o Statue of Liberty, an -
to be 3°37". From the:

18 1°51'. The distance: -3

neters, and the height Ji ppl lCOhonS Surveylng
| the abserver and the. § ; A,

ieters. :

’Vr%

directly. In that case; the distance is. measuredsfgiirectly, applying
frigonometry to distances and angles that can bja ,,measured directly.
Since small errors In angle measures rnay result in large errors In the
calculated distance, surveyors use a very sensltlve angle measurlng
mstrurnent called a tranalt

Surveyors oﬂeﬁ:hged to obtain a dlstancethatl gjcult to measure

. I
P § T F:
; batd

A bridge is to ba: constructed across a lake and: thus: the distance
between points: A‘and 8:must. be: detarmined.. A surveyor has made:
the measurements: shown in the figure. Find the, distance.between
points A and B to the nearest meter. ... = ! T

1gle: of 8°15° with théJ-
the end of the tree's
ee. Find the height of

S AT G IR H etk i

"1 Solutlon: tan 42°10" = QTBQ‘ 2 '
Therefore, AB =532 .. tan42°10!
= 532(.8057) .
=482 m. n

l
nire Fliwe_iL at a polint
18 top of the tree from
wr lower than the sast

of 10°05% The'angle
)0ints A'and' B where
between A and 8 Is
B. Find the' height of

. Written Exercises

In Exercises 1-10, unless stated otherwise, compute distances to the nearest
meter and-angles to the nearest ten minutes.

Q 1. In order to estimate the width of a straight river, a survayor determined the measure-
ments shown in the flgure below. Find the width of the river.

8

/w 38!101
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. To fin’d the distance -CA across-the river, as shown at the left below, a length

. To find the distance BC between®a flagpole on the shore of Silver Lake and a

. Points Pand Q ére on the north and south rims, respec-

. A surveyor 'wishes to determine the width of a north-south highwaysWhile standing E

. The angle of Inclinatlon of a highway or railroad is the

~imeters aleng thls track?. ;- i
. In traveling along a hlghway or railrod built on a slope, your position changes

CB of 50 meters was measured on one bank. The measure of £ B was found to
be 34°10". Angle C is & right.angle. How long is TA?

S0m

T

point on the opposite shore, a surveyor determined the measurements shown in
the figure at the right above. Find the distance BC. i

tively,'of the Grand Canyon,with Q directly south of
P, Point R is located 780 meters westiof P. The measure

of £ PRQ is 84°40’, (See the flgure at the nght) Find

PQ, the width of the canyon." £l “

on the eastern edge of the highway, he notices a tree at point 8, directly opposite 1k
him on the western edge. He walks 65 meters from his orlginal position, C, directly _". g
south to a new positlon, ‘A, and finds that the measure of angle BAC Is 28°40'. ‘4
Find the width of the I'llghway

¥ 4 J

. A surveyor standmg ina guIIy..fmds that.the angle of elevanonlof the top of one 4

side of the gul]y is 15°. Her eyes are 1.6 meters above the ground and she is t
standing 4.2 meters from the base of this side. How deep is the gully? i

angle formed by the roadbed and the horizontal. At
the stespest place, the angle of Inclination of the rail-
road that runs to the summit of Pikes Peak is 27°. How
many meters would you rise vertlt:ally in traveling 400

vertically as well as horizontally. The ratio of vertical
distance to horizontal distance is calléd the grade. To
find the grade of a proposed highway, a surveyor places
a leveling instrument on the slope AB, and tha line
CD is sighted.to two upright rods. If AC == 3.9 meters,
BD = 1 meter,.and AB = 49.21 rneters flnd the grade
and the angle of mclunatnon
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' f"lnc:f fhe height of a tree standing at point C across a river from point A, a base:
e, AB, 80 meters long Is established on one side of the river. The measura of
CBA;was found to be 74°10°, Ths angle of elevation of the top of the tree from

left below, a'length
of 2 B was found to

¥
f Sliver Lake and a
surements 'shown In

,exlt ramp with a 0496 grads Isito be constructed from Interstate 201 to an over-
o pass 1 0.7 meters above the: horlzonta[ levél of the road. A surveyor must locate the
posnltm on the road at whiqh the ramp will start. Find the distance measured along
the horlzontal from the pasitlon qﬁths;nverpass to the positlon at which the ramp will

start. Write your answer to ths nsarest tenth of a meter.
cmue A T ] ’ﬁ

iway. While.standing
. B, directly opposite

position, C, directly
ingle BAC is 28°40',

s i .

ionfof the top of one
1 ground and she is
‘he gully?

In navigation, the course of a ship or plane is the angle measured
clockwise from north to the: line of travel. Thus, In the figure below, the
course of the ship is 37°20".

i ' Bearing 283°

The bearing of a line of sight is the arigle measured clockwise
from north to the line of sight. Thus, the bearing of the lighthouse in the
figure above is 283°.

{Not drawn to scals)
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b 13.

14.

15.

At 6 AM., a ship is sailing due south at a constant speed. The navigator sigﬁts a .'
lighthouse on a bearing of 270° at a distance of 24.2 kilometers, At 6:30 AM,, the 7
bearing of the lighthouse is 285°, Find, to the nearest kilometer per hour, the rate ;
at which the ship is sailing. L s :
The ship of Exercise 13 continues sailing south at a constant rate, Find the bearing

of the lighthouse at 9:00 AM. 5

Two ships leave the same harbor at the same time. One sails at a constant rate of :
40 kilometers per hour on course 42°15', and the other sails at.a constant rate of <
51 kilometers per hour on course 132°15', How far apart arg the ships three hours
after leaving the harbor? :

‘.

Sol_ui

112 Applications; Consfruction
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Ratter: Wb d L] Py s S

T
By L 1
The figure at the left below shows the names of some of the struc-
tural members in the frame of a roof. I 5

Ridge Board 3
3 Ridge Board

WO 1 <3k, o~ Rafter
InSEZZ | Rise™3y Top of
= |4B|'n ~Sg4. Plate

1 ] E

o

"I

Run: 86 in — -
- Span: 182 In t

i Valley !
Rafter = 11/IDiitsids of:
Bulding Watl

. The span of a roof Is the distance between the outside walls. For a3
symmetrical roof, the run is one half the span. The rise of a roof Is the bt
-distance between the center of the ridge board and the level of the top
of the plate. ‘Architects and carpenters refer to the ratio .

Rise £
Span -

as 1the pltch of the roof. In the figure above, a roof is shown with a pitch '-, :
of ry 1 i

e
il
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Te navigator sights a
ters. At 6:30 AM,, the
iter per hour, the rate

-

i 1Flnd to the nearest inch, the rafter length for a symmetrical roof with
a :1, pitch and a span of 24 fest.

rate, Find the bearing

; _ -, \P‘Q\\s\‘ Z
s at a constant rate of : ?‘g'{@‘ // E ar
; at a constant rate of i3 5 | |Rise of oot
the ships three hours , o '
: /. = : -
Run = {

Span: 24 ft = -+

: First, find the rise and run.
Run=4 x Span’
=1x288 =144 inches +—— 24 fest = 288 inches

_ Rise
Since Pltch = _Span

o ) s Rise = Pltch x Spén : : i
g =1 x 288 =96 Inches

Then rafter length = V144® + 967

: f the struc- -
of some © _ = V29,952, or about 173 inches. ;.

Ridge Board

ritten Exercises

In Exercises 1-4, find the pitch of a symmetrical roof for the given dimensions.

1. Rise: 83 in; Span: 249 in 2, Rise: 41 ft; Span: 6 ft
3. Rise: 200 cm; Run: 400 cm &. Rise: 1.8m; Run:;:1.2m

e outside walls. For a ;
he rise of a roof is the 1
and the level of the top
/e ratio

In Exercises 5-8, find the rise of each roof. Assume it is symmetrical.

5. Span: 488 cm; Pltch: . 6. Span: 2.2 m;  Pitch: §

*f is shown with a pitch
. 7. Run: 111 in;  Pitch: % 8. Run: 3 vd: Pitch;%
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9. Find the pitch of the symmetrical roof shown in the figufé at the {eft below.

é': [
Ll {‘; Floor Line

i ‘|,' ——Tmren——tt
St 3

ECIEm ‘ 10. A piece of lumber cut to support the treads of & stalr as shown In the leUI’E at the i@
1‘2'1 i | right above is called a stringer. Find the length, AB, of the piece of Iumber
Ll l i required for the stringer.

| 11. A truss for a bridge is to be con-

14,

i

in Exercises 9-14, compute fengths to the nearest unit and angles to the nearest ]
- ten minutes.

Floor Line

structed with measurements as
shown In the figure at the right.
Find the length, CD of the ver-
tical tle rod.

. A steel bridge has a truss with measurements as shown in the flgure at the” Ieft i
below. Find the measure of angle FAD.

F 362 cm E
f I
204 :
cm
sofl ik
- fo]
5 812 cm 2 ' ! E

| ¥ wEB ln : T]'

. In the gambrel roof shown in the figure at the right above. the upper rafters have a
patch of 7 1and the lower rafters have a pitch of 1. Find the lengths AB and CD

Two rafters are somet;mes joined
by  a ‘collar beam for extra
strepgth. Find the length, CD,
of the co tllar beam in the figure
at the nght |f the roof has a pitch
. Of 3. y

“~ Lavel of Wall Plale
Span; 24 ft
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