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Chapter 1

Instruments and Systems

The definitions and regulations regarding day visual meteorological conditions (VMC) and
night VMC do not specify a clearly defined horizon. Night flight 1s instrument flight—
make no mistake. If there is no visual horizon, you are flying on the clocks. During the
day in reduced visibility and over level terrain, you may get away with a vertical reference
below the airplane as a guide to airplane attitude and flight path. At night, it is too risky.
Uneven distribution of lights and stars gives subtle but misleading cues as to which way is
up, which way is down, and whether or not the airplane is level. You must fly attitude on
mstruments and be able to do so competently when talking on the radio, reading charts,
writing down instructions, and looking for ground features and other traftic.

Flight instruments fall functionally into three categories: pressure instruments, gyroscopic
instruments, and compass instruments. Pressure instruments include the airspeed indicator
(ASI), the alumeter, and the vertical speed indicator (VSI). Gyroscopic instruments
include the attitude indicator (Al), the heading indicator (HI), and the turn indicator or
turn coordinator. Compass instruments use a magnetic reference. In support of the flight
istruments are the pitot-static system, the vacuum system, and the electrical system. All
of these are brought together by the greatest aid to the pilot—the autopilot.

Pressure Instruments

Red line
W\ .
Airspeed Indicator Nigh apseeEn

The airspeed indicator displays indicated airspeed KNOTS

(IAS). Indicated airspeed is a measure of dy- Oy
namic pressure, which is the difference between
the total pressure of the pitot head and the am-
bient static pressure. The airspeed indicator will
have the following specific speeds marked on it:
* Vg,—stall speed at maximum weight, land-

ing gear down, flaps down, power off;

3

%,
" po Vre o
'Mmal gperatin®

* Vg;—stall speed at maximum weight, land- Figure 1-1 ASI.
ing gear up, Haps up, power off;

* Vgg—maximum speed, flaps extended;

* Vno—maximum structural cruise speed (for normal operations); and

* Vng—never-exceed speed (maximum speed, all operations).



Part 1: Refresher

In addition to showing indicated airspeed, some air- Altitude 7,000 ft
S ‘ ~ Temp +10°C

speed indicators are able to show true airspeed (TAS). P
These ASIs have a manually rotatable scale to set outside

air temperature (OAT) against altitude, allowing the pilot i
to read TAS as well as IAS. A'RSE)EE‘D

Airspeed Indicator Errors

Density Error

Density error occurs any time an airplane is flying in
conditions that are other than standard atmospheric con-
ditions (ISA) at sea level. This is why the airspeed indi-
cator does not indicate TAS.

TAS 147 knots
Figure 1-2 [AS/TAS indicator.

Compressibility Error
Compressibility error increases with airspeed but is only relevant above 200 knots.

Position Error

Position error occurs because of pitot-static system errors. Errors vary with speed and
attitude and include maneuver-induced errors. Pressure error correction (PEC) is shown in
the pilot’s operating handbook. Indicated airspeed corrected for pressure and instrument
error 1s called calibrated airspeed (CAS).

Instrument Error

Instrument error is caused by small manufacturing imperfections and the large mechan-
ical amplification necessary for small, sensed movements. Instrument error is insignifi-
cant in general aviation (GA) airplanes.

Altimeter

The altimeter converts static pressure at the level of the airplane to register vertical dis-
tance from a datum (the reference from which a measurement is made). At lower alti-
tudes, a one inch decrease in pressure indicates approximately 1,000 feet gain in altitude.
For all operations in the U.S. below 18,000 feet, the local altimeter setting 1s used. Since
the height of terrain and obstacles shown on a chart is above mean sea level (MSL), this
becomes your altitude reference. At or above 18,000 feet MSL, standard pressure (29.92
in. Hg) is set and flight levels are reported to the nearest 100 feet (e.g. 11,500 feet is
FL115), although cruising levels are usually whole thousands of feet (e.g. FL120). For
all operations below 18,000 feet (the transition altitude), pilots are required to use the cur-
rent local altimeter setting and then set 29.92 in. Hg when climbing through
18,000 feet. The setting is changed from standard pressure to the local altimeter setting
when descending through FL180 (the transition level ).
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At or above 18,000 feet MSL, set 29.92 in. Hg
in the pressure window. Below 18,000 feet MSL,
set the local altimeter setting in the pressure windouw.

Altimeter Errors

Barometric Error

Barometric error is induced in an alimeter when
atmospheric pressure at sea level differs from
standard atmospheric conditions. The correct set-

ting of the barometric subscale removes the error.

Temperature error is induced when the tempera-
ture (density) differs from standard atmospheric
conditions. Note that there is no adjustment.

Position Error
Position error occurs because of static system errors and is minor. Errors vary with speed
and attitude and include maneuver-induced errors.

Instrument Error

Instrument error 1s caused by small manufacturing imperfections and is mnsignificant.

Lag
Lag occurs when the response of the capsule and linkage is not instantaneous. The altim-
eter reading lags slightly when altitude 1s increased or decreased rapidly.

Altimeter Check
Whenever an accurate local altimeter setting is available and the airplane is at an airfield
with a known elevation, pilots must conduct an accuracy check of the altimeter before
takeoft. The altimeter is checked by comparing its indicated altitude to a known eleva-
tion using an accurate local altimeter setting. The alumeter should indicate site elevation
within 75 feet; if it doesn’t, have a mechanic inspect the altimeter prior to takeoff.
When operating out of a tower-controlled airport, you will have access to an accurate
local altimeter setting; however, you may need to make an allowance for the difterence
between the airfield reference point and the position of your airplane at the time. Basi-
cally, a local altimeter setting that is provided by a tower, ATIS or remote-reporting
airfield sensor can be considered accurate.
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SUNSE'T
1O
SUNRISE
Night Flight Techniques
by David Robson

Night flight is one of the most pleasant forms of
flicht. Every city looks good at night. The sparkling
lights, stars. moon and reflections combine to produce a
spectacle that many of us earthlings only dream about.

Night flight is not visual flight. The aircraft is flown
by reference to the flight instruments but may be
positioned using visual references in visual conditions.
When there 1s little visual information it 1s a test for
even the experienced pilot and should be taboo for the
inexperienced. The privilege to enter this dark realm
has stringent criteria. Night flight 15 not difficult but it
must be properly pldnm.d and prepared. It is a time
when your assistant pilot can be the greatest help or the
greatest hindrance.

This book will prepare you for the unique consider-
ations involved with night operations with information
and practical techniques on:

* Flying on mstruments

* Weather

* Human factors, including night vision, fatigue,

hypoxia, and more

* The regulations governing night operation

» Prefhight preparations

» Aircraft and airport lighting

* Cross-country planning, navigating using both

pilotage and dead reckoning

* Takeoffs and landings

» Emergency situations

You will come away equipped with the knowledge,
skills and confidence to enjoy the night flight
experience to the fullest!
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