AWR

Airborne Weather avoidance Radar is primary pulsed radar used for timely
detection and analysis of large rain clouds mainly cumulonimbus and to avoid severe
weather. Heavy turbulence, icing, hail and lightning are dangers to flying through or
close to cumulonimbus clouds. The AWR may also be utilized for ground mapping in
IMC or at night and also to display areas of heavy static and wind shear.

Principle of Operation. Range by pulse technigque (or echo principle) and
relative bearing by beam DF (or search light principle).

Theory of Operation. Radar pulses concentrated in the form of a beam when
transmitted are reflected back towards the transmitter if the wavelength matches with
size of reflecting objects like wet hail, large raindrops and ground. Large drops are
concentrated in a small area of a severe thunderstorm, therefore the storm is
displayed as a strong echo. The weather radar does not detect clouds,
thunderstorms or turbulence directly but detects precipitation associated with
thunderstorms and turbulence. A cloud that contains only small raindrops, such as
fog or drizzle, does not produce radar echo unless it matures to heavy rain cloud.

Frequency. Strong up-currents in cumulonimbus clouds support large rain
drops and hail. Radar transmissions of matching wavelength of 3 cm (around 10 GHz
frequency) provide adequate reflections and that can penetrate through other clouds
with smaller sized droplets.

Beam Shape. A conical beam for weather detection is produced mostly by a
flat plate antenna housed in a radome in the nose of the helicopter. Larger the
antenna, sharper is the beam width. Effective beam width of a 10” antenna is 10° and
of 18” is 5.6° giving circular area coverage at 50 nm range an approximate radius of
4.4 nm and 3.5 nm respectively. In the Ground Mapping Mode the shape is changed
to a fan shaped beam to provide larger area over ground.

Antenna Scan and Tilt. The radar beam generally scans in azimuth 60°
either side of the fore and aft
axis, searching in an area of
120° ahead of the helicopter. \
On certain equipment a facility to SCANE 180
sector scan is available. e o)

Selecting the required sector, s A
restricts the radar beam’s scan Ei  — ’

to only 60° and allows faster \ x
updates on rapidly changing -
areas of weather. This provides W

the crew with possibility for

better concentration on the area skm

of interest on the display. The

radar beam through a manual control in the cockpit, can tilted up or down up to 15° in
vertical plane with respect to the local horizon.

It would be appreciated that even at 0° tilt setting of the radar beam at a
certain range would strike the ground and some energy as ground clutter would be
reflected back. By effective antenna tilt management information of the weather
ahead can be correctly displayed. The height above ground of the helicopter and the
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range of the cloud would govern the tilt setting to obtain a display without the ground
returns. Helicopters flying at low level mostly would require an up tilt and will have

HEIGHT
(agl)
TILT 0°, BW 10°
14300 T0FAniena TILT 2° UP, BW 5.6°
’ 18” Antenna
7,400} TILT 0°, BW 5.6°
skm 25 nm 42 nm 87 nm

BEAM WIDTH, HEIGHT and ANTENNA TILT vs GROUND RETURNS RANGE

relatively shorter ranges free of ground returns.

The antenna tilt manually can be varied between + 15° referenced to the
horizon. A thumb rule for approximate calculation of the range at which the ground
returns would start appearing is:

Range (nm) = Ht above ground in Hundreds of feet / (Half BW — UP Tilt angle)

In some equipment a facility called Altitude Compensated Tilt (ACT) is
available which automatically adjusts the tilt based on the altitude and selected range
such that the radar beam points at the ground just short of the selected range. This
mode may also change the tilt control for finer control from the normal £15° to +2°.

Antenna Stabilization. It is important that antenna scan is maintained in the
local horizontal plane to detect the weather at the same level that of the helicopter. If
antenna scan is referenced to helicopters attitude, then as shown in the figure, during
a left bank, the extreme left of display would be ground returns, only the centre would
show the same level as the helicopter and extreme right picture would be of sky well
above the level of the helicopter. This is overcome by an electro-mechanical means
of controlling the beam
scan relative to Earth’s
horizon by using a gyro

reference.  Thus the WEﬁgg\E/FE*

display is kept clear of 'Fhe HELICOPTER

ground returns  during DISPLAYED
ON RIGHT

moderate manoeuvres. In % ‘

absence of gyro

stabilization of the GROUND

antenna scan, correct DISPLAYED I

: ON LEFT

picture would only be

available in level flight. AIRCRAFT BANKED LEFT

Genera”y the normal ANTENNA SCANS GROUND ON LEFT

. : And SKY ABOVE HELICOPTER ON RIGHT
scan angle in horizontal gy

plane is between 90° and

120°. Sector Scan facility, if available, limits the scan to almost half this area. It
reduces the scan time to and allows concentrate on the desired area for quicker
reviews.

Display. A dedicated display only for weather or a Multi Function Display
(MFD) may be used. On MFD, overlay of flight plan, traffic and lightning may be
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integrated with weather display. In coloured displays generally, four colours are used
to easily discern the different levels of severity of the weather. Based on rate of
rainfall and storm

category  (weak to !
extreme) the colours
change from black to
green to yellow to red WEATHER
and finally to magenta. DISPLAYED

: ON LEVEL OF
Area_s with steep LELCOTER
gradient - greater v , v
change in colour in e
shorter distance — are o e

associated with extreme
turbulence, large hall,

lightning, and extensive AIRCRAFT BANKS
: . ANTENNANOW SCANS ALONG HORIZON
gusting of winds. By CONTINUOUS ADJUSTMENT OF TILTANGLE|

Sensitivity Time Control (STC). A radar pulse after transmission is
progressively absorbed and scattered by atmosphere. The attenuation or weakening
the pulse is related to the distance travelled and intensity of precipitation. Distance
related attenuation is due to spreading; therefore as a storm is approached, it will
appear to be gaining in intensity. Stated in another way, with two similar storm cells
at different ranges the one at higher range would appear to be of lower intensity. This
effect is compensated by progressively increasing the receiver gain with firing of
each pulse transmission. This effectively results in progressively higher amplification
of returns from greater ranges and the targets do not appear to become intense as
range reduces. Weather attenuation compensation through STC circuitry is limited to
about 40 nm. This is also known as Swept Gain Control.

Attenuation due to the second cause, that is absorption by precipitation, is far
more intense and is less predictable. In heavy rain extending over large areas, the
radar beam may not fully pass through the area and get fully attenuated. In such a
case a radar shadow will appear indicating end of precipitation. In some cases
presence of other cells beyond this rage may be fully obscured. Hence it is advised —
never fly into radar shadows unless ground returns or another cell is seen beyond the
shadow. Proper management of antenna tilt control would be helpful.

Ground Mapping. Normal conical shaped beam would light up a small band
of area on ground which would reduce with increase in looking (depression) angle. It
is similar to holding a torch light at different angles in total darkness to see what lies
ahead. Sometimes, a fan shaped beam is used to cover a larger area, particularly
close to the helicopter’'s position. In such antenna transmissions, on selection of
ground mapping mode the beam changes to fan shape and reflected returns from
objects at a wider spread of ranges are received. The result is that almost full display
of the ground area ahead is covered on the indicator.

Returns from the ground objects closer to the helicopters are relatively much
stronger than the ones farther away for reason of attenuation due to range. This
results in display of similar objects at varying ranges, appearing smaller and weaker
at longer distances. This is overcome to an extent by reducing the signal strength of
transmission in the beam as the depression angle increases. Variation in signal
strength follows function of square of the cosecant of the depression angle, hence
also sometimes called the cosecant squired beam. This compensation is made
practically up to a limited range of about 70 nm.
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CONTROL UNIT. Different kinds of control units for AWR would be found for
various types available. Mostly the controls are available at the display unit itself in
CDUs. Basic functional controls that would be found either on a separate panel or as
part of the controls on CDU are indicated in the figure here. These are for
explanation only as number of variations in appearance and functionality on actual
equipment. The
brightness BRT
knob may be

GAIN MAP ' found as colour
/7 3 intensity control.
WV —
) The rotary
MIN 4DIBY, MR control for
selection of the
display’s

maximum range
as shown in the figure here, may be replaced by push buttons with increase »and
decrease darrow symbols. In weather (Wx) mode the receiver gain control is usually
kept in AUTO position and while using for ground mapping should be adjusted in
manual mode to obtain best picture. The function control shown here has positions
as standby, test, weather and map. These basic functions are always available along
with many other features in the modern equipment in use now. Finally the tilt control
rotary knob is used for adjusting the radar beam centre with respect to horizon. In
some cases the tilt angle may be displayed on the indicator providing accurate
setting and information. Tilt control is used to look for most severe and turbulent area
of the storm in relative to flight level and also to effectively remove unwanted ground
returns from the weather display. Estimation of top or base of a thundercloud can
also be made by gradually varying the tilt angle and observing when the cloud
returns just disappear. Using the value of the tilt angle thus found and the range,
height of the cloud top of base can be easily calculated. In some modern equipment
vertical profiling of a storm cell is also displayed by automatically varying the tilt angle
in steps during the weather scan itself.

OPERATION

Pre-flight Test. There is no radar transmission in Off, Standby or Test
modes. Specified testing procedure for the particular equipment should be followed
during pre-flight checks. The radar should never be turned
ON in close proximity of flammable materials and when
fuelling. In clear area on ground it may be turned on when
no person or object is present within area of 120° and up
to 10 feet ahead of the helicopter. A typical test pattern t’
display informs of the serviceability of the various
components through coloured bands and annunciator
indications specific to the AWR equipment. The figure here shows one such display.

In-flight. Most important factor in proper weather display is the tilt
management. In helicopters generally operating at low altitudes effect of Earth’s
curvature is minimal and the effective range is relatively less. Too low tilt setting
results in excessive ground or sea returns and a too high setting may totally avoid a
weather cloud. For quick identification of significant weather following steps are
recommended.
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1 In weather mode select appropriate range
related to height being flown.

.

1 Move antenna tilt control down until full display
is filled with ground returns — Figure A.

{1 Gradually raise the tilt up such that ground [ y O
returns cover about one thirds of the farthest Figure A
area — Figure B .

1 Strongest returns on the display if continue to e ; e U
be strong when closing in and appearing near 8 “ _
the middle of the display, must be treated as = NS
hazardous weather. If the strongest returns
progressively get weaker as they are
approached then may be from the ground or v
insignificant weather. Figure B *"

1 Any appearance of dark shadows, Figure C
irrespective of helicopters altitude, beyond
strong returns is indication of approaching a
storm cloud. It must always avoided and no
attempt to fly through such an area made. In
some equipment an alert to the pilot may be
provided by displaying a yellow coloured Path
Attenuation and Correction Alert (PAC Alert) ' P -
bar on the outer most range scale. FigureCc

In some AWRs featured with Altitude
Compensated Tilt Control (ACT), the above procedure is automatically carried out by
inputs of selected range and the required tilt. In this mode the tilt control for finer
tuning changes to * 2°.

Weather Avoidance. Severity of the drafts — up and down — in a
thunderstorm are related to water content and may be interpreted through displayed
target intensity. In areas coloured red the turbulence may be severe. Secondly, a
steeper gradient in colour
(rate rate of change in the
rainfall rate) of a target
signifies stronger
turbulence.

-
It is recommended #WA

that closed gradient echoes, STEEP GRADIENT SQUALL LINE
sharp edges and strong

echoes should be avoided
by at least 5 nm distance.
Vertical separation from a
cumulonimbus cloud must

be minimum 5000 feet and HOOK or FINGER
should never below such a
cloud. Along squall lines,
individual cells may be in
different stages of development and areas between intense echoes may contain

SCALLOPED EDGES
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developing clouds not having enough moisture to produce an echo. Therefore, pilots
must fly as far as possible from cells that are building up, even in green or black
areas. lIrregularities in the painted returns are also indication of related level of
turbulence. Shapes resembling hooks, fingers, or scalloped edges between green
and black areas may be seen in storm cell returns with or without other areas of
heavier rainfall. These should be avoided as heavy rainfall areas. Periodically larger
ranges should also be scanned when using radar for short ranges, because
thunderstorms develop rapidly. A clear track may have weather after a short time.

GROUND MAPPING AND INTERPRETATION

A secondary function of the AWR is ground mapping. radar system is ground
mapping, in the form of topographical features that can be used to supplement basic
navigation. The display’s contrast may be improved for better recognition of ground
features by fine manipulation of the Gain and Tilt controls.

Over water bodies most of the energy is refracted forward of the beam with
weak or no returns towards the antenna -
téz‘l displaying dark areas signifying no target.
Choppy sea surface reflects more energy and
stronger returns related to the sea state.
AANANNNAANANANNNNNANANNY
Over Terrain - The reflection from the
flat terrain is portrayed as a diffused target.
Reflected energy from undulating terrain is @:(/
scattered back toward the antenna resulting
in the distinct display of land features as well
as lakes, large rivers, bridges, shore lines and
ships. Reflections from high ground and hills Sl —
will have dark shadows at adjoining higher
ranges.
Looking Angle. The illumination area and detectable range depend on the
radar beam’s incident angle to the ground. Larger the incident angle, smaller is the
detectable range and larger is the illuminated area, as depicted in the figure. When

! >

-
==
-
-

beam is close to the normal to reflecting surface, like in mountainous terrain, a small
area is illuminated and stronger reflection increases
the detectable range. Hence in flat terrain ranges
obtained for ground mapping are relatively less than
those obtained in hilly regions.

In ground mapping made, some radars for
better target resolution use a shorter pulse length.
Also for ease of recognition the red colour is
replaced by magenta, as in the figure here. The
contrast between terrain and water bodies clearly
shows the outlines, but hill shadows may be
analysed with help of topographical maps.
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SPECIAL FEATURES

Weather radar has evolved from its early days as novel new technology to a
tool to provide an accurate and descriptive picture of the prevailing weather
employing digital technology and coloured multi-mode displays. Number of features
that have been added as operational capabilities to different equipment have made
the use of AWR simpler, increased confidence of the crew and enhanced safety in
general. Some of these features are enumerated here.

TARGET ALERT. The purpose of this feature is to alert the crew of the
presence of a significant weather cell that
exists beyond the currently selected range
and in weather mode. Suppose the selected
range is 80 nm and there is a storm cell at
115 nm, outside the selected display range.
In such an event an alert may be displayed
by an annunciator ‘TGT’ or two red arcs
appearing at the top of the display. A sample
of the latter type is shown in the figure here.
The cell beyond the selected range must be
at least of red intensity to issue a Target
Alert. The pilot may increase the display
range and analyse the weather further
ahead.

VERTICAL PROFILE FEATURE. Pilots through proper tilt manipulation may
be able to obtain pertinent information on vertical build-up and movement of a
thundercloud. While doing this they have to
relying on their ability to interpret the limited
display information and personal experience.
With the Vertical Profile feature of the AWR, a
direct means of displaying the vertical
characteristics of the storm cell — the relative
height, width and depth, its shape, vertical
development and the areas of most
concentrated precipitation - is readily
available to any pilot. Additionally, distinction
between ground or sea returns and actual
weather can be easily made. On a single indicator the display may be alternated
between normal azimuth display and vertical profile. In some displays a split picture
of both may be available. In dual indicator installations, the normal azimuth scan may
be viewed on one indicator and Vertical Profile on the other. With detailed weather
build up information on both planes being available, a three-dimensional mental
picture of the storm may be developed for safe navigation and selection of best route.

PROFILE STABO

AUTOMATIC RANGE LIMITING (ARL) is a
safety feature that alerts pilots of areas where storms
may be hidden behind other storms. The technique
highlights the areas that the radar cannot penetrate
due to signal attenuation. Typically, blue areas on the
far side of a series of severe weather systems (as two
blue radial areas depicted in the figure here) are
shown with the ARL facility selected. The pilots should
avoid flying into such areas for reasons of uncertainty
about the weather conditions in such areas.

The Rotary Wing Society of India Notes by: Gp Capt SK Manocha (Retd) skmanocha@rediffmail.com



Sometimes stronger returns in these areas may be visible in magenta colour. This
feature is also known as Rain Echo Attenuation Compensation Technique (REACT).

Multi-Scan Automatic Weather Radar. By automatic management of
antenna tilt and receiver gain in Multi-Scan weather radar system, the undesired
ground returns are virtually eliminated. The figure below shows the process from right

MERGE

GROUND

CLUTTER
SUPPRESSION

CONCEPT of MULTI-SCAN PROCESS

to left schematically. Raw information about the prevailing weather obtained from
multiple radar scans at different tilt angles, along selected track by the pilot, is stored
in system’s computer memory. Then using digital technology the complete weather
picture without the ground clutter is displayed on the indicator. Variations in
parameters as; lapse rate of ambient temperature, seasonal changes at different
geographical locations are considered while digitally processing the raw signals.
Optimum tilt angles are selected for the areas of best reflectivity in the storms based
on information on the geographical locations. Comparison of the two figures here
clearly brings out the advantage of using Ground Clutter Suppression technique in

Weather Masked By Ground Clutter Clutter Free Display of Weather (GCS)
obtaining a clutter free display of weather ahead.

BITE. A continuous check on transmitter power and receiver sensitivity is
maintained during flight by built-in test equipment. Regular checks on power supply,
computer memory and operational details for fault analysis are made. Any faults
detected are displayed on the indicator for crew to monitor.

Lightning Sensor System. A separate sensor system detects the rate of
vertical lightning in a geographical area. The range is determined through the signal
strength of discharge and its direction by direction sensing aerials. With each
discharge in computer memory a map is built up and displayed as an overlay of
lightning symbols on the AWR indicator.
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SUMMARY: AWR

AWR. An Airborne Weather avoidance Radar a primary radar fdimely
detection and analysis of cumulonimtiosdsand to avoidassociated
dangers to flying througlichclouds.

Principle. Range byulse technique (or echo principle) and relative bearing
beam DF (or search light principle).

Theory of Operation Radar pulses a beatransmitted onwavelength
commensurate with large water dro@etsreflected towards thetenna
associated weathis displayed. Different colours are indicative of leve
and intensity of the hazards.

Frequency and Beam 10 GHz and conical beam. Larger Antenna produc
sharper beam. Beam azimuth staf0° and vertical tilk 15° Tilt
management is key to propespthy of ground clutter free weather.

Antenna Stabilization Irrespective of attitude, antenna should scan in referer
to local horizon. Achieved by reference from a vertical gyro.

STC. By progressively increasing receiver gain, similar targetaydisgually

up to 40 nmDark areas beyond intense weather return must be avoided.

Control Unit. May be at Display Unit. Facilitates selection of Range, Operati
mode (Shy, Test, Wx, Map), setting of Gain and Antenna Tilt. On wea
mode Gain mudie on Auto and for mapping fine tuned manually.

Operation. Preflight BITE tess components and confirms serviceability
flight operation requires gradual adjustment of tilt setting based on r:
selected and flight agl. Steep gradient areas gmcedped shapes like
hooks, scalloped edges, squall lines must be avoided min by 5 nm. |
fly below a storm.

Ground Mapping. Water bodies by mirror like reflection produce black areas
no target Terrain return depends on the aspect of the tardgethen

7}

nce

bnal
ther

ange

Never

of

looking angle. Flat areas produce diffused returns but hills, rivers,

shorelines, towns, bridges, ships are clearly discernable.

Soecial Features Digital processing of the raw radar returns and compu
memory provide novel features like Target,Alertical Profile of Storm
Cells, Automatic Range Limitirgnd Multi-Scan Automatic Weather
radar.

[er
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SAMPLE QUESTIONS: AWR
AWR utilised for early detection of the storm cells in flight uses a.

(a) primary radar with CW transmission

(b) secondary radar with pulse transmission
(c) primary radar with pulse transmission
(d) secondary radar with CW transmission.

Turbulence in a rain cloud displayed on AWR is represented by presence of:

(a) steep gradient of colour that is, more number of colours in short
distance.

(b) large red (or magenta) colour areas.

(c) absence of green areas.

(d) diffused edges if red area.

A cumulonimbus cloud should be avoided by at least horizontally:

(@) 10 nm and never fly below it.

(b) 5 nm and minimum 2000 feet vertically.
(c) 5 nm and never fly below it.

(d) 10 nm and minimum 2000 feet vertically.

Clear and accurate picture of the weather can be obtained by:

(a) adjusting gradually tilt and gain from the minimum value.

(b) adjusting tilt progressively and keeping gain on auto position.

(c) by cutting off ground clutter by keeping tilt to 0°.

(d) setting tilt to 0° and adjusting the gain that only weather is displayed.

On some AWRSs a cosecant square beam may be available for use in:
(a) weather mode to cut off ground clutter.
(b) map mode to control intensity of targets at close range.
(c) map mode to obtain coverage of large area on the ground.
(d) weather mode to detect wind shear.

Azimuth resolution of an AWR depends on

(a) pulse length of transmission.

(b) beam width if transmission.

(c) azimuth scan angle of the antenna.
(d) tilt angle of the antenna.

Frequency of 10 GHz is suitable for AWR transmission to:

(a) use small sized antenna that can be accommodated in nose of the
helicopter.

(b) have adequate reflections from large clouds with turbulence.

(c) allow radar pulses to pass through all other clouds except
cumulonimbus.

(d) obtain sufficient energy reflection from large water drops.

The Rotary Wing Society of India Notes by: Gp Capt SK Manocha (Retd) skmanocha@rediffmail.com



8. Typical wavelength used in weather radar system is:
(@ 3 mm.
(b) 3 cm.
(c) 10 mm.
(d) 10 cm.

9. Flying at 1,000 feet agl. a storm cloud at 30 nm with strong intensity is visible
when tilt is fine tuned to 1° up. If the transmission beam width is 8° then these
strong returns are from the cloud section at:

(a) 6,000 agl.
(b) 3,000 agl.
(c) 7,000 agl.
(d) 4,000 agl.

10. Sensitivity Time Control or Swept Gain technique in context of AWR means:

(a) increase in range by increasing transmission power.

(b) progressively increasing the sensitivity of the receiver with
transmission of every pulse.

(c) increasing the receiver gain as the beam sweeps away from the fore
and at axis.

(d) controlling the receiver gain when attitude change takes place to
obtain radar returns relative to horizon.

11. A helicopter is flying at 1,000 feet above ground and has a storm cell
appearing at 45 nm on display range selected to 75 nm. If display scale is
now selected to 50 nm, to get proper return the tilt should:

(a) be reduced slightly.

(b) be increased slightly.

(c) not be disturbed.

(d) be increased or decreased based on last setting.

12. Larger the antenna diameter of AWR,

(a) wider is the beam width.

(b) larger is pulse length is required for transmission.
(c) shorter is the pulse length required for transmission.
(d) narrower is the beam width.

13. If facing a hangar or a person is within 10 feet in front of the helicopter the
AWR must not be selected to:
(a) test.
(b) standby.
(c) weather but may be selected to map.
(d) either weather or map.

14. When AWR beam is directed towards water body like lake, river or calm sea
surface it is painted as dark black area of ‘no signal. It is due to:

(a) water absorbing the radio energy and returns being too weak.

(b) the surface acting as a mirror and reflected all the energy away.
(c) the look angle varying to a large degree, hence very weak return.
(d) all the above
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15.

16.

17.

18.

19.

20.

Flying over uneven terrain and using AWR in map mode, the returns from
higher ground are stronger than the flat areas. This due to
(a) high ground and hills acting as mirror.
(b) flat ground acting as mirror and reflecting most of the energy away.
(c) higher absorption of the energy by the high ground.
(d) the rising ground being normal to the beam lesser area on ground
being illuminated.

Severity of up and down drafts is related to the water content in a thunder
storm. Therefore an assessment of associated turbulence can be made from
the:

(a) size of the area painted in red colour.

(b) the steepness of the colour gradient.

(c) shape and sharpness of the edges.

(d) all the above.

Absence of any returns beyond a strong weather return indicates:
(a) the storm cell is in dissipating stage.
(b) that a rain cloud is in developing stage.
(c) radar beam has not penetrated through and likelihood of adverse
weather..
(d) the range selected is more than optimal setting and gain should be
used on manual setting.

Target Alert facility is provided to caution the pilot about:
(a) severe weather that is not being displayed on indicator because of
strong returns by intervening heavy rain clouds..
(b) presence of adverse weather beyond the maximum range that is
selected for display .
(c) terrain that may be on the track and merging with weather returns.
(d) ground transmissions from an emergency locator beacon.

Multi-scan Automatic weather Radar has unique feature of displaying a
picture of weather free of the ground clutter by:
(a) automatic scanning the vertical sections of weather ahead and
discarding ground returns.
(b) multiple scanning of the same area to discern ground clutter and
suppress the same.
(c) digitally suppressing too strong returns of the terrain before display.
(d) progressively building up the scanned data in computer memory and
displaying only the weather.

BITE is the test facility provided in AWR which is meant;
(a) to be used only on ground for functional check of the equipment.
(b) for continuous check of transmitter, receiver and other airborne
components in flight.
(c) 1 both (a) and (b) above.
(d) none of the above.
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ANSWERS: AWR

Question | Option
1 C
2 a
3 c
4 b
5 b
6 b
7 d
8 a
9 d

10 b
11 C
12 d
13 d
14 b
15 d
16 d
17 c
18 b
19 a
20 b
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