ‘phase angle’: the fraction of one wavelength expressed in degrees 
from 000° to 360°. 

X 

06 Define ‘phase angle difference/shift’: the angular difference between the 
corresponding points of two cycles of equal wavelength, which is measurable 
in degrees (°). 

X 

062 01 01 03 Frequency bands,side bands,single side band  

01 List the band s of the frequency spectrum for electromagnetic waves: 

– VeryLowFrequency (VLF):3–30kHz; 

– LowFrequency (LF):30–300 kHz; 

– MediumFrequency(MF): 300–3 000 kHz; 

– High Frequency(HF):3–30MHz; 

– Very HighFrequency(VHF):30–300MHz 

– Ultra-High Frequency(UHF):300–3 000MHz; 

– SuperHighFrequency (SHF): 3–30GHz; 

– Extremely High Frequency (EHF): 30-300 GHz 

X 

03 State that HF meteorological information for aircraft in flight (VOLMET) and 
HF two-way communication use a single sideband. 

X 

04 – State that the following abbreviations (classifications according to 
International Telecommunication Union (ITU) regulations) are used 

X 
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Syllabus 
reference 

Syllabus details and associated LearningObjectives Instrument 
Rating (IR) 

060 00 00 00 NAVIGATION  

062 00 00 00 RADIO NAVIGATION  

062 01 00 00 BASIC RADIO PROPAGATION THEORY  

062 01 01 00 Basic principles  

062 01 01 01 Electromagnetic waves  

01 State that radio waves travel at the speed of light, being approximately 300 
000 km/s. 

X 

02 Define a ‘cycle’: a complete series of values of a periodical process X 

062 01 01 02 Frequency, wavelength, amplitude, phase angle  

01 Define ‘frequency’: the number of cycles occurring in 1 second expressed in 
Hertz (Hz). 

X 

02 Define ‘wavelength’. The physical distance travelled by a radio wave during 
one cycle of transmission. 

X 

03 Define ‘amplitude’. The maximum deflection in an oscillation or wave. X 

04 State that the relationship between wavelength and frequency is: 
wavelength (λ) = speed of light (c) / frequency (f). 

X 

05 Define ‘phase angle’: the fraction of one wavelength expressed in degrees 
from 000° to 360°. 

X 

06 Define ‘phase angle difference/shift’: the angular difference between the 
corresponding points of two cycles of equal wavelength, which is measurable 
in degrees (°). 

X 

062 01 01 03 Frequency bands,side bands,single side band  

01 List the band s of the frequency spectrum for electromagnetic waves: 

– VeryLowFrequency (VLF):3–30kHz; 

– LowFrequency (LF):30–300 kHz; 

– MediumFrequency(MF): 300–3 000 kHz; 

– High Frequency(HF):3–30MHz; 

– Very HighFrequency(VHF):30–300MHz 

– Ultra-High Frequency(UHF):300–3 000MHz; 

– SuperHighFrequency (SHF): 3–30GHz; 

– Extremely High Frequency (EHF): 30-300 GHz 

X 

for aviation applications:  

–  N0N: carrier without modulation as used by nondirectional radio 
beacons (NDBs);  

–  A1A: carrier with keyed Morse code modulation as used by NDBs; 
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Syllabus 
reference 

Syllabus details and associated LearningObjectives Instrument 
Rating (IR) 

060 00 00 00 NAVIGATION  

062 00 00 00 RADIO NAVIGATION  

062 01 00 00 BASIC RADIO PROPAGATION THEORY  

062 01 01 00 Basic principles  

062 01 01 01 Electromagnetic waves  

01 State that radio waves travel at the speed of light, being approximately 300 
000 km/s. 

X 

02 Define a ‘cycle’: a complete series of values of a periodical process X 

062 01 01 02 Frequency, wavelength, amplitude, phase angle  

01 Define ‘frequency’: the number of cycles occurring in 1 second expressed in 
Hertz (Hz). 

X 

02 Define ‘wavelength’. The physical distance travelled by a radio wave during 
one cycle of transmission. 

X 

03 Define ‘amplitude’. The maximum deflection in an oscillation or wave. X 

04 State that the relationship between wavelength and frequency is: 
wavelength (λ) = speed of light (c) / frequency (f). 

X 

05 Define ‘phase angle’: the fraction of one wavelength expressed in degrees 
from 000° to 360°. 

X 

06 Define ‘phase angle difference/shift’: the angular difference between the 
corresponding points of two cycles of equal wavelength, which is measurable 
in degrees (°). 

X 

062 01 01 03 Frequency bands,side bands,single side band  

01 List the band s of the frequency spectrum for electromagnetic waves: 

– VeryLowFrequency (VLF):3–30kHz; 

– LowFrequency (LF):30–300 kHz; 

– MediumFrequency(MF): 300–3 000 kHz; 

– High Frequency(HF):3–30MHz; 

– Very HighFrequency(VHF):30–300MHz 

– Ultra-High Frequency(UHF):300–3 000MHz; 

– SuperHighFrequency (SHF): 3–30GHz; 

– Extremely High Frequency (EHF): 30-300 GHz 

X 

–  A2A: carrier with amplitude modulated Morse code as used by 
NDBs; 

–  A3E: carrier with amplitude modulated speech used for 
communication (VHF-COM). 
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Syllabus 
reference 

Syllabus details and associated LearningObjectives Instrument 
Rating (IR) 

060 00 00 00 NAVIGATION  

062 00 00 00 RADIO NAVIGATION  

062 01 00 00 BASIC RADIO PROPAGATION THEORY  

062 01 01 00 Basic principles  

062 01 01 01 Electromagnetic waves  

01 State that radio waves travel at the speed of light, being approximately 300 
000 km/s. 

X 

02 Define a ‘cycle’: a complete series of values of a periodical process X 

062 01 01 02 Frequency, wavelength, amplitude, phase angle  

01 Define ‘frequency’: the number of cycles occurring in 1 second expressed in 
Hertz (Hz). 

X 

02 Define ‘wavelength’. The physical distance travelled by a radio wave during 
one cycle of transmission. 

X 

03 Define ‘amplitude’. The maximum deflection in an oscillation or wave. X 

04 State that the relationship between wavelength and frequency is: 
wavelength (λ) = speed of light (c) / frequency (f). 

X 

05 Define ‘phase angle’: the fraction of one wavelength expressed in degrees 
from 000° to 360°. 

X 

06 Define ‘phase angle difference/shift’: the angular difference between the 
corresponding points of two cycles of equal wavelength, which is measurable 
in degrees (°). 

X 

062 01 01 03 Frequency bands,side bands,single side band  

01 List the band s of the frequency spectrum for electromagnetic waves: 

– VeryLowFrequency (VLF):3–30kHz; 

– LowFrequency (LF):30–300 kHz; 

– MediumFrequency(MF): 300–3 000 kHz; 

– High Frequency(HF):3–30MHz; 

– Very HighFrequency(VHF):30–300MHz 

– Ultra-High Frequency(UHF):300–3 000MHz; 

– SuperHighFrequency (SHF): 3–30GHz; 

– Extremely High Frequency (EHF): 30-300 GHz 

X 

062 01 01 04 Pulse characteristics  

01 – Define the following terms that are associated with a pulse string: . 

–  pulse length;  

X 
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Syllabus 
reference 

Syllabus details and associated LearningObjectives Instrument 
Rating (IR) 

060 00 00 00 NAVIGATION  

062 00 00 00 RADIO NAVIGATION  

062 01 00 00 BASIC RADIO PROPAGATION THEORY  

062 01 01 00 Basic principles  

062 01 01 01 Electromagnetic waves  

01 State that radio waves travel at the speed of light, being approximately 300 
000 km/s. 

X 

02 Define a ‘cycle’: a complete series of values of a periodical process X 

062 01 01 02 Frequency, wavelength, amplitude, phase angle  

01 Define ‘frequency’: the number of cycles occurring in 1 second expressed in 
Hertz (Hz). 

X 

02 Define ‘wavelength’. The physical distance travelled by a radio wave during 
one cycle of transmission. 

X 

03 Define ‘amplitude’. The maximum deflection in an oscillation or wave. X 

04 State that the relationship between wavelength and frequency is: 
wavelength (λ) = speed of light (c) / frequency (f). 

X 

05 Define ‘phase angle’: the fraction of one wavelength expressed in degrees 
from 000° to 360°. 

X 

06 Define ‘phase angle difference/shift’: the angular difference between the 
corresponding points of two cycles of equal wavelength, which is measurable 
in degrees (°). 

X 

062 01 01 03 Frequency bands,side bands,single side band  

01 List the band s of the frequency spectrum for electromagnetic waves: 

– VeryLowFrequency (VLF):3–30kHz; 

– LowFrequency (LF):30–300 kHz; 

– MediumFrequency(MF): 300–3 000 kHz; 

– High Frequency(HF):3–30MHz; 

– Very HighFrequency(VHF):30–300MHz 

– Ultra-High Frequency(UHF):300–3 000MHz; 

– SuperHighFrequency (SHF): 3–30GHz; 

– Extremely High Frequency (EHF): 30-300 GHz 

X 

–  pulse power;  

–  continuous power. 

062 01 01 05 Carrier,modulation  
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Syllabus 
reference 

Syllabus details and associated LearningObjectives Instrument 
Rating (IR) 

060 00 00 00 NAVIGATION  

062 00 00 00 RADIO NAVIGATION  

062 01 00 00 BASIC RADIO PROPAGATION THEORY  

062 01 01 00 Basic principles  

062 01 01 01 Electromagnetic waves  

01 State that radio waves travel at the speed of light, being approximately 300 
000 km/s. 

X 

02 Define a ‘cycle’: a complete series of values of a periodical process X 

062 01 01 02 Frequency, wavelength, amplitude, phase angle  

01 Define ‘frequency’: the number of cycles occurring in 1 second expressed in 
Hertz (Hz). 

X 

02 Define ‘wavelength’. The physical distance travelled by a radio wave during 
one cycle of transmission. 

X 

03 Define ‘amplitude’. The maximum deflection in an oscillation or wave. X 

04 State that the relationship between wavelength and frequency is: 
wavelength (λ) = speed of light (c) / frequency (f). 

X 

05 Define ‘phase angle’: the fraction of one wavelength expressed in degrees 
from 000° to 360°. 

X 

06 Define ‘phase angle difference/shift’: the angular difference between the 
corresponding points of two cycles of equal wavelength, which is measurable 
in degrees (°). 

X 

062 01 01 03 Frequency bands,side bands,single side band  

01 List the band s of the frequency spectrum for electromagnetic waves: 

– VeryLowFrequency (VLF):3–30kHz; 

– LowFrequency (LF):30–300 kHz; 

– MediumFrequency(MF): 300–3 000 kHz; 

– High Frequency(HF):3–30MHz; 

– Very HighFrequency(VHF):30–300MHz 

– Ultra-High Frequency(UHF):300–3 000MHz; 

– SuperHighFrequency (SHF): 3–30GHz; 

– Extremely High Frequency (EHF): 30-300 GHz 

X 

01 Define ‘carrier wave’: the radio wave acting as the carrier or transporter.. X 

02 Define ‘modulation’: the technical term for the process of impressing and 
transporting information by radio waves 

X 
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Syllabus 
reference 

Syllabus details and associated LearningObjectives Instrument 
Rating (IR) 

060 00 00 00 NAVIGATION  

062 00 00 00 RADIO NAVIGATION  

062 01 00 00 BASIC RADIO PROPAGATION THEORY  

062 01 01 00 Basic principles  

062 01 01 01 Electromagnetic waves  

01 State that radio waves travel at the speed of light, being approximately 300 
000 km/s. 

X 

02 Define a ‘cycle’: a complete series of values of a periodical process X 

062 01 01 02 Frequency, wavelength, amplitude, phase angle  

01 Define ‘frequency’: the number of cycles occurring in 1 second expressed in 
Hertz (Hz). 

X 

02 Define ‘wavelength’. The physical distance travelled by a radio wave during 
one cycle of transmission. 

X 

03 Define ‘amplitude’. The maximum deflection in an oscillation or wave. X 

04 State that the relationship between wavelength and frequency is: 
wavelength (λ) = speed of light (c) / frequency (f). 

X 

05 Define ‘phase angle’: the fraction of one wavelength expressed in degrees 
from 000° to 360°. 

X 

06 Define ‘phase angle difference/shift’: the angular difference between the 
corresponding points of two cycles of equal wavelength, which is measurable 
in degrees (°). 

X 

062 01 01 03 Frequency bands,side bands,single side band  

01 List the band s of the frequency spectrum for electromagnetic waves: 

– VeryLowFrequency (VLF):3–30kHz; 

– LowFrequency (LF):30–300 kHz; 

– MediumFrequency(MF): 300–3 000 kHz; 

– High Frequency(HF):3–30MHz; 

– Very HighFrequency(VHF):30–300MHz 

– Ultra-High Frequency(UHF):300–3 000MHz; 

– SuperHighFrequency (SHF): 3–30GHz; 

– Extremely High Frequency (EHF): 30-300 GHz 

X 

062 01 01 06 Kinds of modulation (amplitude, frequency, pulse, phase)  

01 Define ‘amplitude modulation’: the information that is impressed onto the 
carrier wave by altering the amplitude of the carrier. 

X 
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Syllabus 
reference 

Syllabus details and associated LearningObjectives Instrument 
Rating (IR) 

060 00 00 00 NAVIGATION  

062 00 00 00 RADIO NAVIGATION  

062 01 00 00 BASIC RADIO PROPAGATION THEORY  

062 01 01 00 Basic principles  

062 01 01 01 Electromagnetic waves  

01 State that radio waves travel at the speed of light, being approximately 300 
000 km/s. 

X 

02 Define a ‘cycle’: a complete series of values of a periodical process X 

062 01 01 02 Frequency, wavelength, amplitude, phase angle  

01 Define ‘frequency’: the number of cycles occurring in 1 second expressed in 
Hertz (Hz). 

X 

02 Define ‘wavelength’. The physical distance travelled by a radio wave during 
one cycle of transmission. 

X 

03 Define ‘amplitude’. The maximum deflection in an oscillation or wave. X 

04 State that the relationship between wavelength and frequency is: 
wavelength (λ) = speed of light (c) / frequency (f). 

X 

05 Define ‘phase angle’: the fraction of one wavelength expressed in degrees 
from 000° to 360°. 

X 

06 Define ‘phase angle difference/shift’: the angular difference between the 
corresponding points of two cycles of equal wavelength, which is measurable 
in degrees (°). 

X 

062 01 01 03 Frequency bands,side bands,single side band  

01 List the band s of the frequency spectrum for electromagnetic waves: 

– VeryLowFrequency (VLF):3–30kHz; 

– LowFrequency (LF):30–300 kHz; 

– MediumFrequency(MF): 300–3 000 kHz; 

– High Frequency(HF):3–30MHz; 

– Very HighFrequency(VHF):30–300MHz 

– Ultra-High Frequency(UHF):300–3 000MHz; 

– SuperHighFrequency (SHF): 3–30GHz; 

– Extremely High Frequency (EHF): 30-300 GHz 

X 

02 Define ‘frequency modulation’: the information that is impressed onto the 
carrier wave by altering the frequency of the carrier 

X 

03 Describe ‘pulse modulation’: a modulation form used in radar by transmitting X 
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Syllabus 
reference 

Syllabus details and associated LearningObjectives Instrument 
Rating (IR) 

060 00 00 00 NAVIGATION  

062 00 00 00 RADIO NAVIGATION  

062 01 00 00 BASIC RADIO PROPAGATION THEORY  

062 01 01 00 Basic principles  

062 01 01 01 Electromagnetic waves  

01 State that radio waves travel at the speed of light, being approximately 300 
000 km/s. 

X 

02 Define a ‘cycle’: a complete series of values of a periodical process X 

062 01 01 02 Frequency, wavelength, amplitude, phase angle  

01 Define ‘frequency’: the number of cycles occurring in 1 second expressed in 
Hertz (Hz). 

X 

02 Define ‘wavelength’. The physical distance travelled by a radio wave during 
one cycle of transmission. 

X 

03 Define ‘amplitude’. The maximum deflection in an oscillation or wave. X 

04 State that the relationship between wavelength and frequency is: 
wavelength (λ) = speed of light (c) / frequency (f). 

X 

05 Define ‘phase angle’: the fraction of one wavelength expressed in degrees 
from 000° to 360°. 

X 

06 Define ‘phase angle difference/shift’: the angular difference between the 
corresponding points of two cycles of equal wavelength, which is measurable 
in degrees (°). 

X 

062 01 01 03 Frequency bands,side bands,single side band  

01 List the band s of the frequency spectrum for electromagnetic waves: 

– VeryLowFrequency (VLF):3–30kHz; 

– LowFrequency (LF):30–300 kHz; 

– MediumFrequency(MF): 300–3 000 kHz; 

– High Frequency(HF):3–30MHz; 

– Very HighFrequency(VHF):30–300MHz 

– Ultra-High Frequency(UHF):300–3 000MHz; 

– SuperHighFrequency (SHF): 3–30GHz; 

– Extremely High Frequency (EHF): 30-300 GHz 

X 

short pulses followed by larger interruptions. 

04 Describe ‘phase modulation’: a modulation form used in GPS where the phase 
of the carrier wave is reversed. 

X 
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Syllabus 
reference 

Syllabus details and associated LearningObjectives Instrument 
Rating (IR) 

060 00 00 00 NAVIGATION  

062 00 00 00 RADIO NAVIGATION  

062 01 00 00 BASIC RADIO PROPAGATION THEORY  

062 01 01 00 Basic principles  

062 01 01 01 Electromagnetic waves  

01 State that radio waves travel at the speed of light, being approximately 300 
000 km/s. 

X 

02 Define a ‘cycle’: a complete series of values of a periodical process X 

062 01 01 02 Frequency, wavelength, amplitude, phase angle  

01 Define ‘frequency’: the number of cycles occurring in 1 second expressed in 
Hertz (Hz). 

X 

02 Define ‘wavelength’. The physical distance travelled by a radio wave during 
one cycle of transmission. 

X 

03 Define ‘amplitude’. The maximum deflection in an oscillation or wave. X 

04 State that the relationship between wavelength and frequency is: 
wavelength (λ) = speed of light (c) / frequency (f). 

X 

05 Define ‘phase angle’: the fraction of one wavelength expressed in degrees 
from 000° to 360°. 

X 

06 Define ‘phase angle difference/shift’: the angular difference between the 
corresponding points of two cycles of equal wavelength, which is measurable 
in degrees (°). 

X 

062 01 01 03 Frequency bands,side bands,single side band  

01 List the band s of the frequency spectrum for electromagnetic waves: 

– VeryLowFrequency (VLF):3–30kHz; 

– LowFrequency (LF):30–300 kHz; 

– MediumFrequency(MF): 300–3 000 kHz; 

– High Frequency(HF):3–30MHz; 

– Very HighFrequency(VHF):30–300MHz 

– Ultra-High Frequency(UHF):300–3 000MHz; 

– SuperHighFrequency (SHF): 3–30GHz; 

– Extremely High Frequency (EHF): 30-300 GHz 

X 

062 01 02 00 Antennas  

062 01 02 01 Characteristics  

01 Define ‘antenna’: an antenna or aerial is an electrical device which converts X 
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Syllabus 
reference 

Syllabus details and associated LearningObjectives Instrument 
Rating (IR) 

060 00 00 00 NAVIGATION  

062 00 00 00 RADIO NAVIGATION  

062 01 00 00 BASIC RADIO PROPAGATION THEORY  

062 01 01 00 Basic principles  

062 01 01 01 Electromagnetic waves  

01 State that radio waves travel at the speed of light, being approximately 300 
000 km/s. 

X 

02 Define a ‘cycle’: a complete series of values of a periodical process X 

062 01 01 02 Frequency, wavelength, amplitude, phase angle  

01 Define ‘frequency’: the number of cycles occurring in 1 second expressed in 
Hertz (Hz). 

X 

02 Define ‘wavelength’. The physical distance travelled by a radio wave during 
one cycle of transmission. 

X 

03 Define ‘amplitude’. The maximum deflection in an oscillation or wave. X 

04 State that the relationship between wavelength and frequency is: 
wavelength (λ) = speed of light (c) / frequency (f). 

X 

05 Define ‘phase angle’: the fraction of one wavelength expressed in degrees 
from 000° to 360°. 

X 

06 Define ‘phase angle difference/shift’: the angular difference between the 
corresponding points of two cycles of equal wavelength, which is measurable 
in degrees (°). 

X 

062 01 01 03 Frequency bands,side bands,single side band  

01 List the band s of the frequency spectrum for electromagnetic waves: 

– VeryLowFrequency (VLF):3–30kHz; 

– LowFrequency (LF):30–300 kHz; 

– MediumFrequency(MF): 300–3 000 kHz; 

– High Frequency(HF):3–30MHz; 

– Very HighFrequency(VHF):30–300MHz 

– Ultra-High Frequency(UHF):300–3 000MHz; 

– SuperHighFrequency (SHF): 3–30GHz; 

– Extremely High Frequency (EHF): 30-300 GHz 

X 

electric power into radio waves, and vice versa. 

02 State that the simplest type of antenna is a dipole, which is a wire of length 
equal to one half of the wavelength. 

X 



F. SUBJECT 062 RADIO NAVIGATION 

S 

  

Page 110 of 145 

 

Syllabus 
reference 

Syllabus details and associated LearningObjectives Instrument 
Rating (IR) 

060 00 00 00 NAVIGATION  

062 00 00 00 RADIO NAVIGATION  

062 01 00 00 BASIC RADIO PROPAGATION THEORY  

062 01 01 00 Basic principles  

062 01 01 01 Electromagnetic waves  

01 State that radio waves travel at the speed of light, being approximately 300 
000 km/s. 

X 

02 Define a ‘cycle’: a complete series of values of a periodical process X 

062 01 01 02 Frequency, wavelength, amplitude, phase angle  

01 Define ‘frequency’: the number of cycles occurring in 1 second expressed in 
Hertz (Hz). 

X 

02 Define ‘wavelength’. The physical distance travelled by a radio wave during 
one cycle of transmission. 

X 

03 Define ‘amplitude’. The maximum deflection in an oscillation or wave. X 

04 State that the relationship between wavelength and frequency is: 
wavelength (λ) = speed of light (c) / frequency (f). 

X 

05 Define ‘phase angle’: the fraction of one wavelength expressed in degrees 
from 000° to 360°. 

X 

06 Define ‘phase angle difference/shift’: the angular difference between the 
corresponding points of two cycles of equal wavelength, which is measurable 
in degrees (°). 

X 

062 01 01 03 Frequency bands,side bands,single side band  

01 List the band s of the frequency spectrum for electromagnetic waves: 

– VeryLowFrequency (VLF):3–30kHz; 

– LowFrequency (LF):30–300 kHz; 

– MediumFrequency(MF): 300–3 000 kHz; 

– High Frequency(HF):3–30MHz; 

– Very HighFrequency(VHF):30–300MHz 

– Ultra-High Frequency(UHF):300–3 000MHz; 

– SuperHighFrequency (SHF): 3–30GHz; 

– Extremely High Frequency (EHF): 30-300 GHz 

X 

03 State that an electromagnetic wave always consists of an oscillating electric 
(E) and an oscillating magnetic (H) field which propagates at the speed of light 

X 

04 State that the E and H fields are perpendicular to each other. The oscillations X 
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Syllabus 
reference 

Syllabus details and associated LearningObjectives Instrument 
Rating (IR) 

060 00 00 00 NAVIGATION  

062 00 00 00 RADIO NAVIGATION  

062 01 00 00 BASIC RADIO PROPAGATION THEORY  

062 01 01 00 Basic principles  

062 01 01 01 Electromagnetic waves  

01 State that radio waves travel at the speed of light, being approximately 300 
000 km/s. 

X 

02 Define a ‘cycle’: a complete series of values of a periodical process X 

062 01 01 02 Frequency, wavelength, amplitude, phase angle  

01 Define ‘frequency’: the number of cycles occurring in 1 second expressed in 
Hertz (Hz). 

X 

02 Define ‘wavelength’. The physical distance travelled by a radio wave during 
one cycle of transmission. 

X 

03 Define ‘amplitude’. The maximum deflection in an oscillation or wave. X 

04 State that the relationship between wavelength and frequency is: 
wavelength (λ) = speed of light (c) / frequency (f). 

X 

05 Define ‘phase angle’: the fraction of one wavelength expressed in degrees 
from 000° to 360°. 

X 

06 Define ‘phase angle difference/shift’: the angular difference between the 
corresponding points of two cycles of equal wavelength, which is measurable 
in degrees (°). 

X 

062 01 01 03 Frequency bands,side bands,single side band  

01 List the band s of the frequency spectrum for electromagnetic waves: 

– VeryLowFrequency (VLF):3–30kHz; 

– LowFrequency (LF):30–300 kHz; 

– MediumFrequency(MF): 300–3 000 kHz; 

– High Frequency(HF):3–30MHz; 

– Very HighFrequency(VHF):30–300MHz 

– Ultra-High Frequency(UHF):300–3 000MHz; 

– SuperHighFrequency (SHF): 3–30GHz; 

– Extremely High Frequency (EHF): 30-300 GHz 

X 

are perpendicular to the propagation direction and are in-phase. 

062 01 02 02 Polarisation  

01 State that the polarisation of an electromagnetic wave describes the X 
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Syllabus 
reference 

Syllabus details and associated LearningObjectives Instrument 
Rating (IR) 

060 00 00 00 NAVIGATION  

062 00 00 00 RADIO NAVIGATION  

062 01 00 00 BASIC RADIO PROPAGATION THEORY  

062 01 01 00 Basic principles  

062 01 01 01 Electromagnetic waves  

01 State that radio waves travel at the speed of light, being approximately 300 
000 km/s. 

X 

02 Define a ‘cycle’: a complete series of values of a periodical process X 

062 01 01 02 Frequency, wavelength, amplitude, phase angle  

01 Define ‘frequency’: the number of cycles occurring in 1 second expressed in 
Hertz (Hz). 

X 

02 Define ‘wavelength’. The physical distance travelled by a radio wave during 
one cycle of transmission. 

X 

03 Define ‘amplitude’. The maximum deflection in an oscillation or wave. X 

04 State that the relationship between wavelength and frequency is: 
wavelength (λ) = speed of light (c) / frequency (f). 

X 

05 Define ‘phase angle’: the fraction of one wavelength expressed in degrees 
from 000° to 360°. 

X 

06 Define ‘phase angle difference/shift’: the angular difference between the 
corresponding points of two cycles of equal wavelength, which is measurable 
in degrees (°). 

X 

062 01 01 03 Frequency bands,side bands,single side band  

01 List the band s of the frequency spectrum for electromagnetic waves: 

– VeryLowFrequency (VLF):3–30kHz; 

– LowFrequency (LF):30–300 kHz; 

– MediumFrequency(MF): 300–3 000 kHz; 

– High Frequency(HF):3–30MHz; 

– Very HighFrequency(VHF):30–300MHz 

– Ultra-High Frequency(UHF):300–3 000MHz; 

– SuperHighFrequency (SHF): 3–30GHz; 

– Extremely High Frequency (EHF): 30-300 GHz 

X 

orientation of the plane of oscillation of the electrical component of the wave 
with regard to its direction of propagation.. 
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062 01 02 03 Types of antennas  

01 – Name the common different types of directional antennas:  

–  loop antenna used in old automatic direction-finding (ADF) 
receivers;  

–  parabolic antenna used in weather radars;  

–  slotted planar array used in more modern weather radars.. 

X 

062 01 03 00 Wave propagation  

062 01 03 01 Structure of  the ionosphere  

01 State that the ionosphere is the ionised component of the Earth’s upper 
atmosphere from approximately 60 to 400 km above the surface, which is 
vertically structured in three regions or layers. 

X 

02 State that the layers of the ionosphere are named D, E and F layers, and their 
depth varies with time. 

X 

03 State that electromagnetic waves refracted from the E and F layers of the 
ionosphere are called sky waves 

X 

04 Explain how the different layers of the ionosphere influence wave 
propagation 

X 

062 01 03 02 Ground waves  

01 Define ‘ground or surface waves’: the electromagnetic waves travelling along 
the surface of the Earth. 

X 

062 01 03 03 Space waves  

01 Define ‘space waves’: the electromagnetic waves travelling through the air 
directly from the transmitter to the receiver. 

X 

   

062 01 03 04 Propagation with the frequency bands  

01 State that radio waves in VHF, UHF, SHF and EHF propagate as space waves. X 

02 State that radio waves in LF, MF and HF propagate as surface/ground waves 
and sky waves 

X 

062 01 03 05 Doppler principle  

01 State that the Doppler effect is the phenomenon where the frequency of a 
wave will increase or decrease if there is relative motion between the 
transmitter and the receiver. 

X 

062 01 03 06 Factorsaffectingpropagation  

01 Define ‘skip distance’: the distance between the transmitter and the point on 
the surface of the Earth where the first sky wave return arrives. 

X 

02 State that skip zone/dead space is the distance between the limit of the 
surface wave and the sky wave. 

X 
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03 Describe ‘fading’: when a receiver picks up two signals with the same 
frequency, and the signals will interfere with each other causing changes in 
the resultant signal strength and polarisation. 

X 

04 State that radio waves in the VHF band and above are limited in range as they 
are not reflected by the ionosphere and do not have a surface wave. 

X 

05 Describe the physical phenomena ‘reflection’, ‘refraction’, ‘diffraction’, 
‘absorption’ and ‘interference’. 

X 

06 State that multipath is when the signal arrives at the receiver via more than 
one path (the signal being reflected from surfaces near the receiver). 

X 

062 02 00 00 RADIO AIDS  

062 02 01 00 Ground D/F  

062 02 01 01 Principles  

01 Describe the use of a ground DF. X 

02 Explain the limitation of range because of the path of the VHF signal X 

062 02 01 02 Presentation and interpretation  

01 Define the term ‘QDM’: the magnetic bearing to the station. X 

02 Define the term ‘QDR’: the magnetic bearing from the station. X 

03 Explain that by using more than one ground station, the position of an aircraft 
can be determined and transmitted to the pilot 

X 

062 02 01 03 Coverage and range  

01 Use the formula: 1.23 × √transmitter height in feet + 1.23 × √receiver height in 
feet to calculate the range in NM 

X 

062 02 01 04 Errors and accuracy  

01 Explain why synchronous transmissions will cause errors. X 

02 Describe the effect of ‘multipath signals’. X 

03 ExplainthatVDFinformationisdividedintothefollowingclassesaccordingtoICAO
Annex10: 

– classA:accurate to a range within ± 2°; 

– classB:accurateto a range within ± 5°; 

– classC: accurateto a range within ±10°; 

– classD: accurateto lessthan classC. 

X 

062 02 02 00 Non-Directional Beacon (NDB)/ Automatic Direction Finder (ADF)  

062 02 02 01 Principles  

01 Define the acronym ‘NDB’. Non-DirectionalBeacon. X 

02 Define the acronym ‘ADF’. AutomaticDirectionFinder. X 
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03 State that the NDB is the ground part of the system X 

04 State that the ADF is the airborne part of the system X 

05 State that the NDB operates in the LF and MF frequency bands. X 

06 State that the frequency band assigned to aeronautical NDBs according to 
ICAO Annex 10 is 190–1 750 kHz. 

X 

07 Define a ‘locator beacon’: an LF/MF NDB used as an aid to final approach 
usually with a range of 10–25 NM 

X 

08 ExplainthedifferencebetweenNDBsandlocatorbeacons. State that certain 
commercial radio stations transmit within the frequency band of the NDB. 

X 

09 State that according to ICAO Annex 10, an NDB station has an automatic 
ground monitoring system. 

X 

10 Describe the use of NDBs for navigation. X 

11 Describe the procedure to identify an NDB station.. X 

12 Interpret the term ‘cone of confusion’ in respect of an NDB X 

13 State that an NDB station emits a N0N/A1A or a N0N/A2A signal. X 

14 State the function of the beat frequency oscillator (BFO). X 

15 State that in order to identify a N0N/A1A NDB, the BFO circuit of the receiver 
has to be activated 

X 

16 State that on modern aircraft, the BFO is activated automatically. X 

062 02 02 02 Presentationandinterpretation  

01 – Name the types of indicators commonly in use:  

–  electronic display; 

–  radio magnetic indicator (RMI);  

–  fixed-card ADF (radio compass); 

–  moving-card ADF. 

X 

02 Interpret the indications given on RMI, fixed-card and movingcard ADF 
displays 

X 

03 Given a display, interpret the relevant ADF information X 

04 Calculate the true bearing from the compass heading and relative bearing. X 

05 Convert the compass bearing into magnetic bearing and true bearing X 

06 – Describe how to fly the following in-flight ADF procedures: 

–  homing and tracking, and explain the influence of wind;  

–  interception of inbound QDM and outbound QDR;  

–  changing from one QDM/QDR to another;  

–  determining station passage and the abeam point 

X 
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062 02 02 03 Coverage and range  

01 State that the power of the transmitter limits the range of an NDB X 

02 Explain the relationship between power and range. X 

03 Describe the propagation path of NDB radio waves with respect to the 
ionosphere and the Earth’s surface. 

X 

04 

 

Explain that the interference between sky waves and ground waves leads to 
‘fading’. 

X 

05 Define that the accuracy the pilot has to fly the required bearing in order to 
be considered established during approach, according to ICAO Doc 8168, has 
to be within ± 5° 

X 

06 State that there is no warning indication of NDB failure X 

062 02 02 04 Errors and accuracy  

01 Explain ‘coastal refraction’: as a radio wave travelling over land crosses the 
coast, the wave speeds up over water and the wave front bends. 

X 

02 Define ‘night/twilight effect’: the influence of sky waves and ground waves 
arriving at the ADF receiver with a difference of phase and polarisation which 
introduce bearing errors. 

X 

03 State that interference from other NDB stations on the same frequency may 
occur at night due to sky-wave contamination. 

X 

062 02 02 05 Factors affecting range and accuracy  

01 Describe diffraction of radio waves in mountainous terrain (mountain 
effect). 

X 

02 State that static radiation energy from a cumulonimbus cloud may interfere 
with the radio wave and influence the ADF bearing indication. 

X 

03 Explain that the bank angle of the aircraft causes a dip error. X 

062 02 03 00 VOR and Doppler VOR  

062 02 03 01 Principles  

01 – Explain the working principle of VOR using the following general 
terms:  

–  reference phase;  

–  variable phase; 

–  phase difference.. 

X 

02 State that the frequency band allocated to VOR according to ICAO Annex 10 is 
VHF, and the frequencies used are 108.0– 117.975 MHz. 

X 

03 State that frequencies within the allocated VOR range 108.0– 111.975 MHz, 
which have an odd number in the first decimal place, are used by instrument 
landing system (ILS). 

X 



F. SUBJECT 062 RADIO NAVIGATION 

S 

  

Page 117 of 145 

 

04 – State that the following types of VOR are in operation:  

–  conventional VOR (CVOR): a first-generation VOR station emitting 
signals by means of a rotating antenna;  

–  Doppler VOR (DVOR): a second-generation VOR station emitting 
signals by means of a combination of fixed antennas utilising the 
Doppler principle;  

–  en-route VOR for use by IFR traffic;  

–  terminal VOR (TVOR): a station with a shorter range used as part of 
the approach and departure structure at major aerodromes;  

–  test VOR (VOT): a VOR station emitting a signal to test VOR 

indicators in an aircraft. 

X 

05 State that automatic terminal information service (ATIS) information is 
transmitted on VOR frequencies. 

X 

06 ListthethreemaincomponentsofVORairborneequipment: 

– theantenna; 

– thereceiver; 

– theindicator. 

X 

07 Describe the identification of a VOR in terms of Morse-code letters and 
additional plain text. 

X 

08 State that according to ICAO Annex 10, a VOR station has an automatic 
ground monitoring system. 

X 

09 State that failure of the VOR station to stay within the required limits can 
cause the removal of identification and navigation components from the 
carrier or radiation to cease. 

X 

062 02 03 02 Presentation and interpretation  

01 Read off the radial on an RMI. X 

02 Read off the angular displacement in relation to a preselected radial on a 
horizontal situation indicator (HSI) or omnibearing indicator (OBI). 

X 

03 Explain the use of the TO/FROM indicator in order to determine aircraft 
position relative to the VOR considering also the heading of the aircraft 

X 

04 Interpret VOR information as displayed on HSI, CDI and RMI. X 

05 – Describe the following in-flight VOR procedures:  

–  tracking, and explain the influence of wind when tracking;  

–  interception of a radial inbound and outbound to/from a VOR; 

–  changing from one radial inbound/outbound to another;  

–  determining station passage and the abeam point. 

X 

06 State that when converting a radial into a true bearing, the variation at the 
VOR station has to be taken into account. 

X 

062 02 03 03 Intentionally left blank  
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062 02 03 04 Errors and accuracy  

01 Define that the accuracy the pilot has to fly the required bearing in order to 
be considered established on a VOR track when flying approach procedures, 
according to ICAO Doc 8168, has to be within the half-full scale deflection of 
the required track. 

X 

02 State that due to reflections from terrain, radials can be bent and lead to 
wrong or fluctuating indications, which is called ‘scalloping’. 

X 

062 02 04 00 Distance-measuring equipment (DME)  

062 02 04 01 Principles  

01 State that DME operates in the UHF band. X 

02 – State that the system comprises two basic components:  

–  the aircraft component: the interrogator; 

–  the ground component: the transponder. 

X 

03 Describe the principle of distance measurement using DME in terms of 
a timed transmission from the interrogator and reply from the 
transponder on different frequencies. 

X 

04 Explain that the distance measured by DME is slant range. X 

05 Illustrate that a position line using DME is a circle with the station at its 
centre. 

X 

06 State that the pairing of VHF and UHF frequencies (VOR/DME) enables the 
selection of two items of navigation information from one frequency setting. 

X 

07 Describe, in the case of co-location with VOR and ILS, the frequency pairing 
and identification procedure. 

X 

08 State that military UHF tactical air navigation aid (TACAN) stations may be 
used for DME information. 

X 

062 02 04 02 Presentationandinterpretation  

01 State that when identifying a DME station co-located with a VOR station, the 
identification signal with the higher-tone frequency is the DME which 
identifies itself approximately every 40 seconds. 

X 

02 Calculate ground distance from given slant range and altitude X 

03 Describe the use of DME to fly a DME arc in accordance with ICAO Doc 8168 
Volume 1. 

X 

04 State that a DME system may have a ground speed (GS) and time to station 
read-out combined with the DME read-out 

X 

062 02 04 03 Coverage and range  

01 Explain why a ground station can generally respond to a maximum of 100 
aircraft. 

X 
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02 Explain which aircraft will be denied a DME range first when more than 100 
interrogations are being made 

X 

062 02 04 04 Intentionally left blank  

062 02 04 05 Factors affecting range and accuracy  

01 Explain why the GS read-out from a DME can be less than the actual GS, and is 
zero when flying a DME arc. 

X 

062 02 05 00 Instrument landing system (ILS)  

062 02 05 01 Principles  

01 NamethethreemaincomponentsofanILS: 

– thelocaliser(LLZ); 

– theglidepath(GP); 

– range information (markersorDME). 

X 

02 – State the site locations of the ILS components:  

–  the LOC antenna should be located on the extension of the runway 
centre line at the stop-end;  

–  the GP antenna should be locate beyond the runway threshold, 
laterally displaced to the side of the runway centre line 

X 

03 Explain that marker beacons produce radiation patterns to indicate 
predetermined distances from the threshold along the ILS GP 

X 

04 State that marker beacons are sometimes replaced by a DME paired with the 
LOC frequency. 

X 

05 State that in the ILS LOC frequency assigned band 108.0– 111.975 MHz, only 
frequencies which have an odd number in the first decimal are ILS LOC 
frequencies. 

X 

06 State that the GP operates in the UHF band. X 

07 Describe the use of the 90-Hz and the 150-Hz signals in the LOC and GP 
transmitters/receivers, stating how the signals at the receivers vary with 
angular deviation. 

X 

08 State that the UHF GP frequency is selected automatically by being paired 
with the LOC frequency 

X 

09 Explain that both the LOC and the GP antenna radiates side lobes (false 
beams) which can give rise to false centre-line and false GP indication. 

X 

10 Explain that the back beam from the LOC antenna may be used as a published 
‘non-precision approach’ 

X 

11 State that the recommended GP is 3° X 
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12 Name the frequency, modulation and identification assigned to all marker 
beacons. All marker beacons operate on 75-MHz carrier frequency. The 
modulation frequencies of the audio are:  

— outer marker: low;  

— middle marker: medium;  

— inner marker: high. The audio frequency modulation (for identification) is 
the continuous modulation of the audio frequency and is keyed as follows:  

— outer marker: 2 dashes per second continuously; — middle marker: a 
continuous series of alternate dots and dashes;  

— inner marker: 6 dots per second continuously.  

— The outer-marker cockpit indicator is coloured blue, the middle marker 
amber, and the inner marker white.  

X 

13 State that the final-approach area contains a fix or facility that permits 
verification of the ILS GP–altimeter relationship. The outer marker or DME is 
usually used for this purpose. 

X 

062 02 05 02 Presentation and interpretation  

01 Describe the ILS identification regarding frequency and Morse code or plain 
text. 

X 

02 State that an ILS installation has an automatic ground monitoring system. X 

03 State that the LOC and GP monitoring system monitors any shift in the LOC 
and GP mean course line or reduction in signal strength 

X 

04 State that warning flags will appear for both the LOC and the GP if the 
received signal strength is below a threshold value. 

X 

05 Describe the circumstances in which warning flags will appear for both the 
LOC and the GP: 

 — absence of the carrier frequency; 

 — absence of the modulation simultaneously;  

— the percentage modulation of the navigation signal reduced to 0. 

X 

06 Interpret the indications on a CDI and an HSI:  

— full-scale deflection of the CDI needle corresponds to approximately 2.5° 
displacement from the ILS centre line;  

— full-scale deflection on the GP corresponds to approximately 0.7° from the 
ILS GP centre line. 

X 

07 Interpret the aircraft’s position in relation to the extended runway centre line 
on a back-beam approach. 

X 

08 Explain the setting of the course pointer of an HSI and the course 
selector of an omnibearing indicator (OBI) for front-beam and back-
beam approaches 

X 
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062 02 05 03 Coverage and range  

01 – Sketch the standard coverage area of the LOC and GP with angular 
sector limits in degrees and distance limits from the transmitter: 
LOC coverage area is 10° on either side of the centre line to a 
distance of 25 NM from the runway, and 35° on either side of the 
centre line to a distance of 17 NM from the runway; GP coverage 
area is 8° on either side of the centre line to a distance of minimum 
10 NM from the runway 

X 

062 02 05  04 Errors and accuracy  

01 Explain that ILS approaches are divided into facility performance categories 
defined in ICAO Annex 10.. 

X 

02 Definethefollowing ILS operationcategories: 

– Category I; 

– Category II; 

– Category IIIA; 

– Category IIIB; 

– Category IIIC. 

X 

03 Explain that all Category III ILS operations guidance information is provided 
from the coverage limits of the facility to, and along, the surface of the 
runway 

X 

04 Explain why the accuracy requirements are progressively higher for CAT I, CAT 
II and CAT III ILS. 

X 

05 Explain the following in accordance with ICAO Doc 8168:  

— the accuracy the pilot has to fly the ILS LOC to be considered established 
on an ILS track is within the halffull scale deflection of the required track;  

— the aircraft has to be established within the half-scale deflection of the LOC 
before starting descent on the GP; 

 — the pilot has to fly the ILS GP to a maximum of half-scale fly-up deflection 
of the GP in order to stay in protected airspace. 

X 

06 State that if a pilot deviates by more than half-course deflection on 
the LOC or by more than half-dot deflection on the GP, an immediate 
go-around should be executed because obstacle clearance may no 
longer be guaranteed 

X 

07 Describe ILS beam bends as deviations from the nominal LOC and GP 
respectively which can be assessed by flight test. 

X 

08 Explain that multipath interference is caused by reflections from objects 
within the ILS coverage area. 

`X 

062 02 05 05 Factors affecting range and accuracy  

01 Define the ‘ILS-critical area’: an area of defined dimensions around the LOC 
and GP antennas where vehicles, including aircraft, are excluded during all ILS 
operations. 

X 
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02 Define the ‘ILS-sensitive area’: an area extending beyond the ILScritical area 
where the parking or movement of vehicles, including aircraft, is controlled to 
prevent the possibility of unacceptable interference to the ILS signal during 
ILS operations. 

X 

062 02 06 00 Microwave Landing System (MLS)  

062 02 06 01 Principles  

01 – Explain the principle of operation:  

–  horizontal course guidance during the approach; 

–  vertical guidance during the approach;  

–  horizontal guidance for departure and missed approach; 

–  DME (DME/P) distance;  

–  transmission of special information regarding the system and the 
approach conditions.. 

X 

02 State that MLS operates in the SHF band on any one of 200 channels, on 
assigned frequencies. 

X 

03 Explain the reason why MLS can be installed at aerodromes where, as a result 
of the effects of surrounding buildings or terrain, ILS siting is difficult. 

X 

062 02 06 02 Presentationandinterpretation  

01 Interpret the display of airborne equipment designed to continuously show 
the position of the aircraft in relation to a preselected course and glide path, 
along with distance information, during approach and departure. 

X 

02 Explain that segmented approaches can be carried out with a presentation 
with two cross bars directed by a computer which has been programmed with 
the approach to be flown 

X 

03 Illustrate that segmented and curved approaches can only be executed with 
DME/P installed 

X 

04 Explain why aircraft are equipped with a multimode receiver (MMR) in order 
to be able to receive ILS, MLS and GPS. 

X 

05 Explain why MLS without DME/P gives an ILS look alike straight line approach. X 

062 02 06 03 Coverage and range  

01 Describe the coverage area for the approach direction as being within a sector 
of ± 40° of the centre line out to a range of 20 NM from the threshold 
(according to ICAO Annex 10). 

X 

062 03 00 00 RADAR  

062 03 01 00 Pulse techniques  

062 03 01 01 Pulse techniques and associated terms  

01 Name the different applications of radar with respect to air traffic control 
(ATC), weather observations, and airborne weather radar (AWR). 

X 
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02 Describe the pulse technique and echo principle on which primary radar 
systems are based. 

X 

03 State that the range of a radar depends on pulse repetition frequency (PRF), 
pulse length, pulse power, height of aircraft, height of antenna and frequency 
used 

X 

062 03 02 00 Ground radar  

062 03 02 01 Principles  

01 Explain that primary radar provides bearing and distance of targets X 

02 Explain that primary ground radar is used to detect aircraft that are not 
equipped with a secondary radar transponder 

X 

062 03 02 02 Presentation and interpretation  

01 State that modern ATC systems use inputs from various sensors to generate 
the display. 

X 

062 03 03 00 Airborne weather radar  

062 03 03 01 Principles  

01 List the two main tasks of the weather radar in respect of weather and 
navigation 

X 

02 State that modern weather radars employ frequencies that give wavelengths 
of about 3 cm that reflect best on wet hailstones. 

X 

03 State that the antenna is stabilised in the horizontal plane with signals from 
the aircraft’s attitude reference system 

X 

04 Describe the cone-shaped pencil beam of about 3 to 5° beam width used for 
weather detection 

X 

062 03 03 02 Presentationandinterpretation  

01 – Explain the functions of the following different controls on the radar 
control panel:  

–  off/on switch;  

–  function switch with WX, WX+T and MAP modes;  

–  gain-control setting (auto/manual);  

–  tilt/auto tilt switch.. 

X 

02 Name, for areas of differing reflection intensity, the colour gradations (green, 
yellow, red and magenta) indicating the increasing intensity of precipitation 

X 

03 State the use of azimuth-marker lines and range lines in respect of the relative 
bearing and the distance to a thunderstorm on the screen. 

X 

062 03 03 03 Coverage and range  

01 Explain how the radar is used for weather detection and for mapping (range, 
tilt and gain, if available).). 

X 
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062 03 03 04 Errors, accuracy, limitations  

01 Explain why AWR should be used with extreme caution when on the ground X 

062 03 03 05 Factorsaffectingrangeandaccuracy  

01 Explain the danger of the area behind heavy rain (shadow area) where no 
radar waves will penetrate 

X 

02 Describe appropriate tilt settings in relation to altitude and thunderstorms. X 

03 Explain why a thunderstorm may not be detected when the tilt is set too high X 

062 03 03 06 Application for navigation  

01 Describe the navigation function of the radar in the mapping mode. X 

02 Describe the use of the weather radar to avoid a thunderstorm (Cb) X 

03 Explain how turbulence (not CAT) can be detected by a modern weather 
radar. 

X 

04 Explain how wind shear can be detected by a modern weather radar X 

062 03 04 00 Secondary surveillance radar and transponder  

062 03 04 01 Principles  

01 State that the ATC system is based on the replies provided by the airborne 
transponders in response to interrogations from the ATC secondary radar. 

X 

02 State that the ground ATC secondary radar uses techniques which provide the 
ATC with information that cannot be acquired by the primary radar 

X 

03 State that an airborne transponder provides coded-reply signals in response 
to interrogation signals from the ground secondary radar and from aircraft 
equipped with traffic alert and collision avoidance system (TCAS). 

X 

04 State the advantages of secondary surveillance radar (SSR) over a primary 
radar regarding range and collected information due to transponder principal 
information and active participation of the aircraft. 

X 

062 03 04 02 Modes and codes  

01 State that the interrogator transmits its interrogations in the form of a series 
of pulse pairs 

X 

02 • Name the interrogation modes:  

•  Mode A;  

•  Mode C;  

•  Mode S 

X 

05 State that Mode A designation is a sequence of four digits which can be 
manually selected from 4 096 available codes. 

X 

06 State that in Mode C reply, the pressure altitude is reported in 100-ft 
increments 

X 
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07 State that in addition to the information provided, on request from ATC, a 
special position identification (SPI) pulse can be transmitted but only as a 
result of a manual selection by the pilot (IDENT button). 

X 

08 State the need for compatibility of Mode S with Mode A and C X 

09 Explain that Mode S transponders receive interrogations from TCAS and SSR 
ground stations 

X 

10 State that Mode S interrogation contains either the aircraft address, selective 
call or all-call address. 

X 

11 State that every aircraft is allocated an ICAO aircraft address, which is hard-
coded into the Mode S transponder (Mode S address). 

X 

12 Explain that a 24-bit address is used in all Mode S transmissions, so that every 
interrogation can be directed to a specific aircraft 

X 

13 State that Mode S can provide enhanced vertical tracking, using a 25-ft 
altitude increment. 

X 

14 State that SSR can be used for automatic dependent surveillance — broadcast 
(ADS-B). 

X 

062 03 04 03 Presentationandinterpretation  

01 State that an aircraft can be identified by a unique code. X 

02 – State which information can be presented on the ATC display 
system:  

–  pressure altitude;  

–  flight level;  

–  flight number or aircraft registration number;  

–  GS. 

X 

03 Explain the use and function of the selector modes: OFF, Standby, ON (Mode 
A), ALT (Mode A, C and S), TEST, and of the reply lamp 

X 

062 04 00 00 INTENTONALLY LEFT BLANK  

062 05 00 00 INTENTONALLY LEFT BLANK  

062 06 00 00 GLOBAL NAVIGATION SATELLITE SYSTEMS (GNSSs)  

062 06 01 01 General  

01 State that there are four main GNSSs. These are:  

— USA NAVigation System with Timing And Ranging Global Positioning 
System (NAVSTAR GPS);  

— Russian GLObal NAvigation Satellite System (GLONASS);  

— European Galileo (under construction); 

— Chinese BeiDou (under construction). 

X 
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02 State that all four systems (will) consist of a constellation of satellites which 
can be used by a suitably equipped receiver to determine position 

X 

062 06 01 02 Operation  

 NAVSTAR GPS  

01 State that there are currently two modes of operation: standard positioning 
service (SPS) for civilian users, and precise positioning service (PPS) for 
authorised users. 

X 

02 SPS was originally designed to provide civilian users with a less accurate 
positioning capability than PPS. 

X 

03 – Name the three GNSS segments as follows:  

–  space segment;  

–  control segment;  

–  user segment. 

X 

 Space segment  

04 State that each satellite broadcasts ranging signals on two UHF frequencies: 
L1 and L2.. 

X 

05 State that SPS is a positioning and timing service provided on frequency L1. X 

06 State that PPS uses both frequencies L1 and L2. X 

07 State that the satellites transmit a coded signal used for ranging, identification 
(satellite individual PRN code), timing and navigation. 

X 

08 State that the navigation message contains: 

— satellite clock correction parameters;  

— Universal Time Coordinated (UTC) parameters;  

— an ionospheric model; 

 — satellite health data. 

X 

09 State that an ionospheric model is used to calculate the time delay of the 
signal travelling through the ionosphere. 

X 

10 State that two codes are transmitted on the L1 frequency, namely a coarse 
acquisition (C/A) code and a precision (P) code. The P code is not used for 
standard positioning service (SPS). 

X 

11 State that satellites are equipped with atomic clocks which allow the system 
to keep very accurate time reference. 

X 

 Control segment  

12 State that the control segment comprises:  

— a master control station;  

— a ground antenna;  

— monitoring stations 

X 
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13 State that the control segment provides:  

— monitoring of the constellation status;  

— correction of orbital parameters;  

— navigation data uploading 

X 

 User segment  

14 State that GNSS supplies three-dimensional position fixes and speed 
data, plus a precise time reference 

X 

15 State that a GNSS receiver is able to determine the distance to a satellite by 
determining the difference between the time of transmission by the satellite 
and the time of reception. 

X 

16 State that the initial distance calculated to the satellites is called pseudo-
range because the difference between the GNSS receiver and the satellite 
time references initially creates an erroneous range. 

X 

17 State that each range defines a sphere with its centre at the satellite X 

18 State that there are four unknown parameters (x, y, z and Δt) (receiver clock 
error) which require the measurement of ranges to four different satellites in 
order to get the position. 

X 

19 State that the GNSS receiver is able to synchronise to the correct time 
reference when receiving four satellites. 

X 

20 State that the receiver is able to calculate aircraft ground speed using the 
space vehicle (SV) Doppler frequency shift or the change in receiver position 
over time. 

X 

 Navigation System with Timing And Ranging Global Positioning System 
(NAVSTAR GPS) integrity 

 

21 Define ‘receiver autonomous integrity monitoring (RAIM)’ as a technique that 
ensures the integrity of the provided data by redundant measurements 

X 

22 State that RAIM is achieved by consistency checks among range 
measurements.. 

X 

23 State that basic RAIM requires five satellites. A sixth one is for isolating a 
faulty satellite from the navigation solution. 

X 

24 State that agreements have been concluded between the appropriate 
agencies for the compatibility and interoperability by any approved user of 
NAVSTAR and GLONASS systems. 

X 

25 State that the different GNSSs use different data with respect to reference 
systems, orbital data, and navigation services 

X 

062 06 01 03 Errors and factors affecting accuracy  
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01 List the most significant factors affecting accuracy: 

– Ionosphericp ropagation delay; 

– dilution of position; 

– satellite clockerror; 

– satellite orbital variations; 

– multi path. 

X 

02 State that a user equivalent range error (UERE) can be computed from all 
these factors 

X 

03 State that the error from the ionospheric propagation delay (IPD) can be 
reduced by modelling, using a model of the ionosphere, or can almost be 
eliminated by using two frequencies 

X 

04 State that ionospheric delay is the most significant error X 

05 State that dilution of precision arises from the geometry and number of 
satellites in view. It is called geometric dilution of precision (GDOP). 

X 

06 State that the UERE in combination with the geometric dilution of 
precision (GDOP) allows for an estimation of position accuracy. 

X 

07 State that errors in the satellite orbits are due to:  

— solar winds;  

— gravitation of the Sun and the Moon. 

X 

062 06 02 00 Ground, satellite and airborne-based augmentation systems  

062 06 02 01 Ground-Based Augmentation Systems (GBAS)  

01 Explain the principle of a GBAS: to measure on the ground the errors in the 
signals transmitted by GNSS satellites and relay the measured errors to the 
user for correction. 

X 

02 State that the ICAO GBAS standard is based on this technique through the use 
of a data link in the VHF band of ILS–VOR systems (108–118 MHz). 

X 

03 State that for a GBAS station the coverage is about 20 NM. X 

04 State that GBAS provides information for guidance in the terminal area, and 
for three-dimensional guidance in the final approach segment (FAS) by 
transmitting the FAS data block. 

X 

05 State that one ground station can support all the aircraft subsystems within 
its coverage providing the aircraft with approach data, corrections and 
integrity information for GNSS satellites in view via a VHF data broadcast 
(VDB). 

X 

06 State that the minimum software designed coverage area is 10° on either side 
of the final approach path to a distance between 15 and 20 NM, and 35° on 
either side of the final approach path up to a distance of 15 NM. 

X 

07 State that outside this area the FAS data of GBAS is not used. X 
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08 State that GBAS based on GPS is sometimes called local area augmentation 
system (LAAS). 

X 

09 State that a GBAS-based approach is called GLS approach (GLSGNSS 
landing system) 

X 

062 06 02 02 Satellite-Based Augmentation Systems (SBAS)  

01 Explain the principle of an SBAS: to measure on the ground the errors in the 
signals received from the satellites and transmit differential corrections and 
integrity messages for navigation satellites.. 

X 

02 State that the frequency band of the data link is identical to that of the GPS 
signals 

X 

03 Explain that the use of geostationary satellites enables messages to be 
broadcast over very wide areas. 

X 

04 State that pseudo-range measurements to these geostationary satellites can 
also be made, as if they were GPS satellites. 

X 

05 – State that SBAS consists of two elements: 

–   ground infrastructure (monitoring and processing stations);  

–  communication satellites. 

X 

06 State that SBAS allows the implementation of three-dimensional Type A and 
Type B approaches. 

X 

08 State that SBAS is designed to significantly improve accuracy and integrity. X 

09 Explain that integrity and safety are improved by alerting SBAS users 
within 6 seconds if a GPS malfunction occurs. 

X 

062 06 02 03 Intentionally left blank)  

062 06 02 04 Aircraft-based augmentation systems (ABASs)  

01 Explain the principle of ABAS: to use redundant elements within the GPS 
constellation (e.g. multiplicity of distance measurements to various satellites) 
or the combination of GNSS measurements with those of other navigation 
sensors (such as inertial systems) in order to develop integrity control.. 

X 

02 State that the type of ABAS using only GNSS information is named receiver 
autonomous integrity monitoring (RAIM). 

X 

03 State that a system using information from additional onboard sensors is 
named aircraft autonomous integrity monitoring (AAIM) 

X 

04 Explain that the typical sensors used are barometric altimeter and inertial 
reference system (IRS). 

X 

062 07 00 00 PERFORMANCE-BASED NAVIGATION (PBN)  

062 07 01 00 Performance-based navigation (PBN) concept (as described in ICAO Doc 
9613) 

 

062 07 01  01 PBN principles  
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01 List the factors used to define area navigation (RNAV) or required navigation 
performance (RNP) system performance requirements (accuracy, integrity 
and continuity).). 

X 

02 State that these RNAV and RNP systems are necessary to optimise the 
utilisation of available airspace. 

X 

03 State that it is necessary for flight crew and air traffic controllers to be aware 
of the on-board RNAV or RNP system capabilities in order to determine 
whether the performance of the RNAV or RNP system is appropriate for the 
specific airspace requirements. 

X 

04 Define accuracy as the conformance of the true position and the required 
position. 

X 

05 Define continuity as the capability of the system to perform its function 
without unscheduled interruptions during the intended operation 

X 

06 Define integrity as a measure of the trust that can be placed in the 
correctness of the information supplied by the total system. Integrity includes 
the ability of a system to provide timely and valid alerts to the user. 

X 

07 State that, unlike conventional navigation, PBN is not sensorspecific X 

08 Explain the difference between raw data and computed data X 

09 Define availability as the percentage of time (annually) during which the 
system is available for use 

X 

062.07.01.02 PBN components  

01 List the components of PBN as navigational aid (NAVAID) infrastructure, 
navigation specification and navigation application. 

X 

062 07 01 03 PBN scope  

01 State that in oceanic/remote, en-route and terminal phases of flight, PBN is 
limited to operations with linear lateral performance requirements and time 
constraints 

X 

02 State that in the approach phases of flight, PBN accommodates both linear 
and angular laterally guided operations, and explain the difference between 
the two 

X 

062 07 02 00 Navigational specifications  

062 07 02 01 RNAV and RNP  

01 State the difference between RNAV and RNP in terms of the requirement for 
on-board performance monitoring and alerting. 

X 

062 07 02 02 Navigational functional requirements  

01 List the basic functional requirements of the RNAV and RNP specifications 
(continuous indication of lateral deviation, distance/bearing to active 
waypoint, GS or time to active waypoint, navigation data storage and failure 
indication). 

X 
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062 07 02 03 Designation of RNP and RNAV specifications  

01 Interpret X in RNAV X or RNP X as the lateral navigation (LNAV) accuracy (total 
system error) in nautical miles, which is expected to be achieved at least 95 % 
of the flight time by the population of aircraft operating within the given 
airspace, route or procedure 

X 

02 State that aircraft approved to the more stringent accuracy requirements may 
not necessarily meet some of the functional requirements of the navigation 
specification that has a less stringent accuracy requirement. 

X 

03 State that RNAV 10 and RNP 4 are used in the oceanic/remote phase of flight. X 

04 State that RNAV 5 is used in the en-route and arrival phases of flight. X 

05 State that RNAV 2 and RNP 2 are also used as navigation specifications X 

06 State that RNP 2 is used in the en-route and oceanic/remote phases of flight.. X 

07 State that RNAV 2 might be used in the en-route continental, arrival and 
departure phases of flight. 

X 

08 State that RNP APCH is used in the approach phase of flight. State that RNAV 
1 and RNP 1 are used in the arrival and departure phases of flight. 

X 

09 State that required navigation performance approach (RNP APCH) is used in 
the approach phase of flight. 

X 

10 State that required navigation performance authorisation required approach 
(RNP AR APCH) is used in the approach phase of flight. 

X 

11 State that RNP 0.3 navigation specification is used in all phases of flight except 
for oceanic/remote and final approach, primarily for helicopters 

X 

12 State that RNAV 1, RNP 1 and RNP 0.3 may also be used in enroute phases of 
low-level instrument flight rule (IFR) helicopter flights 

X 

062 07 03 00 Use of performance-based navigation (PBN)  

062 07 03 01 Intentionally left blank  

062 07 03 02 Intentionally left blank  

062 07 03 03 Specific RNAV and RNP system functions  

01 Recognise the definition of radius to fix (RF) leg.. X 

02 Recognise the definition of a fixed radius transition (FRT) X 

03 State the importance of respecting the flight director guidance and the speed 
constraints associated with an RF procedure. 

X 

04 Explain the difference between a fly-by-turn and a fly-over. X 

05 State that the Aeronautical Radio, Incorporated (ARINC) 424 path terminators 
set the standards for coding the SIDs, STARs and instrument approach 
procedures (IAPs) from the official published government source 
documentation into the ARINC navigation database format. 

X 
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06 State that the path terminators define a specific type of termination of the 
previous flight path. 

X 

07 Define the term ‘offset flight path’. X 

062 07 04 01 Performance-based navigation (PBN) principles  

01 Define ‘path definition error’ (PDE). X 

02 Define ‘flight technical error’ (FTE) and state that the FTE is the error in 
following the prescribed path, either by the auto-flight system or by the pilot. 

X 

03 Define ‘navigation system error’ (NSE) and state that the accuracy of a 
navigation system may be referred to as NSE 

X 

04 Define ‘total system error’ (TSE) and state that the geometric sum of the PDE, 
FTE and NSE equals the TSE. 

X 

05 State that navigation accuracy depends on the TSE X 

062 07 04 02 On-board performance monitoring and alerting  

01 State that on-board performance monitoring and alerting of flight technical 
errors is managed by on-board systems or flight crew procedures. 

X 

02 State that on-board performance monitoring and alerting of navigation 
system errors is a requirement of on-board equipment for RNP. 

X 

03 State that, dependent on the navigation sensor, the estimated position error 
(EPE) is compared with the required navigation specification. 

X 

04 Explain how a navigation system assesses the EPE. X 

05 Give an example of how the loss of the ability to operate in RNP airspace may 
be indicated by the navigation system. 

X 

06 State that on-board performance monitoring and alerting of path definition 
error is managed by gross reasonableness checks of navigation data. 

X 

062 07 04 03 Abnormal situation  

01 State that abnormal and contingency procedures are to be used in case of loss 
of the PBN capability 

X 

062 07 04 04 Database management  

01 State that, unless otherwise specified in the operations documentation or 
acceptable means of compliance (AMCs), the navigational database must be 
valid for the current aeronautical information regulation and control (AIRAC) 
cycle 

X 

062 07 05 00 Requirements of specific RNAV and RNP specifications  

062 07 05 01 RNAV10  
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01 State that RNAV 10 requires that aircraft operating in oceanic and remote 
areas be equipped with at least two independent and serviceable long-range 
navigation systems (LRNSs) comprising an INS, an inertial reference system 
(IRS)/flight management system (FMS) or a GNSS. 

X 

02 State that operators may extend their RNAV 10 navigation capability time by 
updating. 

X 

062 07 05 02 RNAV5  

01 State that manual data entry is acceptable for RNAV5. X 

062 07 05 03 RNAV 1/RNAV 2/RNP 1/RNP 2  

01 State that pilots must not fly an RNAV 1, RNAV 2, RNP 1 or RNP 2 standard 
instrument departure (SID) or standard instrument arrival (STAR) unless it is 
retrievable by route name from the onboard navigation database and 
conforms to the charted route 

X 

02 State that the route may subsequently be modified through the insertion 
(from the database) or deletion of specific waypoints in response to ATC 
clearances.. 

X 

03 State that the manual entry, or creation of new waypoints by manual entry, of 
either latitude and longitude or place/bearing/distance values is not 
permitted 

X 

062 07 05 04 Intentionally left blank  

062 07 05 05 Required navigation performance approach (RNP APCH)  

01 State that pilots must not fly an RNP APCH unless it is retrievable by 
procedure name from the on-board navigation database and conforms to the 
charted procedure. 

X 

02 State that an RNP APCH to LNAV minima is a non-precision IAP designed for 
two-dimensional approach operations. 

X 

03 State that an RNP APCH to lateral navigation (LNAV)/vertical navigation 
(VNAV) minima has lateral guidance based on GNSS and vertical guidance 
based on either SBAS or barometric vertical navigation (Baro-VNAV) 

X 

04 State that an RNP APCH to LNAV/VNAV minima may only be conducted with 
vertical guidance certified for the purpose. 

X 

05 Explain why an RNP APCH to LNAV/VNAV minima based on Baro-VNAV may 
only be conducted when the aerodrome temperature is within a promulgated 
range if the barometric input is not automatically temperature-compensated. 

X 

06 State that the correct altimeter setting is critical for the safe conduct of an 
RNP APCH using Baro-VNAV 

X 

07 State that an RNP APCH to LNAV/VNAV minima is a threedimensional 
operation. 

X 

08 State that an RNP APCH to localiser performance with vertical guidance (LPV) 
minima is a three-dimensional operation 

X 
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09 State that RNP APCH to LPV minima requires a final approach segment (FAS) 
data block. 

X 

10 State that RNP approaches to LPV minima require SBAS. X 

11 State that the FAS data block is a standard data format to describe the final 
approach path. 

X 

062 07 05 06 RNP AR APCH  

01 State that RNP AR APCH requires authorisation.. X 

062 07 05 07 Advanced required navigation performance (A-RNP)  

01 State that A-RNP incorporates the navigation specifications RNAV 5, RNAV 2, 
RNAV 1, RNP 2, RNP 1 and RNP APCH.. 

X 

062 07 05 08 PBN point-in-space (PinS) departure  

01 State that a PinS departure is a departure procedure designed for helicopters 
only.. 

X 

02 State that a PinS departure procedure includes either a ‘proceed VFR’ or a 
‘proceed visually’ instruction from the landing location to the initial departure 
fix (IDF). 

X 

03 Recognise the differences in the instructions ‘proceed VFR’ and ‘proceed 
visually’ 

X 

062 07 05 09 PBN Point in Space (PinS) approach  

01 State that a PinS approach procedure is an instrument RNP APCH procedure 
designed for helicopters only, and that it may be published with LNAV minima 
or LPV minima. 

X 

02 State that a PinS approach procedure includes either a ‘proceed VFR’ or a 
‘proceed visually’ instruction from the missed approach point (MAPt) to a 
landing location 

X 

03 Recognise the differences between ‘proceed VFR’ and ‘proceed visually X 
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G. 071 Operational Procedures 

 

Note: Learning objectives (LOs) for Operational Procedures (071) relevant to aircraft operations 
under IFR are covered already in LOs for Airlaw (010), AGK-Instrumentation (022) & Radio 
Navigation (062) in this document. 
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H. Subject 092 IFR Communication 

Syllabus 
reference 

Syllabus details and associated LearningObjectives Instrument 
Rating (IR) 

090 00 00 00 COMMUNICATIONS  

090 01 00 00 CONCEPTS  

090 01 01 00 Associated terms  

090 01 01 01 Meanings and significance  

01 Define commonly used air traffic services (ATS) terms for stations. X 

02 Define commonly used ATS terms for communication methods. X 

03 Recognise the terms used in conjunction with the approach and holding 
procedures 

X 

090 01 01 02 Air traffic services (ATS) abbreviations  

01 – Define commonly used ATS abbreviations:  

–  flight conditions;  

–  airspace;  

–  services;  

–  time;  

–  VFR-related terms;  

–  IFR-related terms;  

–  miscellaneous. 

X 

090 01 01 03 Q-code groups commonly used in radiotelephony (RT) airground 
communications 

 

01 – Define Q-code groups commonly used in RT air-ground 
communications:  

–  pressure settings; 

–  directions and bearings 

X 

02 State the procedure for obtaining bearing information in flight. X 

090 01 01 04 Categories of messages  

01 Identify to which category of messages a type of message belongs and 
identify the associated priority indicator 

X 

090 02 00 00 GENERAL OPERATING PROCEDURES  

090 02 01 00 Transmission standards  

090 02 01 01 Transmission of letters  

01 Know the phonetic alphabet used in RT. X 
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Syllabus 
reference 

Syllabus details and associated LearningObjectives Instrument 
Rating (IR) 

02 Identify the circumstances when words should be spelt out. X 

090 02 01 02 Transmission of numbers  

01 – Describe the method of transmission of numbers: 

–  pronunciation;  

–  single digits, whole hundreds and whole thousands;  

–  state how numbers are transmitted in different circumstances 

X 

090 02 01 03 Transmission of time  

01 – Describe the ways of transmitting time:  

–  the standard time reference is the Coordinated Universal Time 
(UTC);  

–  using only minutes, or minutes and hours, when required. 

X 

02 Describe the different ways in which time is to be transmitted. X 

090 02 01 04 Transmission techniques  

01 Explain the techniques used for making good RT transmissions. X 

090 02 01 05 Standard words and phrases  

01 Define the meaning of standard words and phrases. X 

02 – Recognise, describe and use the correct standard phraseology for 
each phase of a VFR flight (consider communication with each 
type of aeronautical station):  

–  before taxi;  

–  taxi; 

– departure;  

–  en route;  

–  circuit;  

–  final;  

–  landing;  

–  after landing. 

X 

03 Recognise, describe and use the correct standard phraseology for 
each phase of an IFR flight, including PBN operations (consider 
communication with each type of aeronautical station):  

— before pushback or taxi;  

— pushback; 

 — taxi;  

— departure;  

X 



H. SUBJECT 090 COMMUNICATION 

S 

  

Page 138 of 145 

 

Syllabus 
reference 

Syllabus details and associated LearningObjectives Instrument 
Rating (IR) 

— en route;  

— approach;  

— final approach;  

— landing;  

— after landing 

04 Explain phraseology for the selective calling system (SELCAL) and 
aircraft communications addressing and reporting system (ACARS) 

X 

05 Explain traffic alert and collision avoidance system (TCAS) 
phraseology 

X 

090 02 01 06 RT call signs for aeronautical stations including use of abbreviated call 
signs 

 

01 Name the two parts of the call sign of an aeronautical station X 

02 Identify the call-sign suffixes for aeronautical stations X 

03 Explain when the call sign may be omitted or abbreviated to the use of 
suffix only 

X 

090 02 01 07 RT call signs for aircraft including use of abbreviated call signs  

01 Describe the three different ways to compose an aircraft call sign X 

02 Describe the abbreviated forms for aircraft call signs X 

03 Explain when aircraft call signs may be abbreviated X 

04 Explain when the suffix ‘HEAVY’ or ‘SUPER’ is used with an aircraft call sign X 

05 Explain the use of the phrase ‘Change your call sign to. X 

06 Explain the use of the phrase ‘Revert to flight plan call sign’. X 

090 02 01 08 Transfer of communication  

01 Describe the procedure for transfer of communication:  

— by ground station;  

— by aircraft. 

X 

090 02 01 09 Test procedures including readability scale  

01 Explain how to test radio transmission and reception. X 

02 State the readability scale and explain its meaning. X 

090 02 01 10 Read-back and acknowledgement requirement  

01 Describe the requirement to read back ATC route clearances. X 

02 Describe the requirement to read back clearances related to the runway in X 
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Syllabus 
reference 

Syllabus details and associated LearningObjectives Instrument 
Rating (IR) 

use. 

03 Describe the requirement to read back other clearances including 
conditional clearances. 

X 

04 Describe the requirement to read back other data such as runway, 
secondary surveillance radar (SSR) codes, etc 

X 

090 02 01 11 Radar procedural phraseology  

01 – Use the correct phraseology for an aircraft receiving a radar 
service:  

–  radar identification;  

–  radar vectoring; 

– traffic information and avoidance;  

–  SSR procedures 

X 

090 02 01 12 Level changes and reports  

01 Use the correct term to describe vertical position in relation to:  

— flight level (standard pressure setting); 

 — altitude (metres/feet on QNH);  

— height (metres/feet on QFE). 

X 

090 02 01 13 Data link messages  

01 List the different types of messages of the controller–pilot data link 
communications (CPDLC) function and give examples of data link messages 

X 

02 Describe a notification phase (LOG ON) and state its purpose. X 

03 Explain the phrases to be used: 

 — when voice communication is used to correct a CPDLC message;  

— in case of single CPDLC message failure;  

— when CPDLC has failed; 

 — when reverting from CPDLC to voice communication. 

X 

090 03 00 00 RELEVANT WEATHER INFORMATION  

090 03 01 00 Aerodrome weather  

090 03 01 01 Aerodrome weather terms  

01 – List the contents of aerodrome weather reports and state units of 
measurement used for each item:  

–  wind direction and speed; — variation of wind direction and 
speed; 

–  visibility;  

X 
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Syllabus 
reference 

Syllabus details and associated LearningObjectives Instrument 
Rating (IR) 

–  present weather;  

–  cloud amount and type (including the definition of cloud and 
visibility OK (CAVOK);  

–  air temperature and dew point;  

–  pressure values (QNH, QFE); 

– supplementary information (aerodrome warnings, landing 
runway, runway conditions, restrictions, obstructions, wind-shear 
warnings, etc.) 

090 03 01 02 Weather broadcast  

01 – List the sources (VOLMET and ATIS units) of weather information 
available for aircraft in flight, and describe situation(s) in which a 
pilot would normally obtain each 

X 

02 Explain the meaning of the acronyms ‘D-ATIS’, ‘ATIS’, and 
‘VOLMET’. 

X 

03 Explain and demonstrate how to decode ATIS messages. X 

04 Explain and demonstrate how to decode D-ATIS messages. X 

090 04 00 00 VOICE COMMUNICATION FAILURE  

090 04 01 00 Required action  

090 04 01 01 Action required to be taken in case of communication failure  

01 State the action to be taken in case of communication failure on a 
controlled VFR flight 

X 

02 Identify the frequencies to be used in an attempt to establish 
communication. 

X 

03 State the additional information that should be transmitted in the event of 
receiver failure. 

X 

04 Identify the SSR code that may be used to indicate communication failure X 

05 Explain the action to be taken by a pilot that experiences a communication 
failure in the aerodrome traffic pattern at controlled aerodromes. 

X 

06 Describe the action to be taken in case of communication failure on an IFR 
flight 

X 

07 Describe the action to be taken in case of communication failure on an IFR 
flight when flying in visual meteorological conditions (VMC) and the flight 
will be terminated in VMC 

X 

08 Describe the action to be taken in case of communication failure on an IFR 
flight when flying in instrument meteorological conditions (IMC). 

X 
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Syllabus 
reference 

Syllabus details and associated LearningObjectives Instrument 
Rating (IR) 

09 Explain the causes and possible safety impacts of a blocked frequency X 

090 05 00 00 DISTRESS AND URGENCY PROCEDURES  

090 05 01 00 Signals and procedures  

090 05 01 01 Distress  

01 State the DISTRESS signal(s) and DISTRESS procedure(s). X 

02 List the content of a PAN MEDICAL message in correct sequence. Define 
‘DISTRESS Define ‘DISTRESS’.’. 

X 

03 Identify the frequencies that should be used by aircraft in DISTRESS X 

04 Specify the emergency SSR codes that may be used by aircraft, and the 
meaning of the codes 

X 

05 Describe the action to be taken by the station which receives a DISTRESS 
message 

X 

06 Describe the action to be taken by all other stations when a DISTRESS 
procedure is in progress 

X 

07 List the correctly sequenced elements of a DISTRESS signal/message and 
describe the message content. 

X 

08 Describe the use of discrete frequencies (DEF) in case of distress or urgency X 

09 State that DISTRESS messages take priority over all other messages X 

090 05 01 02 Urgency  

01 State the URGENCY signal(s) and URGENCY procedure(s). X 

02 Define ‘URGENCY’. X 

03 Identify the frequencies that should be used by aircraft in URGENCY X 

04 Describe the action to be taken by the station which receives an URGENCY 
message. 

X 

05 Describe the action to be taken by all other stations when an URGENCY 
procedure is in progress 

X 

06 List the correctly sequenced elements of an URGENCY signal/message and 
describe the message content. 

X 

07 State that URGENCY messages take priority over all other messages except 
DISTRESS. 

X 

090 06 00 00 VHF PROPAGATION AND ALLOCATION OF FREQUENCIES  

090 06 01 00 General principles  
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Syllabus 
reference 

Syllabus details and associated LearningObjectives Instrument 
Rating (IR) 

090 06 01 01 Spectrum, bands, range  

01 Describe the radio-frequency spectrum with particular reference to VHF.. X 

02 Describe the radio-frequency spectrum of the bands into which the radio-
frequency spectrum is divided 

X 

03 Identify the frequency range of the VHF band. X 

04 State the band normally used for aeronautical mobile service (AMS) voice 
communication. 

X 

05 State the frequency separation allocated between consecutive VHF 
frequencies 

X 

06 List the factors which reduce the effective range and quality of VHF radio 
transmissions. 

X 

090 07 00 00 Other communications  

090 07 01 00 Weather observations, Morse code  

090 07 01 01 Meteorological observations  

01 Explain when aircraft routine meteorological observations should be 
made. 

X 

02 Explain when aircraft special meteorological observations should be made. X 

090 07 01 02 Use of Morse code  

01 Describe and list Morse code.. X 

02 Find the Morse code identifiers of radio navigation aids (VHF 
omnidirectional radio range (VOR), distance-measuring equipment (DME), 
non-directional radio beacon (NDB), instrument landing system (ILS)) using 
aeronautical charts. 

X 

 

 

 

 


