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Distance, Rate and Time

The Wright brothers used many calculations to create
their flying machine. The following formulas are
examples of some calculations commonly performed
by flight personnel today.

distance = rate x time

or
d=rt

This formula is used to find the distance a plane will
fly on a trip. It can also be used to find the speed of the
plane when the distance and time are given, or to find
the time when the distance and speed are given.

Distance was one measure of success for the Wright
brothers. Distance usually is measured in miles. Rate,
or speed, usually is measured in knots, or nautical
miles per hour. Nautical miles are greater than ground
miles due to the earth’s curvature. A nautical mile is
6080.27 feet. A ground mile is 5280 feet. Time usually
is measured in hours.

Example:

A plane travels at 350 knots (nautical miles per hour)
for 3 hours. How many nautical miles will the plane

travel?

Solution:
d=rt
d=350x3
d =1,050

Since rate and time both have been measured in
hours, multiplication is all that is necessary.

The plane will travel 1,050 nautical miles.

Exercise 1:

A plane travels 500 knots for 4 hours. How
many nautical miles will the plane travel?

Exercise 2:

A plane travels 2,550 nautical miles in a 5-
hour trip. What is the speed of the plane?
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Center of Gravity

The Wright brothers used a canard to control the front e s S U s s e i i e
of the plane. A canard is a flap that directs the wind up nop{ CENTEROF GRAVITY [ Lttt
_ . z || _MOMENT ENVELOPE | i ]
or down so that the plane does not dive or climb out of 2 am T esasss T A
control. The canard affected the center of gravity, the ; 2100 ;
point where the weight of the plane is concentrated. é 2000 -
Modern engineering proved that a canard could be |[£ ww — /
s . . & 7740)63&-'_; ,/
replaced by similar flaps on the wings, moving the |£ wop—o—1—1 O 7 B
plane’s center of gravity toward the middle of the % 1700 e
plane. This improved flight performance. The center of S e ‘,/ / -
gravity still 1§ calculated by flight engineers today. 1500 Lt L — L L L
The formula is: LOADED AIRCRAFT MOMENT/1000 (POUNDS-INCHES)
Total moments Center of Gravity Moment Envelope for a Cessna 172N.

cg= -
Total weight
where c.g. is the center of gravity. This is important so  The pilot then refers to a graph called the Center of
that the plane is balanced side-to-side and front-to- Gravity Moment Envelope to see that 82.1 falls with-
back. Balancing the plane puts equal force on each in the Normal category for the calculated weight and
wing and equalizes the force between the nose and the moment.
tail of the plane.

A moment is force an object creates based on its weight
and position in the plane. A heavy item placed farther
from the center of gravity will create a higher moment.

Example:

A pilot has added the weights and moments for the
following: Plane weight when empty, Weight of pilot
and passengers, Baggage, Oil and Fuel. The total

weight of the items is 1,317.5 pounds. The total of Exercise 1:
their moments is 108200. Find the center of gravity.
Round answer to the nearest tenth. Calculate the center of gravity for a total weight

of 2275 and a total moment of 100,000.
Solution:

_ Total moments Exercise 2:

Total weight
_ 108,200 Calculate the total moment given a center of
T ,317.5 gravity of 78.5 and a total weight of 8,000.

cg =821
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Atmospheric Pressure

The early flights of the Wright brothers were typically
10 to 12 feet above the ground. It was five years later,
in 1908, before their flying machine could reach an
altitude of 100 feet. Today commercial jets fly 30,000
to 40,000 feet. At such high altitudes, the atmospheric
pressure is much different. Flight personnel calculate
the atmospheric pressure using the following formula,
where a is the altitude of the plane, measured in feet,
and p is the atmospheric pressure, measured in pounds
per square inch.

2
a 65a
905 [(1,000) - 1,000]

2
a a
+
(1,000) 40 (1,000)

p=

Exercise 1:

Calculate the atmospheric pressure for a plane
flying at 5,000 feet.

Exercise 2:
Calculate the atmospheric pressure for a plane

flying at 20,000 feet.

Round answers to the nearest tenth.

Example:

Calculate the atmospheric pressure for a plane flying
at 10,000 feet. Round answer to the nearest tenth.

2
a 65a
905 [(1 ,ooo) - 1,000]

o a g a
(1,000) "0 (1,000)
0 05 [(10.000 > 65(10,000)
' ( 1,000) 1,000
p= 5
10,000 10,000
—_— + 40 —_—
(1,000) (1,000)
-9.05 [(10)°- 65(10)]
p =
(10)? + 40(10)
-9.05[100 - 650]
p =
100 + 400
_ -9.05[- 550]
500
4,977.5
p =
500
p=9.955=10.0

The atmospheric pressure is 10.0 pounds per square

inch.
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Time Zones 1

The first successful flight of the Wright brothers lasted
59 seconds covering 852 feet. Today airplanes fly for
hours across the country and around the world.

The continental United States is divided into four
time zones. When it is 10:00 a.m. in the Eastern time

)

Pacific

Eastern
Standard

Time
(CsT)

zone, it is only 7:00 a.m. in the Pacific time zone.

In aviation, time is represented without the a.m. or p.m.
Time is given with four digits. The left two indicate the
hour, the right two indicate the minutes. 7:00 a.m.
would be 0700. 10:00 a.m. would be 1000. Since there
is also 7:00 p.m., time is measured on a 24-hour basis.
7:00 p.m. would be 12 hours past 7:00 a.m., so 7:00
p.m. would be 0700 + 12 hours. The 12 would be
added to the hours digits, giving 1900. This would be

The four Time Zones of the continental United States.

read nineteen hundred hours. 0700 would be read O Exercise 1:

seven hundred hours. This format is most commonly

used in the military and is therefore called military An airplane leaves an airport in the Pacific

time. standard time zone at 1230 PST for a 5-hour
flight to a destination in the Eastern standard

Example: time zone. What is the expected time of land-
ing?

An airplane leaves an airport in the Central standard

time zone at 0730 CST for a 2-hour flight to a desti- Exercise 2:

nation in the Mountain standard time zone. What

time is the airplane expected to land? An airplane leaves an airport in the Mountain
standard time zone at 1515 MST and arrives at

Solution: 1645 PST. How long is the flight?

0730 + 2 hours = 0930 CST
Exercise 3:
Mountain time is one hour earlier than Central time,

so subtract one hour to convert 0930 CST to An airplane leaves an airport in the Eastern

Mountain standard time. standard time zone at 5:15 p.m. EST for a 50-
minute flight to a destination in the Central

0930 — 1 hour = 0830 MST standard time zone. What time is the airplane

expected to land?

The airplane is expected to land at 8:30 a.m. MST.
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Time Zones 2

All time zones around the world are based on
Greenwich (Gren-itch) Mean Time, the time in
Greenwich, England. Greenwich Mean Time, referred
to as Zulu time, is five hours ahead of the Eastern time
zone.

Example:
Give the Zulu time for 0945 EST.

Add 5 to the hours digits (left 2) of the Eastern time.
0945 + 5 hours = 1445 Z

The Zulu time is 1445 Z.

Exercise 1:

Give the Zulu time when it is 4:30 p.m. MST.

Exercise 2:

Give the Zulu time when it is 8:15 p.m. CST.
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Headings 1

Wilbur and Orville Wright were constantly correcting their flying machine’s direction, or heading, during their
flights. They were able to do this by pulling cables attached to flaps and flexible wings.

Direction or heading is measured in degrees starting from due north, progressing clockwise. Pilots use an instru-
ment called the heading indicator to monitor the plane’s direction. To calculate the heading, multiply the head-
ing indicator reading by 10.

Give the headings shown by these heading indicators.

Examples:

A.

Solutions:
A. 3 x 10 =30° B. 21 x10 = 210° C. 27 x 10 = 270°
Exercise 1: Exercise 2:
Complete the heading indicator to show a Complete the heading indicator to show a

heading of 60°. heading of 190°.
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Headings 2

The first runway was a sandy beach in Kitty Hawk, North Carolina. The Wright brothers chose this for soft

landings, no obstacles and plenty of wind. Today airports have multiple runways. Each is clearly marked with
its heading.

Example:
NAL
¥ Runway 18 indicates a heading of 180°.
Y (18 x 10 = 180)
8|l
Runway 36 indicates a heading of 360°.
(36 x 10 = 360)
(Note: A heading of 360° is the same as 0°, but airports do not
designate any runways as Runway 0.)
36 Wind direction determines which runway is used for take-off
YN and landing. Planes fly into the wind to take off and land.
Exercise 1: Exercise 2:
Using a protractor, draw and label a runway Using a protractor, give the headings for both
with a heading of 50°. Label the opposite directions for this runway.
direction also.
NJ\
\
\
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Aimospheric Pressure and Altitude

The early flights of the Wright brothers were typically 10 to 12 feet above the ground. It was 5 years later, in
1908, before their flying machine could reach an altitude of 100 feet. Today commercial jets fly 30,000 to
40,000 feet. At such high altitudes, the atmospheric pressure is much different.

Atmospheric pressure decreases approximately 1 inch of mercury (Hg) per 1000 feet of altitude gained.
Lowering the altimeter setting lowers the altitude reading. If a pilot makes the following changes to the

altimeter setting, what is the approximate change in altitude?

Example: Setting changed from 30.18” to 29.86”.

Solution:

29.86 — 30.18 = -0.32

17 032

1000’ X

X =-320

X = 320 feet lower

Exercise 1:

Setting changed from 29.25” to 29.95”.

Exercise 2:

Setting changed from 30.30” to 29.41”.

Exercise 3:

Setting changed from 30.00” to 29.67”.
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The rate at which a plane descends is referred to as
the slope of descent. It is defined the same as the
slope is in graphing:

S| Change in y (vert.) direction rise
ope = -
P Change in x (horiz.) direction

run
The slope of descent often is given as a percent.
Example:

Find the approximate slope of descent, expressed as a
percent, if a plane is flying at 31,300 feet, intending
to land 60 miles away. The elevation of the landing
site is 2500 feet.

Solution:

Using a diagram, we can determine

rise (or descent)

run
31.300°
C‘a/e}
2:500 ! T s

The plane will descend
31300 feet — 2500 feet = 28800 feet

over 60 miles.

Ratios compare like units. To create the ratio of the
slope, 60 miles must be converted to feet.

0
— = 316,800 feet
1 mile

60 miles x

The ratio for the slope is

28,800 feet + 28,800 1

316,800 feet = 28,800 11

This means for every 1 foot the plane descends, it cov-
ers 11 feet, or for every 1 mile the plane descends, it
covers 11 miles. Since a ratio is a comparison of like
units, we can use feet or miles to describe the ratio.

The slope of descent
is often given as a

.0909 =.091 =9.1%
11)1.0000

percent. To convert '/ 99

to a percent, convert 10
to a decimal by divid- 0
ing, then move the 100
decimal point 2 places 9—?

to the right.

Exercise 1:

Find the approximate slope of descent,
expressed as a percent, if a plane is flying at
23800 feet, intending to land 50 miles away.
The elevation of the landing site is 1000 feet.

Exercise 2:

Find the distance in miles needed to land a plane
flying at 40000 feet if the landing site is at 2000
feet elevation and the slope of descent is 20%.
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Headwinds and Tailwinds 1

The Wright brothers needed strong winds to create lift
for the wings of their flying machine. They experi-
mented in winds as strong as 30 miles per hour. To
study the effect of wind on the wings of an airplane,
they built a wind tunnel. It was 6 feet long and 16 inch-
es square. A small engine similar to our lawn mower
engines powered a fan at one end to create various
wind speeds.

A tailwind is wind moving in the same direction as
the airplane. This pushes the plane, increasing the air-
plane’s speed.

A headwind is wind moving in the opposite direction
of the airplane. This slows the airplane’s speed.

Airplane speed is commonly measured in knots, or
nautical miles per hour. Due to the curve of the
earth’s surface, a nautical mile (6080.27 feet) is
greater than a ground mile (5280 feet).

Exercise 1:

A plane’s speed in still air is 400 knots. The
speed of a headwind is 35 knots. Calculate the
speed of the plane traveling into the headwind.

Exercise 2:
A plane’s speed in still air is 210 knots. The

speed of a tailwind is 15 knots. Calculate the
speed of the plane traveling with the tailwind.

Example 1:

A plane’s speed in still air is 275 knots. The speed of
a headwind is 25 knots. Calculate the speed of the
plane traveling into the headwind.

Solution:

To find the speed of a plane traveling into a head-
wind, subtract the headwind speed from the plane’s
speed in still air.

275 - 25 =250

The plane is traveling at 250 knots.

Example 2:

A plane’s speed in still air is 275 knots. The speed of
a tailwind is 25 knots. Calculate the speed of the
plane traveling with the tailwind.

To find the speed of a plane traveling with a tailwind,
add the tailwind speed to the plane’s speed in still air.

275 + 25 =300

The plane is traveling at 300 knots.
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Headwinds and Tailwinds 2

Example:

With a tailwind, a plane travels 210 miles in 45 minutes. With a headwind, it travels 210 miles in one hour.

Find the speed of the plane in still air.
Solution:

Since knots are nautical miles per hour, we should change the minutes to hours.

1 hour _ 45 + 15
60 minutes 60 + 15

(o, -y Rate x Timein hours = Distance

Tailwind [ p+w x % hour = Y(p +w)

=34 hour

45 minutes x

p—-w

Headwind | p—w X 1

In the chart above, p represents the speed of the plane in still air; w represents the speed of the wind.

(Note: Because the distance in both situations (tailwind and headwind) is 210 miles, the two equations for dis-

tance can be set equal.)

Vapt+tw)=p-w

4[% (p + W)] = 4(p — W) to clear the fraction
3(p+w)=4(p—-w)

3p + 3w =4p — 4w

3w =4p—-4w - 3p

3w =p — 4w
3w+4w =p
w=p

The plane traveled 210 nautical miles with the tailwind and 210 nautical miles with the headwind. Use either dis-
tance from the chart equal to 210, substituting 7w for p to find w, the speed of the wind:

p—w=210
7w—w =210
6w =210 The wind speed is 35 knots.

("/e)ew = 210(/6)
w =235
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To verify this, use the tailwind distance.

Ya(p + w) = 210
Ya(7Tw +w) =210
%4(8w) = 210

6w =210
(/e)ew = 210("/6)
w =35

To find the speed of the plane, use either distance from the chart.
p—w=210
Substitute 35 for w:
p-35=210
p=210+ 35
p =245
The speed of the plane is 245 knots.
Ya(p + w) = 210

This can be verified by using the other distance similarly:
Substitute 35 for w:

Y(p + 35) = 210

Student Lessons

4[%(p + 35)] = (210)4

3(p + 35) = 840 Exercise 1:

113[3(p + 35)] = (840)'/3

p + 35 =280 With a tailwind, a plane travels 227 nautical
p=280-35 miles in 30 minutes. With a headwind, it travels
p =245 207 nautical miles in 30 minutes. Find the

Exercise 2:

speed of the plane in still air.

With a headwind, a plane travels 270 nautical
miles in one hour. With a tailwind, the plane
travels 220 nautical miles in 40 minutes. Find
the speed of the plane in still air.
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Crosswinds

The heading of a plane is the direction in which the plane is pointed, while the course of a plane is the direc-
tion of its actual path, which is not necessarily the direction in which the plane is pointed.

Wind often causes a plane to drift from its heading or direction. To stay on course, the Wright brothers constantly
adjusted the heading of their flying machine by pulling cables attached to flaps and the flexible wings.

Pilots must calculate the effect the wind will have on the plane so that they can set the automatic navigation sys-
tem at the correct heading. The diagram illustrates the effect of a crosswind, a wind blowing against the side of

the plane.
B D In still air, a plane would travel due east along AC.
With a crosswind blowing in the direction of AB, the
plane actually travels in the direction of AD. AD is
called the course of the plane.
A C

ZCAD is called the drift angle.

Example:

Find the course, the speed in the wind, and the drift angle of a plane headed at 130° when flying at 240 knots
in still air if there is a crosswind of 30 knots blowing from direction 40°.

Draw a diagram of the situation.

/D /AXC is the drift angle.
L /AXB = 40° + 180° — 130° = 90°
XL “ \130°  original

30 heading
B Using alternate interior angles:
/CAX =/AXD
drift angle /AXD = 180° — ZAXB = 180° — 90° = 90°
A /CAX =90°

course C




Math In Flight 17 Student Lessons

Using AXAC and the Law of Cosines
c’=a +b —2ab cos 0,
XC*=AC” + XA? - 2AC « XA cos A
XC® = 30" + 240° — (2 + 30) * 240 cos 90°
XC? =900 + 57,600 — 0 = 58,500
XC =241.9

or, using the Law of Sines:

sinZAXC _ sinZCAX

AC XC
sinZAXC _ sin 90° _ 1
30 241.9 241.9
301

sin/Z/AXC = ———— =0.1240
241.9

LZAXC =7.1°

The course of the plane is 130° + 7.1° = 137.1°.
The plane is traveling at 241.9 knots with a drift angle of 7.1° and a course of 137.1°.

Exercise 1:

A pilot is to fly on course 72° in a wind blowing 40 knots from direction 134°. If the plane’s speed is
220 knots in what direction must he head the plane and what will be the speed of the plane in the wind?
Exercise 2:

A plane is headed in direction 120° with a speed of 180 knots in still air. The course is 105° with a
speed in the wind of 160 knots. Find the speed and direction from which the wind is blowing.

Round answers to the nearest tenth.
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Distance, Rate and Time

Exercise 1

d=rt
d=500x4
d =2,000

Center of Gravity
Exercise 1

_ Total moments
Total weight
_ 100,000
2,275

cg=44.0

Atmospheric Pressure
Exercise 1

Exercise 2
d=rt
2,550 =r (5)

2,550 _ 1 (5)
5 5

510=r

Exercise 2

_ Total moments

Total weight
_ X
78.5 = 8000
8,000 (78.5) = X

628,000 = X

2
a 65a
905 [(1,000) - 1,000]
i a g a
(1,000) +40 (1,000)
005 | [ 8:000 °  65(5,000)
' (1,000) 1,000
= 2
5,000\" o (5,000
1,000 1,000
_ -9.05[(5)"- 65(5)]
(5)% + 40(5)
_ -9.05[25 - 325]
25 + 200
_-9.05[-300]
225
2,715
p =
225
p=12.1

The atmospheric pressure is 12.1 pounds per square inch.
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Exercise 2
2
a 65a
9.0 [(1 ,ooo) - 1,000]
p= 2
L + 40 L
1,000 1,000
0.05 [ (20,000 : _ 65(20,000)
' ( 1,000 ) 1,000
p= Z
20,000 20,000
—_ + 40 —_
(1,000) (1,000)
-9.05 [(20) - 65(20)]
p =
(20)? + 40(20)
-9.05 [400 - 1,300]
p -
400 + 800
_ -9.05[-900]
P 1,200
_ 8,145
1,200
p=6.8

The atmospheric pressure is 6.8 pounds per square inch.

Time Zones 1
Exercise 1

1230 + 5 hours = 1730 PST

Eastern time is three hours later than Pacific time, so add three
hours to convert 1730 PST to Eastern standard time.

1730 + 3 hours = 2030 EST

To give the time using p.m., subtract 12 hours from 2030 EST

2030 - 12 hours = 0830

The airplane is expected to land at 8:30 p.m. EST.
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Exercise 2
Convert Mountain time to Pacific time.

1515 - 1 hour = 1415
The airplane is leaving at 1415 PST.

Subtract the two PST times to find the length of the flight.
1645 - 1415 = 0230

The flight took 2 hours and 30 minutes.

Exercise 3

Convert 5:15 p.m. to military time.

0515 +12 hours = 1715 EST

Add the time of the flight.

1715 + 50 minutes = 1765 EST

17 hours and 65 minutes would actually be
17 + 1 hour + 5 minutes or 1805 EST.

Central time is one hour earlier than Eastern time, so subtract
one hour to convert 1805 EST to Central standard time.

1805 — 1 hour = 1705 CST

Since this is past 12 noon, subtract 12 hours to give the time
using p.m.

1705 — 12 hours = 0505.
The airplane is expected to land at 0505 or 5:05 p.m. CST. This
is interesting since the departure time was 5:15 p.m. EST. It

appears the airplane will land before it takes off.

Time Zones 2
Exercise 1

Convert to military time.

0430 + 12 hours = 1630 MST

In the Eastern time zone, it would be

1630 + 2 hours = 1830 EST

Zulu time is 5 hours later or “ahead”, so add 5 hours.

1830 + 5 hours = 2330 Z

It is 30 minutes before midnight in Zulu time.

19 Student Lessons

Exercise 2

Convert to military time.

0815 + 12 hours = 2015 MST

In the Eastern time zone, it would be

2015 + 1 hour = 2115 EST

Zulu time is 5 hours later or “ahead”, so add 5 hours.
2115 + 5 hours = 2615 Z

Since there are only 24 hours in a day, subtract to find how far
into the next day it is in Greenwich, England.

2615 — 24 hours = 0215
Itis 0215 Z or 2:15 a.m. the next day in Greenwich, England.

Headings 1
Exercise 1

To find the heading given the heading indicator reading, we multi-
ply by 10. Since this time we know the heading and want to find
the reading, we do the opposite of multiplying. We divide by 10.

60+10 = 6

The heading indicator points to 6 when heading 60°.
Exercise 2

To calculate the heading indicator reading, divide the heading by
10.

190+10=19

South is 180°. The heading indicator points to the left of South,
closer to South than 21, indicating 10° past S.
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Headings 2
Exercise [

Begin with a line representing due north.

Draw a 50° angle from the north line.

Label the lower end by dividing 50° by 10 = 5.
The other end of the runway is 180° + 50° = 230°.

Divide by 10. Label that end 23.

NA

Exercise 2

Use a protractor to determine that the lower end of the runway
forms a 150° angle with the North line. Planes heading toward
this runway are actually heading 150°.

Divide by 10 (150°/ 10 = 15) to obtain the label for this runway,
labeling it near the arrows that point in the 150° direction.

Planes heading toward the other end of the runway are actually
heading 150° + 180° = 330°. Divide by 10 (330/10=33) to calcu-
late the marking for this runway.

NA

N

3’5\
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Pressure vs. Altitude
Exercise 1

29.95-29.25=0.75
17 0.75”

1000’ X

X =750 feet higher

Exercise 2

29.41-30.30 = -0.89
1 089

1000’ X

X =-890
X =890 feet lower

Exercise 3

29.67 —30.00 = -0.33
033

1000’ X
X =-330
X =330 feet lower

Slope of Descent
Exercise 1

. . . rise (or descent)
Using a diagram, we can determine —— .
run

23,800’
St )

1,000’

50 miles
0

The plane will descend

23800 feet — 1000 feet = 22800 feet over 50 miles.

To create the ratio of the slope, 50 miles must be converted to
feet.
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80
50 miles x 1 = 264,000 feet
e

The ratio for the slope is

22,800 feet + 12,000 _ 19

264,000 feet + 12,000 220

To convert to a percent, first convert to the decimal format by
dividing, then move the decimal point 2 places to the right.

.0863 = .086 = 8.6%
220)19.0000
1760

1400
1320

800

660

140

Exercise 2

descent

20
20% means 20 per 100 or — . This is the ratio of the
100 run

To find the amount of descent, subtract the elevation of the land-
ing site from the height of the plane.

40,000 — 2,000 = 38,000

Th rtion i 20
e proportion is: — =
Prop 100

38,000
X

Use cross products to solve.
20X = 100(38,000)
20X = 3,800,000

20X _ 3,800,000
20 20
X = 190,000 ft.

To convert to miles,

1mile _ 190,000

"~ 5280

190,000 ft. x
5,280

= 36.0 miles

21

Student Lessons

Headwinds and Tailwinds 1
Exercise 1

To find the speed of a plane traveling in a head wind, subtract the
head wind speed from the plane’s speed in still air.

400 - 35 =365

The plane is traveling at 365 knots.

Exercise 2
To find the speed of a plane traveling in a tail wind, add the tail
wind speed to the plane’s speed in still air.

210 +15=1225

The plane is traveling at 225 knots.
Headwinds and Tailwinds 2
Exercise 1

Speed is measured in knots, nautical miles per hour. To solve this
problem, convert minutes to hours.

. 1 hour 30 +30
30 minutes x - = =Y hour
60 minutes 60 + 30
- Rate x Time in hours = Distance
Tailwind | p+w x Y2 hour = 227
Headwind | p—w X Y2 hour = 207

(p represents the speed of the plane in still air; w represents the
speed of the wind.)

Because the times are the same in this situation, represent the
times in terms of

distance
rate

and

set their algebraic representations equal to each other in the
equation.

227
p+w

207

p-—w

Solution is continued on page 22.
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Use cross products to solve the proportion.
227(p —w) =207(p + w)
227p — 227w = 207p + 207w
227p — 227w — 207p = 207w

20p — 227w = 207w
20p = 207w + 227w

20p = 434w
20p 434w
20 20
p=21.7w

Substitute p in the chart to find the wind speed.

(21.7w + w)(Y2) = 227
(22.7w)(%2) = 227
22.7w =227 x 2
22.7w =454

22.7w 454

22.7 22.7

w =20
The wind speed is 20 knots.

To find the speed of the plane in still air, substitute the wind
speed in the chart.

(p + w)(%%) = 227

(p + 20)('%) = 227

(p+20)=227x2

p +20 =454

p =454 - 20

p =434

The plane speed is 434 knots in still air.

To verify the plane and the wind speed, substitute them in the
chart, this time using the headwind.

(p—w)(*2) = 207
(434 — 20)(%4) = 207
(414)(%) = 207

207 = 207

Exercise 2

To convert minutes to hours,
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) 1 hour 40+ 20
40 minutes x - = = 2/3 hour
60 minutes 60 + 20
- Rate x Time in hours = Distance
Tailwind | p+w X 2/3 hour = 220
Headwind | p—w x 1 hour = 270

(Again, p represents the speed of the plane in still air; w repre-
sents the speed of the wind.)

By solving for p or w using the headwind data, we can then sub-
stitute the results in the tailwind rate and find the plane and wind
speeds.

(p—w)1=270

p—w=270

p=270+w

Using the tailwind data,

(p +w)(?3) =220

(270 + w + w)(?/3) = 220
(270 + 2w)(3/s) = 220
270 + 2w = 220(3/2)
270 + 2w = 330

2w =330 - 270

2w =60

w=60+2

w =30

The wind speed is 30 knots.

Earlier we found

p=270+w
p=270+30
p =300

The plane is traveling 300 knots in still air.
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Crosswinds
Exercise [

Draw a diagram of the situation.

/BCX =£ZAXC =180° — (134° - 72°) = 118°

sinZBXC _ sinZBCX

40 220
sin/BXC _ sin 118° _ 0.8829

40 220 220
sin/BXC = 40°0:8829 _ 4 1545
/BXC = 9.2°

The plane heading must be 72° + 9.2° = 81.2°.

To find the speed in the wind,

XC_ __ 220
sin/XBC sin/BCX
XC _ 220

sin 52.8° sin 118°
Y& = 220 ¢ sin 52.8°

XC -
sin 118°
XC = 220« 0.7965
0.8829

XC = 198.5 knots

Student Lessons

Exercise 2

Draw a diagram of the situation.

N
I

120°\105°
C

x7\

N

I B
I

ZAXB =120° - 105° = 15°

Given two sides of a triangle and the included angle, use the
Law of Cosines to find the third side w (the wind speed).

Law of Cosines: c? = a2 + b?— 2ab cos 0

w2 = 1602 + 1802 -2« 160 * 180 cos 15°
w2 = 25,600 + 32,400 — 57,600 + 0.9659
w2 = 2,364.16

w =48.6

The wind speed is 48.6 knots.

To find the direction of the wind, use the Law of Sines, solving for
sin 6.

sinA _ sinB

a b
sin 15° _sin 6
48.6 160

48.6 + sin 6 = 160 * sin 15°
160 - 0.2588
48.6

sin @ = 414 _ 0.8519
48.6

sin 0 =

/6 = 58.4°

Because alternate interior angles are equal, 6 = a.

The wind is blowing from 120° + 58.4° = 178.4°.
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