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CHAPTER IV
PLANE GEOMETRY

Definitions asd Symbols. Nomeoclatore of the Trisagle. Constroe-

thons, Nomenclatare of the Cleclo.  Using & Protesctor,  Exercise,
DEFINITIONS AND SYMBOLS

Geametry is that beaneh of mathematios which investigates the

In addition to these used in algebra, the following symbols are
wsed in geometry:

& triangle AABC (read triangle ABC)
L perpendiculsr ABLCD (reod line AH s perpendicalar to line

cn)
| parsliel ABICD (read lise AB is parsilel to lise CD)
£ sngle LA ox LCAB (read angle A or the angle CAR)

In navigation, the triangle is by far the most important plane
:!;un. The nomenclature of angles po
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38 MATNEMATICS FOR NAVIGATORS

middle position.) In Fig 0 thore are three angles at €, namely,
ZACRB, LBCD, and LACD.

If two parallel lines are eut by a thind line (oalbed a tramsversal),
pome of the resulting angles are equal, s illusteated in Fig. 10.
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mmwmmmmmqm In addition,
A4 B =180

A right angle is an angle formed by two lines that are por-
petdicular to ono another. Figuro 11 illustrates & right angle.
A right angle measures 90°.

¢ A c % A

Vo, 11 Fro. 12,

Anocukud.ismudonnﬂalhnnd‘htm Figure 8

[lustrates an aeute angle.  An acute anglo measuves less than 90°,
Anouunndohn.uhlawlhnudﬂuw. In Fig. 9
ZACD s an obtuse angle. An obluse angle measures more
than 90"

NOMENCLATURE OF THE TRIANGLE

Aﬂmwh.ﬂmdmdﬁnmmpmddthm
wides. Consequently, it has three angles, It is customary to
lotter the vertices of & triangle with the Jetters A, B, and C, and
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to label the sides opposite as o, b, and ¢, respectively, as shown
in Fig. 12

There are various Kinds of triangles:

1. An equilateral triangle is one having three equal sides.  An
equiangwlor triangle is one having three equal angles.  An equi-
Iateral triangle bs equiangulsr, and vice versa.  Figure 13 illus-
trates an equilateral and an equiangular triangle.  In the figure,
LA = LB = LC,anda = b = ¢

2. An fsoscoles triangle is ome having two sides oqual. The
angles opposite the equal sides are equal also.  In Fig. 14, which
Wlustratos an isosceles triangle, ZA = £C, and o = ¢

arb e and LA # £ZB ¥ LC. In any triangle, if two angles
ure unequal, the side opposite the larger angle is longer than the
side opposite the smaller angle.

4. An ocute-angled trisngle (or acute triangle) is one having

the right angle the letter C, as in Fig. 15, The side ¢ in called
the hypotenuse.  In  right trinngle, ¢* = a* + 3", The areaof &
right trinngle equals ob/2.
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An oblique triangle may be either aeute or obtuse. Figures 12 to

14, and 16 are oblique trinnghes.
I CONSTRUCTIONS

In plane geomotry, certain elomentary but important eon-
structions may be performed with the aid of only a straightedge
and compass. No scalos for linear or angular measurement are
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necesary, A few of these comstructions will be deseribed.
Because of the brevity of this book, the proals, which should be
solf-evidont, are omitted.

To construct a perpendicular to & given line, at & given point
in the line. In Fig 17, the given line is AB, and the given point
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is C. With C as the center and any convenient radivs, strike
an are cutting AB at D and K. With D and E as conters and
any radivs greator than DC, strike ares intersecting above AB,
st ¥. Draw FC, which is the required perpendieular to AB at C.
To construct & perpendicular to a givon line, from a given point
not on the given line, In Fig. 18, the given line is AB and the
given point is €. With € as the center and any sufficiont radius,
strike an are cutting AB at Dand E. With D and E s centers,
and any radius greater than hall the distance DE, strike ares
intersecting below AB at F.  Throagh C and F draw a line which
meots AB ot G, Then OG & the required perpendicular to AR

Fio. 19,

from C. The keogth of the perpendicular from & point to a line
is the shortest distance botween them and is referred to merely
s the distance from the point to the line,

To construet the perpendicular bisector of a given line. In
Fig. 19, the given line is AB.  With A and B as centers and any
convendent radius greater than half the Jength of AB, strike arcs
intersecting sbove and below AB at Cand D.  Draw the line CD,
which s the required perpendicular bisector of AB.  Any point
in the perpendicular bisector of & line is cqually distant from the
extremities of the line.

To comstruct the bisector of & given angle. [n Fig. 20, the
given angle is ZACB. With € as center and any convenient
radius, strike an are, outting CA and CB st D and E, respectively.
With D and E as centers and any radius groater than half the
Jength DE, strike arcs intersecting ot F. Draw the line CF,




e —

42 MATHEMATICS FOR NAVIGATORS

which is the required bisector of ZACH. Any point on the
mohnndohmllycﬁunﬂmmu-dlbw.
or GH = GJ.

P

Fio. 3,

To construct an angle oqual to o given angle. In Fig. 21, the
given angle is ZACB. Draw any line, ax €'A’ aa one side of the
required angle.  With C and € as centers and any convenient
radius, strike arcs eutting CA, CB, and C°A’ at D, E, and IV,
respoctively. With D' as center and DE as radius, strike an are
cutting the are centered at 7, at B'. Draw "B* through ¢

5 and E'. Then A'C'E is the
,S required angle equal to ZACH.
0 A B To construct a lino parallel to
/( a given line, through & given point
775\ (not on the given line), In Fig
4_#._1_3 22, the given line is AB, and the
given polnt &s C. Draw a line
Lo from C to any point on AB, such

as D, and extend CD to sny point, ax E. At C, construct

ZECF = LCDB. Then, CF is the required line, parallel to AR,
1

The sum of the three anghes of a triangle is 150%.  This state-

parallel to AB. The parallel lines A5 and CD are cut by trans-
versals BC and ACE. Thorefore, ZB' = LB, amd £A" = LA,
Now, it Is obvious that £C + ZA’ 4 £8 = 180°, Therefore,
LC 4 LA 4 4B = 180". This proof also indicates the truth
of the statement that “an external angle of a triangle (£BCE in
this ease) equals the sum of the remofe interior angles,"” or
LBCE = LA + £B.
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A median is o line drawn from a vertex of o trdangle to the
center of the opposite side. In Fig. 24, if CD = DA, then BD
is the modian from B. The three medians of a triangle meet in
one point, which is the centor of gravity of the triangle. Any
line from CB to BA, parsllel to CA, is biseoted by BD.
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An altitude of a triangle is a perpendicular from a vertex to
the opposite side. In Fig, 25, if BD L AC, then BD is an alti-
tude of the triangle. Reforring to Fig. 16, it will be seen that in
the case of an obtuse triangle, the sides b and a must be extended
to receive the altitades from B and A.  The area of any triangle
is half the product of any side and the altitude to that side.

Poo. M. Fio. 35,

Since the perpendicular bisoctor of a Jine is everywhere equi-
distant from the extremition of the lime, it follows that the
perpendicular bisectors of the sides of & triangle must moet in &
point, and that with this point as center, a cirele may be drmwn
which will pass through the three vectioss of the trisngle. This
cirele is ealled the circumscribed circle.  Figure 20 illustrates the
intersection of the perpendicular bisectors, and the cireum-
seribed dircle.

Sineo the bisector of an angle ks everywhero equidistant from
the two sides of the angle, it follows that the bisectors of the
angles of & triangle meet in & point which is equally distant from

-
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the three sides of tho triangle. This point is ealled the conter

of the Inseribed circle, which is & circle that just touches the
siddes of the trinngle. In Fig. 27, the bisectors of the angles

are shown meeting in a point. The imscribed cirelo is also

Fio, 27,

11 the three angles of one triangle are respectively oqual to the
three angles of another triangle, the triangles are similar. In
Fig. 28, 44, B, and C, are equal, respectively, to 44°, B', and ",
Therefore the AABC and A'E'C’ are wimilar. In similar

y
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Yoo, 28

tlﬁnd.(bidummwﬁoul,mnhc/d-bﬁnck’.
or a/b = o' /¥, ote,

NOMENCLATURE OF THE CIRCLE
A circle is & plane elosed figure, every point on the boundury
which (called the eircumference) is the same distance from a
within, called the center. The various elements and divi-
of n cirelo are as follows (refer to Fig. 29):
are is a portion of the cireumference between two points.
and AEB are aros.  An are is measured by the angle at the

S in
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center of the circle between the radii drawn o the extremition of
the are.  Are FA is measured by £ZFOA.

A chord is a straight line jolning any two points on the circum-
ference of a circle.  AB and BC are chords,

A diometer is a chord that passes through the center of the
cirele. AOC is a dinmeter.

A rodivs is a straight line from the center to any point on the
circumference. OF, 0A, and OC are radii,

A tamgend is an external straight line that toGches the ciroum-
ference at only ono point, po matter how far it may be prolonged,
HCG i a tangent. A tangent is perpendienlar to the mdius
drawn to the point of tangeney. OC L HOG at C.

A segweend §8 an area bounded by s ehord and its subtended arc.
AEBA is a segment,

A seclor s an area bounded by two radii and the subtended are,
AOFA is a sector,

The angle between two chords that meet on the circumferencs
b measured by half the are intercepted between s wsides,
ZACB = Jarc AEB. Likewise, the angle between & chord and a
tangent is measured by half the intercepted are, or LBCG =~ §
arc BC,

The ratio betwoeen the length of the circumference of a circle
and its diameter is about 3.1416, or 4, and is represented by the
symbol = (pronounced “pie’™). Therefore, the circumference
oquals # X diameter, or 3¢ X radius. The area of a dircle is
equal to v X (mdiun)?, or wr’.
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USING A PROTRACTOR

Amhndnﬂnmploydinplmmwm
nnghes, It may bo used to comstruct an angle whose value i
given or to measure a given angle whose value is desired. These
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P, 52,

;:::umllbodumh-dbdeﬂy A protractor s illustrated in
I.Tooon-tmctnn(lodndmdn:
Forumpb.lnmcoumuundodw. First, draw a line

of any convenient Jength. Place the center of the protractor at

any point on the line, Muark this point and align the bese line
of the protraetor with the given line. Then measure off the
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given angle (52° In this case) around the circumferonce of the
protractor and mark the point. Remove the protractor and
draw a line between the point on the line and the other point.
This procedure is ilustrated in Figs. 31 and 32,
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2. To mweasure u given anghe:

hytbopmuwwtomthmdowllh!hmutdthpto-
tractor at the vertex and the base line of the protractor alang ome
side of the angle. Note where the other side of the angle (pro-
Jonged if necessary) cuts the circumference of the protractor and
read the angle. This is illustrated in Fig. 33, in which the angle
is 33°.

EXERCISE
The student should sctizally make all the constructions deseribed in
thin chapter and peactice laying off angles of various sises and reading
givon angles with the protractor.
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