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. ZLEMENTS OF STATICS.—SOLUTIONS.

EXAMPLES. L (Pages 15, 16.)

1. @ R=J(0F 7= /635=25.
(i) Q@=o/(187-(13P= /2T =3y5.
(i) R=o/TH 183 7. Boos 60°=,/169=13
(iv) B=JJBF¥0-F3.5.9c0s 120°=./61.
{(v) P=3153+2.3.5c084q,

whence cos a=%, i.e. ¢ =60°.
. s fi (VL8
JiTeran  S1(EVo 8
{v1) cosn.—Jl sinfa ,vl (1&) =h13,

s R= ,\/ (13)9+(14)=£12.1s.14.{-53_.—. /508, or 15.

(vi)) 72=5%+Q%+2.5.Q cos 60°,
whence ! Q+5Q-24=0, and so 3=3,

2. The resultant of two forces is grentest or least acoording as
they act in the same straight line in the samo direction or in opposite
directions. Hence [ef. Art. 23], “lhe greatest resultant of forees of
13 1bs. wt. and 8 1bs. wi. = (12 +8) Ubs. wt..= 20 1bs. wt.: and ihe least
resuliant = (12~ 8) Ibs. wt.=4 lbg. wt. .

8. The forcee o1 3 ibs, wt. and 4 1bs. wt. act i the same straight
line in oppomte directions, and are, thecefore, equivalent to a force of
11b. wt. in the direction of the force of 4 lbs. wt.; f.c. south., The
fozces of b 1bs. wt. and Glbs. wt. also act in the same straight line in
opposite divections, and are, therefore, equivalent to a force of 1 Ib.
wt. in the direction of the force of 6 lbs. wt., f.e. west. Hence the
four forces ave equivalent to two forces of 1 Ib. wt. each, acting at right
angles ; thevefore the resuli,ant-:.\/ 13413=,/2 b, wt., and evidently -
acts along a lins bisecting the angle between the lines of action of the
forcestnf 4 1bs, wt. and 6 1bs. wt, i.e. in & direotion south-wast,

LS8 K ]
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4. The resultant=  (BAPF (187)8 = o/ 42025 =205 ibs. wt.

5. Here R=./P+(PJa)y+2.P.P\J2c0s185°=P lbs. wi. at

P.J/3sin135° o
an angle tan > ————\ i.2 tan~lw, i.c. at right angles to
P +P/2c08135° ! L=

the direction of the first component.

8. If @ be the required force, we have
(2/3P=3+Q*+2.2. Q cos 60°,

whenee Q@+ 2Q-8=0, and therefore Q=2 lbz. wt.
7. It tan:::%, then cosa:i%.

R_—.\/(13)=+(11)2+2.13.11.%:,/400:20 Ibs. wt,

4 3
8. Iftan¢=§, then wsa=g.

a R=\/(10)’+9“+2.10.9.:;-= ~/289:=17 lbswh.

@. If the forces be each equal to P, a be the angle between them,
and R be their resultant, we have :

R*=8F8, so that 8P*=F* (3+2008a),

whence cos¢=;, i.e. a=60°

10. If P and Q be the roquired foroes, we have
(WI0P=P+ @2, and (\13)*=P2+ Q?+2PQ cos 80°
ie. P @=10, and P44+Q%4+ PQ=18,
Solving these cquations, ‘we have
P=3 lbs. wt,, and Q=11b, wt.

11 (1) P=PJZ{i+cosa), ie. 1=2+2008a;

whence cosa= —-]é, i.e. a=120°
|
) §=P42{1+cnsa), e, T=242c08a;

-

T . 1

whence coBu= —;, Ll 41.::':05“(~- =151°%,
8 . 8



1 SOLUTIONS

12.. Here, if a be the required angle, we have
(WA T BIP=(4+ B +(4 - B*+2(4 4+ B) (4-B) cos e,

8o that A4 B2=2(A%+ BY +23 (42~ BY) cos a,
_ A m o L4*4+B
whence_ o8 a= —T(F:—B;;, i.6, a=CO8 ( §A’—B’ B

13. Find the resultant (R) of the two given foroes; let 8 be ihe
¢hird given force; the greatest resultant R and § can have is R+ 8
when they act in the same direction in the same straight line; i.e. S
must act in the direction of B.

14, Take the figurs of Art. 27,

(i) Make 04 =3 ins., £4OB=3T, and cat off 0B=T} ins.;
compluia the parallelogram OACB; then OC is R.

{2 units of force =one inch.]

(ii? Mako OA =4} ins., 2 A08=18% and cut v¥ OB=3} ins.;
corplete the parallelogram 04CB; then OC=R.

{ili) Mzke O4 =3} ins.; with centres O and £ describe circles of
radii 5 and 23 ihe. to meet in C; complete the parslelogram 0ACH,
then L AOB=u.

{iv) Make OA=385ins. and £ 40B=65°; draw AC patallcl to
OR; with centre O and radius 4-35 describe a circle to cut 4Cin C;
complete the parallelogram 0ACB; then OB is Q.
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EXAMPLES. II. (Pages 19, 20.;

1, The resolved parts are 10 cos 80° and 10 sin 3Q°, respectively,
i.e. 5y/3 1bs. wt. and 5 1bs. wt.

.1 Ll2y 12
2. (1) Pcosds’, ie. 5Py2. (3) Peos (oos g 5), ie. ;3P
3. The required force=100 cos 60°=50 lbs. wt.

4. If the required forces be each equal to P, we have
(100)?=P* (342 cos 60°);

wheuce 8P*=(100), and P= 100\/3 =57-735 lbs. wt.

5. If z and y be the required forces respectively, we have
z vy 50 5 5
gin 45° 7 8in 60°  8in 105°  cog 15° ~ cos (45°~ 30°)
_ 10042
= =508 (V3-1).
Heonce =50 (/3 - 1) =86-603 Ibs. wt.,
and y=25 (/18 - \J6) =44+83 Ibs. wt., pearly.
8. 1f x and y be *he required componeats respectively, we have

d y . T P _Px2y2 s
sin 46° " En 80°  ein 750 “ein (45" 1 309 Jar1 =Py/2(a/3-1).

Hende #=P(WJA-1, 2ad y=3 (.\/5-—.!2).
7. The requird force=F "“"45 _P\/ 2.

8. If P and Q be the required forcea reapectively, we have
P=Ftan 60' =F\/3, and Q=Fsec 60°=2F.
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N, it » force F be resolved into two component forces P and Q,
and P be at right angles to F ana equal to it in magnituds, thes the
other angles are each 45°, and Q=P,/2=F,/2. Also the angle between
the component forces is 135°.

10. Draw OB vertical and equal to 25 units of length, and 04

horizontal and eqaal to 10 units of length. Complete the parallelo-
gram OABC. Then OC represents the other force.

Cleatly OC=A4B= /{20)i + (10)*=10,/5=22-36 Ibs. wt.
Alzo tan COB=tan OBA =% , 80 that the inclination %o the vertical

=tan~1 2=26°84".
11. In Fig. Art. 24 make
0C=8% ins., £C04_38° and 2 COB=40°,
EXAMPLES. II1 (Pages 25, 26.) .

1, ¥ P, Qand R be ine forces, we have, by Lami’s Theorem,
i) P=Q=R.

G P @ _ R
¢ ein150°  sin 150° - sin 60°
hence P:Q:R=1:1:43
9, U P, Qand R be the forces, we have, by. Lami’s Theorem,
Yy ¢ B ..
sin120° "~ sin 150~ sin90°’
hence P:Q:R=,/3:1:2.

3. B8ince 7P is equal to the regnltant of 5P and 8P, we have, if «
be the required axgle,

(TPR=(6PY+(8P)*+2 . bP . 8P cosa,
whence con = ~-}-,, e a=120°

4 Draw 3 figure as in Art. 38, with 12P for 7, 6P for Q, and 13P
for B. The sides OF.. LN and NO of the triangiec GLN are propor-
tional to 12, 5 and 13 respectively ; and, since {18)2=(12)%+ 52, the
angle OLN is thersfore a right angle. :

Again, tan CON= 1% = 4166667; therefore the ungle LON=22°87".
Henoe the angle between the directions of the forces 5P and 12P
=MOL=0LN=93";
between the directions of the foroes 12P and 18P the angle
=180°~22° 37" =157° 28/,

and therefors, betwoen iue directions of the forses 13P and 5P the
angle=112° 87",
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5, Construct a triangle 4BC with its sides C4, 4B, and BC pro-
portior <1 to 2, 3 and 4 rospectively ; and with the side BC u the given
direction. ‘The forces 21’ and 3P are paratie} to €4 and 4B.

6. 'The force represented by BE is the resuitaut of forces repre-
sented by BD and DE, i.e. by%BA and %BG; the foice represented

1

by DC is the resultant of forces represented by -2LAC' ard %BC ; baut,
by the trisngle of forces, the forces represenied by %,Bji and %AC have
sesultaut represented by ; BC; therefore the required resultant is re-

presented in megnitude and dircction by gBC.

7. By the triangle of forces, the rcsultant is X. 4B, acting at P
parallel to 4B, ie. is constant in magnitude and direstion.

8. 'The diagonals of 4 BCD bisect each other in some point 0, and
the resultant of the attraetions to 4 and € i# piuportional to 2. PO,
=9\ . PO suppose, and is in the direction PO ; so the resultant of the
repulsions from B and D is proportional to 2. 0P (=2.P0) if the
proportion be the samé as for the sttractions, and is in-the direction
OP. Hence P is in equilibrium independently of its. position, i.c.
wherever it is situated.

For Exs. 9—-14 take the figure nf Page 18 with 2 40C=6.

. Make Q4 =5 inches (scale 5 1bs, =one inch) and £40C=35".
With sentre Almd ul;adius i ilnohes degc}'ibenu o X 84&’0 Ic;:t O'ghin
¢, , ¢,. Complete the parallelograrme 047 B, an 2Bg. en
‘)51”0(;': give the two values of R, and 40B,, 4GE, the two
values of a.

10. Draw OA=5 ing. [seale 10 kilog.=oue inch}; with ceisues
O and 4 and radil 7 and 6 ins.. describe ciroles to meet in C
fomplete the parallelogram O4CB. Then A40B aud 40C are the
required angles a and 8.

11. Draw 04=3 inches and 40B=130°: w'th centre O and
radiug 4 ins. draw a-circle to cut 4C, parallel to OB, i C. Cowplete
tpe parallelogram OACB; then O2=Q and £ 10C=4.

19. Draw 04 =6 ins., AOB=T° and 2400 =40°; through 4 deew
AQ parallel to OB; then 40 is Q and OC is R.
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13. Draw O4=6 ins,, £4A0C=50° and make OC=4 inches.

Join AC end complete the parailel:. -rsm GACB. Then OBis Q and
40Bis a. .

14, Draw O4=4in=., £ A40B=>55° and draw 4C parallel to OB.
Wiih centre O and radius 5 ins. draw g circle to cur 4Cin . Then
2A0Cis 8 ani AC is Q.

15. Let O be the direction of the boat’s length ; nake 2 400=20°
and OA=5 ins. [Seale? owt.=1 inch.]
On the other side of OC from 04 take OB such tkat
COB=180° - 40°=140°.
Draw AC parallel to OB to meet OC in C'; complete e parallel

0OACB; then on the given scale OC is the resultant force and OB the
resutisub reaction of the water.

EXAMPLPS. TV, (Pacwe 26 28)

1. Take the ~~20nd figure in Art. 27 and we have P==80, ¢ =120,
and £ COB=9%". Let £ . the required force.

> ~>

Sinte OB=BCsin 00B=BCriz J04=BCsin80°=1 B0,

3
therefore 3 _;p=n

2. Let 22 and P be the given forsoe, 2 be tne angle betwecn them,
and R be their resultant. Then R=2P, and we have

APP=(2PP+r°+2.2P . Fcosa,

-

whence - 00Sa= —-‘-, i.e. - =eng™t (—i), i.e 104°29.
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3. The resultant is always nearer to the greater force, Take the
figure in Art. 38, with P=3 lbs. wt., the 2 LOM=90° and the
(LOR=150 let Q and R be the reqmred forces., Then the
1ROM=120°, and we have

n

Sin15F ;51';63 = ;m%‘zb‘ Le. 2Q=R=Tf§*
. @=a/31k. wt., ana B=2./31bs. wi.

4, Take the second figure in Art. 27, with 30 lbs. wt. for P,
u:gx 94°=150° and OC perpendicular to OB; @ and R being re-
quired. Then we bave

R2=(30)2+@?+2.30. Qcos 150°,

ie. RI=(30)2+ Q- 30,/3Q;
algo, since BC =04, and the angle BO¢ is a right angle, we b..ve
RY=(30)2- Q"

& {80)2+ Q2 ~36,/3Q=(30)?- Q%
w Q=15/31bs. wt.
Also; R= (30~ P=(15)° [2°~ (VB)7]= (157,
50 that R=13%1bs. wi,
Othorwise thus:—
OB =BC oos OBC, i.e. Q=80cos30°=15,/3 1bs. wt.
Also, OC=B{ s OCB, i.e. R=8000s60°=15 lbs, wt.

5. Teet 3P and 5P be the forces, and nP be their resultant. Take
the second figure in Art. 27, with 3P for Q, nP for R, 5P for P, and
OC at right anglee <o OB. Then, siuce BC?= 0B+ 0C%, we have

(6Py'=(8PP-+(nPY,
& 2R=94n3, i.e. n3=16, and n=4,
Hence 5P : nP=5 : 4.
6. 1f P and Q be the forces, and R their resultant be perpen-
dicular to ¢, we have
P+ Q=18..¢1) R=13..(3)
and P~ Q*=R? i.e (P+Q) (P-Q)=R2..(3).
Substituting from (1) and () iu (3), we have
18(P~Q)=144, is. P—Q=8..(4).
From (1) and (4), we have P=13, and ¢ =5,
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7. Let the forces P.and Q be reptesented by 04 and OB respec-
tively; complete the parallelogram 04 CB with the diagonal OC (which
represenic i) equal to OA. Produce 04 to D, making AD=04, and
complete ‘the parallelogram ODEB; then OFE represents the new
resultant, Also CE=CB=C0; hence the angle BOE is a right

angle, being an angle in a semicircle, and therefore OE is at right
angles to OB.

8. Let the forces P and @ be represented by 04 and OB respee-
tively; complete the paralielogram OACB; the diagonal OC represents

the resultant A/3Q, and the 2 40C=30°. We have
%0 04C _sinCO4 . #in0AC _sin30°

oc -~ TAc " T B TTe
80 that sinOAO:"—/;, i.e. the £04C=60° or 120°

If the £ 0AC=60°, then 04=2. AC, i.c. P=3Q.
If the £ 04C=120°, then the £ ACO=30°, i.e. P=Q.

9. Sinoe the direction of the resultant is analtered when the first
force becomes 4P and the second force becomes P+-12 Ibs, wt,, the
ratios of the ccmponents in the two cases must be the same  Hence

2P _ 4P
P Px12°
a P412=2P, and P=121bs. wt.
10, We have (2m +1)?(P*+ Q%) = P2+ @*+ 2PQcos 0,

and 2m -1 (P2 +R) =P+ Q*+2PQsin ¢;
& (P24 QP) (4ind + 4m) =2PQ cos 6,
and (PY+ Q) (4m?— 4m)=2PQ sin@;
3 -
- tan a=4m dn _m-1

e e

11, Let a bo the angle between P and @ ; then we have

R =134 Q*+2PQCOBA.....syuurenreininrnnn )]
ARV=P*+4QP+4PQCOBA......cvverrrnrvernnenns(2)

and 4R =P Q°+2PQ cos (180° - a),
ie. 4R2=P2+ Q* - 2PQC0B@...ccvrerniiiinennne {3)-

From (1) and (3), 2R¥=20Q2-P?;
w @) » (8), 12R=3P240Q?, ie 4R*=2Q%4 M.
Hence, by addition, 6R?=4Q3, i.. 3R?2=2Q3;
and, by subtraction, 2R*=2P2, i.e. R®=P3;
s 0 R:
P,Z%Ji P P Qs B J? s U8 5 U
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13, Let the forces P and Q be represented by 04 and GR re-yee-
tively; complete the parallelogram O4CB ; the diagonal OC represents
the resultant R. Produce 04 to D, making 4D =0C, and compicte
the parallelogram ODEB; join OF ; then OF represents the resultant
of (P+R)and ¢; and the 1 COD=68. Now CE=AD=0C; therefore
the L CEO=the / COE. But the .CEQ=the £ EOD, since OD is
parallel to CE; therefore the £ COE=the £ EOB:G

= B, D,
g and

13. If AB ropresent the force P, which is turned thrcugh an
angle o cnd then répresented by 4.0), the system which was in equiii-
brium has had the force represented by 4B taken away from it and
the force reprasented by AD added to .. Hence, if 24 bo groduced
to C, so that 4C = AB, the system is now equivulent to torces repre-
sented by 4D and A C, which have & rcsultant (R, say) represented by
AE, a diagoual of the paralelogram of whiva A€ and 4D are adjacent
sides; and since AD—=A4C, thevefo~e AE bisects the £ CAD, so that

the £ BAE=’2-' + §~ Hence, if a become a+ 8, the £ BAE will become

;-+¢-tﬁ ; i.e. if 4D be turned through a further angle 8, R turns

2 -
through 8 further angle a—-;--'l +§ ie. g, so thas the inclination of R
alters by balf the amount that that of P does.

14, 1f OP be the line of action of the given fo.ee, a2d @ and L
he the given poinis, the comnonents will be equal if their directioas
are equally inclined to OP. WHenee, if P Le perpendicular to OP
and be produced to S so that SM= MR, then SO or QS meets OPin T
su that QT == RT are equally inclined to OP; and therefore if TP
represent the given force in magnitade and U7 ve drawn through the
-gentre of TP perpendicular to T2 and meeting TR ard TQ in U and
¥ the required components are T and T7.

15. If A4 and B be tue given points, and the foress £ and Q along
A and BC meet in C. thoir rosultant passcs through €; and if the
directions of she two forces be turned round 4 and P through equal
angtzc CAD and 7RD, the yesultant will now puss through D, and
meet its former direction in s0sac pusat 2. Also, since the 204D =
the £ OBD, a circle would go round BACD ;. and since the £ ACB=
the 2 ADB, the resultant is unaltered in magnitude and must make
the same aungle ADE with AD as the angle ACE with 4u, i.e. the
LADE=the 2ACE; therefore a circle would go round 4CDE.
Henee, si~~¢ there is but one circumscribing circle to the triangle
ACD, E lies on the circle round 4CB. Alss the fovces P and Q being
given and the angle ACE rlways the samethe dirention: of the resultant
divides ACB inte angles tLo ratio of whose series is known, Hence
the sngle BOR 18 known and therefoxe £ is u fixed point.
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16. By Art. 42, Gor., the resultant of the foices .opresented by
P4 and PB must pass through F, the mwiddle point of 45; also it

ﬁpuse; Ft'hrough P and through C; henoe P must lie on the straight
ne -

17. If P be the given fotce represented by 4B asctingat 4, ona
definite soale, then 4 and B are fixed ; and if the other components
be Q (which is invariable) represented by 4C, and R, then, completing
tiic parallelogram ACBD, R is represented by 4D ; also BO=A4C, 8o
that DB is constant ; hence tiw wweus of D is a definite circle with B
a8 contre. :

18, Let D, £ and F bo the middle points respectively of the aides
BC, C4 and AB of the triangie ABC, and P be any point. Then
forces represented by PB and PC have a resultant represented by 2PD ;
forces represented by PC and P4 have a resultant represented by 2PE ;
and forces represented by P4 and PB have resultant represented by
2PF, Hence the system 2P4, 2PB and 2PC is equivelent {0 the
system 2PD, 2PE and 2PF; i.e. the syst>m P4, PB and PC is equi-
valent £ the system PD, PE and PF. .

10. Let ABCD be the quadrilateral, and P be the required point.

Join 4C and BD, and bisect them in E and F, respectively. Then
forces represented by Fa c..d PC have resuliant represented by 2PE ;
and forces represented by PB and PD have resultant represented by
2PF; hence, for equilibrium, PE and PF maust lie in one straight line
and be equal and opposite; thorefore P is at the middle point of EF.

20. Through B draw a line parallel to 4C to meet OD in L.
Then forces represented by 4B and BC are equivalent, by the
tttmixale of forces, to a force represented by 4C acting < B or
[} .

The rccoltant of the first three foross is therefore the resultant of
two forces acting at L represented respectively by AC and €D, i.e. by
the tgangle of forces, is represented by a force at L equal and parallel
to 4D.

Finally this foroe and the fou-th force are equivalent to a force re-
presented by 24D acting st the miadle pcint of DL.

21. By the polygon of foices, the force represented by AB is
equivalent to foroes represented by AH, HF and FB; the force
represented by DC is equivaleut to~forces represented by DH, H¥F
and FC; but the lorces represented by 4H and FB neutralise the
forces represented by DH and F, respectively ; henoe the resultant is
parallel to HF and equal to 2HF.

292. The force represented by EG is equivalent to forces repre-
sented by E4, 4D and DG; and the force represented by HF is
equivalent to forces represented by HD, DC and CF, Also, the force
rapresensted by EG is equivaient to forces represented by EB, BC and
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(1 aud the force represented by HF is cquivalent to forees repre.
sented by HA, 4B and BF. Hence the sys..n 2EG and 2HF is
equivalent to the system 4D and BC, and 48 and BC,1.e.10 4C and
AC; and, therefore, the resultant of forces represented by £G and
HE is represenist by AC.

%3, Throngh { the centre of the circle draw OC and QD perpen-
dicnlar respectively fo 4;PA; and 4,PA,.
Then, since € is the middle point of 4;4;, we have
PA,- Pdy=PC+CA, - (CAdg— PC,=2PC.
Similesly PA,- PA,=2PD.

The resulisnt of the fonr force: is therefore the resnitant of 2PC
and 2P1. i.¢. is represented by 4PK, where CD meets PO in E.

Now, if a be the com.oon inclination of 4, 4;aud 4,4, to the line
PO, we have

PE=PC ¢co8 a= PO cog*a.
Hence the resultant is indcpendent of the ~adims of the circle,

EXAMPLES. V. (Pages 33-35.)

1. Here X=142c0860°=141=4.
Y=af3+25in60°= /3 + /3=2./2;
s F=JX01 U= ,f45 10 =4 1bs wt.,

and tan t).---_'é-“/éE = /B=1an 0", i.c. 6=60°,
s that the resultant is a force of 4 1bs, wt. in the direction 4Q.

9. Taking the forcs of 5 1bs. wt. in the direction OX, the force of
31bs. wt. in the direction 0¥, and the force of 41bs. wt. in the direc-
tion bisecting the angle X0Y, we nave

X=5+4eosdb’=5+2/2,
and Y=0+46ind5°=8+2,/2;
& F=JT07 7= /50 7 32/2=9-76 1bs. wt,,
3+2J2 T+4,/2
Br2Jj2 17
ie. 9=taa? iilizﬁéssf’ na

and tan 8=

3. Tet the three forces be represented by the equal straight lines
OB, OC and 04, go that the 2 BUA=ine £ CO4=60° rhe resultant
of P in the direction OB and P in the direction 0C=2P cos 60°=P,
in the direction Od4; therefore the required resultant is 2F in “the
divectior O4.
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4. Taking the force 18P in the direction OX, the force 10P ir
the second guadrant in the direction at 120° to 0X, and the force 5P
ia the third apadrant ip the direction at 190° to the direcuions of
foroes 13P and 10P, we have

¥=18P- 10P 008 60°- 6P o0s 60° =11 ,

and Y=;JPsin60'-5Pn'n60°=§~"2/—§P;

& F= /Ty P g T =12,

also, if 4 be the inclination of the direction of the resultant with the
third force, §3P. we have

11 11 1
=—Pa7P=""_ i =1 3
OB = 3 7+ 7P_14, ie, §=cos i 88°13", nearly.

5. Fotces representsd by 1P, 2P and 9P i. the given dircctions
are in equilibriom [ef. the first Sigure in Art. 36], and msy be removed,
leaving ~rces reprecentad by £ acd 2P acting &l an engle of 120°
Bence, by Ari. 27, we have

R= 2P+ PP 497 7 03 120° = A f5PA 2P3=P /3.

Agaim, since (Paf81%= (2P)2 - PA, the 4 4UB {Wig. Axt. 36) is & right
angle. Hencothe ¢ CAB=30", the » CB4 being 64°,

8. Through O draw the twe fixed lines OX zn3 QY perpendienlar
to BC ead 4B respectively. Let the force Py act along 0Y, and the
force P, alome OX, P, acting along 04 in the second qualiant and P
along OB in the fir<t quadrant. Let P,=4P, P,=GP, P,=5P, and
P=P. Then we have

X=Py+Pyeos £5° 4.0 - P, cos 45°

=P (1+3‘§=Q9-2)=P(1+423.

and Y=04 P, sin 45°+ Py+ P, sin 45° »
6 4
=p(~7é+5+i2)=5p(1+,,/z);
S F= /X5 ViuP (14,43) /B=Px 1231,
i.e. the resultant is proportiona! 0 12-31, zad if ¢ be the angle its
lirection makes with OX, i.¢, wirh 4B,
tan a=§,=5,

ie. O=tag~iG, 1., 78°41,
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7. Here we have -
X=1+6c0345°=1+3y2,
Y=9+68in45°=9+34/2;

o F=/X91 7= /1184 60,/2=14241bs. wt.

8., Draw a figure similar to that on p. 31. Let the two forces o.
41ba. wt. act in the direotions OX and OB at 60° to each other, the
force of 11b. wt. in the direction -OC at 60° to OB, and the force of
31bs. wt. in the direction OX’. The force of 4 Ibs. wt. in the direction
OX and the force of 8 1bs. wt. in the direction OX’ have resultant
1 1b. wt. in the direction OX; forces of 1 1b. wt. in the direction OX
and 11b. wt. in the direction OC have resultant 1 ib. wt. in the
direction OB [sinoce they act at 120°, and, therefore, have resultant
=% cos 60°=1]; therefore the resultant of the four given forces is
5 lbs. wt. in the direction OB, Hence, for equilibrium, the required
foree is § Ibs. wt. in the direction opposite to OB, t.e. opposite to the
direction of the second force: )

9. If the angles botween P and Q, Q snd R, and R and §=a, the
angle between P and §=3a=108° i.e. a=136°; and the forces being all
equal, their resultant clearly acts in 4he direction bisecti~: i3 angle
between Q and R. _If each force be egual to P, the resultant of P and
§=9P cos 54°; and ‘he resultant of @ and R=2P cos18°; bence the
required resultant :

=3P (655 54° + 008 18°) = 4P 608 86° 008 16°= (VB +1) v/ IO+ 2.

.*10. If ABCDEP be the hexagon, and the given foroes regpectively
act &t 4 in the directions 4B, AC, AD, AE and AF, the resultant
obvioualy acts in the direction 4D, and i

=5+2./3 cos30° +2.3 008 60° =10 1bs. wk,

11, Let ABCDEF bo the hexagan, and let the given foaa;-'
respectively act at 4 in the direotions 4B, AC, AD, AE and AF.
Take 4B and AE coinciding with the fixed lines 0X and OY. Thén
we live . . v .

. .t 3~/3
X=2+% 00830°+4 003 6(° - 6 008 60°=1+—

2" ’

and  ¥i=6+3sin 80°+4 sin 0°+6 sin 60°= 4 53 ;-

5 Fa /X5 = 1557 685 =1558 Ibs. wh.;

1851003 _ 84+19J3
wob=TiRgs = m ok

i.e. : g=1an—i 4212 =76° 39°

and
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12, Let ABCDE be the pentagon, and the forces of 7, 1. 1 and
3 1bs, wt. act nlon%AB, AC, AD snd AE respectively. Let X0X’ and
YOY’ bo the two fixed lincs as on Page 31 —0X coinciding with 4B.

v .1 8 . . 18 - .
Then the £ 4BU=; (57 -25)= v, i.e. the ‘04c;§.5-c=%=ss°,
the LDAB:% ~=72° apA the ;EAsagnwsc.
Hex.0e we have )
X=9741.00886°+1.co872° -8 cos72°
B+l -1 81-.5
-7+J_4+ -2."/; = “' s
Y=1.8in86°+1.5072°+ 8., sin 72°
N10-2y5 J10+2/6
e e S

& F= ./F-F‘f*:% N1188= /71 Ibs. wt.

13. I the equal forces P act on the augular point 4 of the
ootagon ABCDEFGH, in the directions 4B, AC, AL, AE, AF, AG
and AH, their resultant acts in the direction 4, by symmetry, and

=9P c08875°+2P 008 45°+ 2P 008 224° + ¥
=Pa-J2+ 3+ 2+ 2+ 11
=P[Tit+34144 1847 +1]
=P x 5-027.

14 Taking OX as the fixad line, we F~vs

X =11 cos 18°18' 4 7 cos 74° 50" ~ 8 cos 49° 40
=10-4436805 1 18813939 ~ 5-1778672

v =740972072;
¥ =11 sin 18°18’ + 7 gin 74° 50’ 48 sin 49° 40’
=3-4589175 + 67561893 +6-0988353
=163084350 ;
whence F=,/ET5T3=1719 Ibs. wt.,
and tan ’sz

xl
#0 that Lian 6=:104log ¥ -log X, whenos 6 =66°2%".



