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A g i forces an shown in figure. Find
100 N acting in vertical iy o U Dec 13)
Salution: Thia in & system of three concurent f s
ven that the remltant s mere G ER
This implies F, ~0 and T . R - 100x
Using Method of Reaolution

F con8-120sin60+ 250 - 0

S

m
Fasin® —120con 60~ 100
Faing - 160 @

Salving equations (1) and (2), we get  F=216.65 N and 0

49 Pind the force F4 50 as to give the resultant of the force
Gstems shown. MU Dec 16)

Solution: This is a system of four concurrent forces.

Let (Fu) and (Fy), be the components of the fourth force

Since itis given R ~ 800 N at 0 - 50 . impien
ZF,=800c0s 50~ and TF, - 800 sin 50 1

SF o 4ve
5008in30 - 300c0s30+ 400 cas 45+ (Fy ), = 800cos50
(F.=74119 N -

o
5000530 + 3005in30 + 400sin45 + (F,), = -800sin50
(F), =—612.66 N =612.66 N |
Now +(F)),* =V741.197 161266° -96162N
612,66
s0 e 6=30.58%
o 7a1.19
The fourth force Fo = 961.62 N at 8 = 39.58° ......Ans.
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‘Solutions: Engineering Mechanics

i

U e o v o e e

e e o B

i ts S Gty
ekt )

s

Fy=350N

T Heon \

Solution: This is a system of three concurrent forces vis. Fi, Fz and Fs. Also given that
the resultant R = 600 N along OA. #
This implies EF, ~600c0s30 - and IF, =600sin30

Using Method of Resolution

008y agoon

) T v A

L icomee0-coan0 o
Fioos0=16961N .01 o
ZF, T 4ve
F,sin0 100 = 600sin30
Fysin0 =400 N @

4

)

Solving equations (1) and (2), we get
’ F=434.5N and 0-67.02"
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Exorcise 2.2
Resuttant of Paraitel Force ystem

P Detmicn the cagrunag, oy
Spstion of the iy 1, o1
8 Point A, of the  pumpe obt | SLE KT -
shown Al |
parallel forces
Resultant force R~ yp 7,
S8 0ihig
=-12kN or
Location of resultant force .
B e toree b ocaaaa of &
P itlar distance 4 't the serrat
shown
Using Varignon's theorem o
IMME
101+ (12x1.8) - (9.3)  (12xq)
d-128m

Or 4= 128m 0 the right oA

S ent s R = 121 L telocated st il = distanse
28 m right of A as shown in figure

P Find the resultant of the paratiel
force system shown in fgure. s
locate the same  with® respeet
1o point C. (MU Dec 18)

Solution: This is a system of four
parallel forces.

Resultant force R = TF 1 4 ye

5-60+10-25
~60 N

R=60N |
cation of esultant force . point .
e e S e e o ot  prpendictia e 0 e o
Classhown,
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ns: Engineering Mecha

S —— A
Using Varignon's theorem. l—
et Mo 1t i o kst s B8 o v o < o, [

Pa: Find the magnitude, nature and position of the.
Fesultant of the four parallel forces (om B

Solution: This is a system of four parallel forces.
Resultant force R= LF - + ve
R=-8+442-5
—s7N
o R=TKN

Location of resultant force
Let the resultant force be located at a perpendicular
distance d above B as shown.

Using Varignon's theorem

M =MgR B+ ve

+(5%6)—(2x4) - (4x3) + (8x1.5)=+(7xd)
d-3143m  Or d=3.143mabove B

The resultantis R = 7 kN « is located at a L = distance
d'=3.143 m above B as shown in figure. Ans.

P47 A system of parallel, non-concurrent
forces is acting on a rigid bar. Reduce
this system of forces to
i) A single forces R and locate its position
from A
i) A single force R and a couple at B
(VITI Nov 10)

Solution: This is a system of four parallel forces. Resultant force,
R=3F T +ve
R =50 - 200 - 100 + 70
=-180N Or R=180N !
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Location of resultan force
Lot us asmume the remn
Jocated at & perpendicuis
o the 1eft of A o :

Using Varignon's theorem
IM MR S v
(200x1) ~(100x3) + (7
d=-1222m

1222 Fight of A

4)=+(180xd)

The resultant is R = 180 N s located at a
= 1.222 m right of A as shown in figure. Ana.
b) To replace the system by a couple ai B, we need to shift the force R 10 B by

introducing a couple M. The L distance between point B and force R is 0.222 m

N F el
~180% 0.222 = - 40 Nm L u-aonm \

Couple M

or M =30Nm¥

The Resultant force couple at B is as shown in figure. R=1m0n

88 Find the magnitude of two like paralll forces F; and F.
acting at a distance of 50 cm apart, if ther resultant is 300 N
and acts at @ distance of 20 cia fom one of the orce

Solution: This is a system of two parallel forces.
Resultant force R= IF T + ve
300 = F, + F )

Also given resultant force R = 300 N T, located at a L distance of 20 cm from force F:
Using Varignon's theorem
here let A be a point on force ¥,

MM O tve

F,x50-300x20

F,=120 N Ans.
Ans

Substituting value of F; in equation (1), we get F, =180 N

6 Determine the resultant of the paralll forces
S

Solution: This is a system of four parallel forces.

Resultant force R= XF T +ve
12-8+6+14

R=0
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ot e
N e a point on .
TR ‘
e o Ans
27 Find the remilmntof
fipure e s | 5
. « parallel system
Sotution: This is e forcen. For 87

Resultant force

00300 + 300+ 200

. it plics that the Temtant s & courl

For paraliel system if the resultant force is 21 Sevin ]

Couple M=EM,¥ (+ve .. [LetAbeapointo
300x2) + (300xS) +(200%7)

2300 Nm

e ) Jm

The resultant is a couple M
Asa. Fasiha-Covpe

P: Resolve 15 kN force acting at ‘A’ into Ll

o parallel components at B and C = o i
(MUDec1y) % 5 T o

Solution: To resolve the 15 kN force into At

two parallel component at B and C, we s

need to first shift the 15 kN force to either

BorC. e r—s T im0

To shift the 15 kN force to B, we need to =

add a couple. (Refer properties of couple) . B

Couple M = 15 3
45 1Nm
(. force 15 kN is shifted by 3 m)

The couple of 45 kNm b can be
converted into two parallel forces at B
and C equal in magnitude and apposite in

Couple M =

9. e
B into

Sotutie
Cither
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Adding forces nt B we ge
#9. Resolve the force F = 1000 .
A WTiNow 16) e .
Selution: To resaive th .
fwo parallel componente -
£'to first anin e A J
ither O or A "y b
To shift the 100¢ Y
need to add a co
Couple M = 1000 4 ABoonm x 2 y
Ry J1o00n acon
(- force 1000 N is shifted by 4 m) o 1m

The couple of 4000 N & can be
comserted into owo parale forcea st O yaon onon®
20 A equal in magnipude and sppeits o
S i < o—t
Ol M=Fa o B
4000=Fx since points O and A are 1 m apart.
or F -a000N
The two parallel forces are, Force F = 4000 N L at A and ¥ = 4000 N T a1
the two parallel components. of 1000

Adding forces at O we
3000N T at O and 4000 N

at A as shown.

PI0. Figure shows &
pasallel system of four
forces and two couples.

i) Replace it by a single
force.and obtain its location
from point A

(i) Replace it by a force couple system at point A
(i) Replace it by a force couple system at point D.
(i¥) Replace it by two parallel forces at B and D.

lution: This is & system of four parallel forces and two couples.
Resultant force R= XF T +ve
R=-8-4-10+12
10kN Or R=10kN

N force





image14.png
ingineering Mechan

EL] wtutons: Eng
ation of resuitant force P a
Lot o i e st orce = oo
located at & perpendiculnr distance 4 onc
10 the ight o A aa shown. prs
Using Varignon' theorem adom prog
I ME O e
(4x3)~(10x6)+ (12x9) +30 - 80 =~ (10x4) (i |
4=14m Or d=Lam.....right ofA = |
The resultant is R = 10 kN 4 is located at a e |
L distance d = 1.4 m right of A as shown. ... Ans. Resomr-Focn et
waper
(8 To reptace it by a force couple sysiem at poiat A, we nesd fo shift semltnt free | S0
R'= 10 kN to A by introducing a couple M. The . distance between point A and force 00
B =104 o A by iroducing a coupe M. The P i
Couple M = Fx s
ple M= Fx d =i Resu
~ (10 1.9) =~ 14 1Nm faueemnn
O M :iikmb g
The resultant force couple at A is as shown in figure o
oo -Fores Gopa AR
Loca
(i To replace it by a force couple system at point D, we need to shit the force__ Let |
R= 10 kN to D by introducing a couple M o0 forcs
The L distance between D and force Ris 4.6 m - - pery
Couple M = Fx d o e
+(10% 4.6) - 46 kNm S ot Usi

Or M -46kNmUb oot~ Foros Couple 90
The force couple system is s shown i figure. v
{iv) To replace it by two parallel forces at B and D. it
The force couple system at D is shown. The couple of 46 kNm can be replaced by two
parallel forces at B and D, equal in magnitude and opposite in sense.

Couple M= Fx d

46=Fx3
Or  F=1533KN
Force F=15.33 kN L at B and F

since points B and D are 3 m apart.

1533 kN T at D can replace the couple of 46 kNm

Adding forces at D ic. ~10+15.33=5.33 kN
we get the two parallel components as 15.33 kN &
at B and 5.33 kN T at D as shown.

‘Systam reptacad as wo fooes ot 8 40
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Am

P11 mber Anc |

Joad and pure momen; 4 5

(il Position along AC of
the resultant
(MU Dec 13, KUS Decyq)

[Solve this problem after referring
Solution: The u v | .4
wapesoidal  loads | o

converted 1o point loads ne

T4

pes of load:

This is a system of three ™ =t =

parallel forces at one nure:

Resultant force R = 377,
R=-90EN o  Resouyi

Location of resultant force . SON gokN

Let us assume the resultant F— d —} e

force is located at 4 —+

perpendiculardimance 4 & AT}

the right of A as shown, 2 e e (] i

KN R =00kn

Using Varignon's theorem

EMT=ME G ve e,

+(90x2)+ 225~ (90x10.5) - (90x12) =~ (90 <) i
d=18m Or d=-181m.......FghtolA N

The resultant is R = 90 kN L is located at a |

dist. d = 18 m right of A as shown. Ans.
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16

Exercise 2.3
Resultant of General Force System :

" o ma

P1. Determine the resultant and its distance
from origin of the given non-concurrent force

(NS May 17)

Solution: This is a system of five general forces.
Using Method of Resolution
IR~ eve
700810 - 20cos40 + 50 - 600830
~S165 kN
TR =S165kN-

IR, Tave
=70sin10 + 20sin 40 - 608in30 - 70
74,99 kN

IF,=7499 kN L
A
Using R 73R, - 51657574997
R=91.06kN ... Magnitude of resultant force
I ., 55.44° Direction of resultant force q
L
1

Also tang 74
TF, 5165
indicate that the resultant force is located in

The arrows of TF, and IF,
4% quadrantie. Sense of resultant force

Location of resultant force "
Let us assume the resultant force R is located at a L distance d to the right of A as

shown

Using Varignon's Theorem
IM" =Mg® S+ ve =
~(70c0810x2) + (20cos 40x2) + (20sin 40 4) gia}/‘ﬂass«‘
~(50x2)~ (605in30x 4) ~~(91.06
(50x2) - (60sin30x4) =—(91.06 xd) G i
4=3029m Or d=3.029m tothe right of A e

. Location of resultant force
The resultant force is R = 91.06 kN at 6=55.44°% is located at L distance
Ans

d = 3.029 m to right of A as shown.





image17.png
Sotutions: Coplanar Forces - Resoi
- Resolution and Comp

system. Also find out where remiar force N i
e A Tl e oo e

(SPCE Dec 10)

o - SRR

8, 4 iv
1004 50con83.13 = 130N

IF, =130N

EF T ave

=-80-60+508in53.13 = -100 N

00N 4

V1307 1007

R=164N Magnitude of resultant force

Aso S Pes or  0-3757

Direction of resultant force

The arrows of TF, and SF, implies that the sense of resultant is fourth

quadrantie. % Sense of resultant force

Location of resultant force
Let us assume the resultant force is located at
&L distance d to the right of A as shown,

Using Varignon's Theorem
M =MR S hve
(100x2)~ (80x3) - (60x6) + (50sin53.13x9) =~ (164 x)

or 2,683 m to the right of A .
Lt the resultant force R cut the arm AB at a distance x from A

d
From geometry sinf =

or x=44m

The resultant is a force R = 164 N at 8= 37.57 %
is located at x = 4.4 m on arm AB as shown ... Ans.

2,683 m
..... location of resultant force

Resatant - Force




image18.png
o wm g e - p
LS 0R 01N 1207+ 1y 2000y

wmgI-x 30
ST TEOREE = gus Answmosd
Tori ¢ ®

O SO v v gy e esaapao sy o By s

BT

Px1£92=(094m 00 x002) + (090051
o

P .
1 511 9210) NvISS: Jo 3y 1

4 pa

21 o WO 08 <

10y pwinsas jo sprasey

s

TNeesz= 4T

—Nosk="4T




image19.png
wy
MO 58 110 U1 01 T T = P SIS T ¥ 30 parwsny
S bV = 010 N LES'C = o 2300) ¥ st smsas gy

astoj ywignsas o wogwoer
BRI OEHEE =P 1

3510y jmmea: jo spruraBely
L626T 1LOTD





image20.png
po=p
*69'cct08) - (0rx0b) - (001 g TZmm 0 1) +

= N3
wasoay 1 8 worAuse, Faren E

2210 s jo spruuyy

v il
- SOURL OV | g0pz+ 00'89p=
TNEOBZ=4T
NE€0PZ- = G9EEUNO08-SHUmOS-§IZWSOST=
b ety 43
i o
- N9089= 4T
NOO'BO- = Ob+69'CE80208 + SHS0208 - § 17502051~ =

10823 Jo potpo B,





image21.png
#6. Determine the resultant of the system of

forces shown in Sgre. Locate'the posr wners
the resultant cuts the base AB. (MU Dar. 08

Solution: This is & system of five general forcen
Using Method of Resatution
TF, = tve

=100€0830+ 150c0850 - 120 con75 - 800860
196N
IR -11196 N

s Tave
008in30 - 1508in50 - 808in60 + 1208in75 - 50 = ~68.28 N
£F,=68.28N |

Using R 111967, 68287 . R=131.14N Magnitude
s L IR BT
e O e S ol

of resultant force is located in 49 quad. i e. %
‘Sense of resultant force

Location of resultant force
Let us assume the resultan force R is located
ata L distance d to the right of A as shown.

Using Varignon's Theorem
M =M Beve R=1314N
o
+(80c08604) ~(100cos 30x4) + (100 8in 30 4)
~(150€08502) - (150 8in 50 4) - (50x2) = - (131 4xd)

5623m Or d=5623mtotheright of A .. Location of resultant force

Letthe remltant force R cutthe base AB at  distance x rom A as show,
Prom gomery  wng=3 . sin31.38. 352
o x=losm 3
The resultant force is R = 131.4 N at 0 = 31.38° X is.
iocated t o 1 distance d = 5,620 m to right of A and cuts ™

the base AB at distance x = 10.8 m from A as shown s
Ans. s
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25 KN acton

P7. Theee forces 1 kN,

vertical pole 6 m high

% Find the magnitude, direction and pos
of resmultant wr t A

>z

b. The position where the resul 2
pole from the base e
€ Reduce it to  force couple system at A o
Solution: a) This is a system of 3 general forces A |
Using Method of Resolution e
TR o 4ve =, £F,=3.598 ki«
Scon30-1 = ~3,598K)
I, Tave
aunl
Using Ro53BkN . Magnitude of resu,
e o oek® Disection of resultant force
TF, 3598

The

rrows of TF, and TF, indicate that the of

resultant force is located in 3+ quadrant .. &

Location of resultant force
Let us assume the resultant force R is located
distance d to the left of A as shown.

Using Varignon's Thearem

EM MR Beve

(1x3) + (3c08306) - (2.5 1.5)

atal

RS

+(5.38xd)
d=2758m  Or d=2758m o the leftofA
b) Let the resultant force R cut the pole at a vertical distance

58
cosan =27

cosh=

-4122m

The resultant force is R = 5.38 kN at @
located at a 1 distance d =2.758 m to left of A and cuts the
pole at vertical distance y = 4.122 m from A as shown ... Ans.

) To replace the system by a force couple at point A, we need to
shift the resultant force R = 5.38 kN to A by introducing a
couple M. The L distance between point A and force R is 2.758 m
Couple M=F x d

+(5.38 % 2.758)
The resultant force couple at A is shown in figure.

14.84 kNm Or M= 14,84 kNm
Ans.

w7 s R

Location of resultant force
ey from A as shown

sl

Resutani-Fore

P, &,
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Itan

[

SRS T R
e
IR Tave

Using R=JTFR’+YR? < [a0%: 260"

R=2728 Magnitude of resultant farce

260
80

Also tant

o e-729 Direction of resultant force

The arrows of T

Fo and IF, indicate that the of resultant force lies in the 37

usdrantic. 7 Sense of resultant force

Location of resultant force

Let us assume the resultant force R is located at a | distance d to the right of A as

shown. e

Using Varignon's Theorem

MM B eve

+80-(1008in36.87 x4) =—(272xd)
d-0588m

Or  d=0.588 m to the right of A

Location of resultant force

To replace the system by a force couple at point A, we need to shift the resultant
force R =272 N to A by introducing a couple M.
The L distance between point A and force R is 0,588 m

Couple M= Fx d

(272 0.588) = - 159.94 Nm
Or M =159.94 Nm &
The resultant force couple at A is shown. Ans. e mime 26
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e aystem shown by
2 single force acting at the orign and
ple.

Solution: This is & system of 0
Bencral forces and two couples.

Uning method of resolution
IR Save
500cos 304600 = 167N
SR -167N
IR, Tave
=5008in30 - 400 = ~150 N IS
£F =150 N1

Using R-(TR7TF,
R=228.5N
z*
Also tang
TF, g
o o-4193 Direction et

The arrows of T, and XF,

indicate that the of resultant force lies in the §

quadrant. e % Sense of resultant force

Location of resultant force

Let us assume the resultant force R is located at a L distance d to the right of origs, o

as shown

Using Varignon's Thearem
Mo =MF Bave
~(600x1.5)(400x 4)

(500c0530%2) - (500sin30x2.5) + 200 ~100 = —(224.5 x4
d=9617m Or d=9.617mtothe right of O ... Location of resultant for

To replace the system by a force couple at point O, we need to shift the resultant force
R = 224.5 N to Origin O by introducing a couple M,
distance between point O and force R is 9.617 m
Fxd
(2245 9617) = 2159 Nm
Or M =2150 Nm &
The resultant force couple at origin O is shown .. Ana,

The
Couple M

Resatant

Sotur

Lett
from

dist
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pin 0

orce

P10. Replace the system of forces and coupten
by & single force and locate the point o i
s-axis through which the line of

resultant passes MV Dec 12)

Solution: This is & system of three general
forces and two couples.
Using Method of Resolution

T
2046083866 - ~15.315 N
TR =15315N

I Teve
12465in38.66 - 15748 N

53157 15,7487 197N

The arrows of TF, and TF,
quadrant. ie. Sense of esultant force
i

Location of resultant force
Let us assume the resultant force R is located at
L distance d to the right of origin O as shown

Using Varignon's Theorem
EM =Mo" B eve
+(20x2)+(12x3)+ 35 415-20 = + (21.97xd)
d-4825m Or  d=4825m
o the right of O .. Location of resultant force

Let the resultant R cut the x axis at a distance x
from origin O.

4.82

d
From geometry win0 =% . sind5.8 =25
Or x=673m
The resultant force R = 2197 N at 0= 458", it located
ata L distance d = 4.825 to right of O and cuts the x axis at a
distance x = 6.73 m from O an shown, Ana.

Magnitude

or e-4s8 Direction of resultant force

indicate that the of resultant force lies in the 20

Rowiary - Force
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Sotutions: Engineering

2 soqn 200N
= frame by # force §
PL Replace the loaing o0 he P Q‘: - s P12
by o o E i
Sehson Tl o e
e L o ki :
S eIl
e a e o
P R seamds
Also tano - ZF2 _ 900 747 Disecion of resultant force
7 a0
s e lies in the 3¢
The arrows of S5, and IF, indicte tha the ofresultant force e in hy
Fegnt Secae ool v s
10 e
Let us assume the resultant force R is located at a %% LS Also
b ey il :
Usiog Veriguon's Theoress i w4
MM Beve
(300%3)-(400x7) - (00x2)
¢600=-(521.9x)
im
or 471 m to the right of A ol e Locs
Location of resultant force \L"
Thtsplacn o e iy s cncpl s ot Af s e il v amt s
3 5ah N o A o Sl T L e e poe Ao o
o
by
Conpahe ¥ 4 s
(921.9 x 3.471) P
5200 Nem
Or M =3200 Nm &
The remuliant frcs cougts st A i s e

or
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) Reduce the aymten

Solution: This is o

F
TR
x TF, indicate

The arrows of

i of resultant force lies in the 2

ntie B

sense of resultant force

Location of resultant force
Let us assume the resultant force R is
located at a L distance d to the right of O

as shown

Using Varignon's Theorem
EMF =M B+ ve

2005in36.87x 4) - (100c0853.13x 5)

d=-1459m
Or  d=1.459 m to the left of origin O

008in53.13 + 3

(100sins3

Magnitude of resultant.

500- +(332.4xd)

Location of resultant force
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2 Solutiona: Engineering Mec,

o.

Lt the resultant R cut the x axis at a distance x from o

From grometry aino- 3 [fesen e |
g w ra
sniz 1521450 Rl | L
o - amelim s =

hift the resultant S

) To replace the system by a force couple at point O, we need
force R = 332.4 N to origin O by introducing A couple M. The L distance between p
© and force R i 1.459 m
Couple M = Fx d FE T
-~ (3324 1459
485 N 2
Or M =485 Nm U 07378

ResdiantForee Cope 90

The resultant force couple at origin O is shown .. Ans.

P13. A bracket is subjected o a coplanar 5 1o T
force system as shown consisting of three

forces and a couple. If the resultant force 4}
of the system is to pass through B,
determine the value of the couple M which fe— 509 mm —
should be applied at D.

Solution: This is a system of three general
forces and a couple.

It is given that the resultant of the system passes through B. This implies that the
‘moment of the resultant force at B is zero.

Using Varignon's Theorem k!
EMgF =MgR B rve ie
+(5x0.6)-(14x0.3) + M=0 “

M= 12kNm Ans, L
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P14, For given aymiem

application” with yeemmc " eRultant and s

W intercep) et 1o paint © on the % s
(0 Dec 13)

Solution: This is a syse
couple. stem of four general forces and o

Using Method of Resolution

€0859.04 100 c08 33,69

5in59.04 - 100in33.69

IF, 3089 N

Using R=\[SF7 TR - (14547 13089

R=3414N Magnitude of Resultant force

IF, 3089
1a5.4

Direction of Resultant force

the resultant force lies in the st quadrant

The arrows of TF, and IF,indicate t
ie &

Location of resultant force.

Let us assume the resultant force is located at a L distance d to the right of O
Using Varignon’s theorem

SME=ME U +ve
+ (10005 33.69%70) + (150x 30) - 5000 =34 1.4 xd

d=15.59 cm right of O
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Let the resultant R cut the x

PIS. Four forces and & couple are
" plate s ahown in figure
nd

Determine the resultant force
locate it with respect to paint A

(W0 Dec 15, KJS Dec 17)

Sotution: This is & system of four
al forces and a couple
hod of Resoltion.

200c0836.87 +100
260N

£F, =260N
=¥ ve
80440

V260" + 160

Direction

The arrows of TF, and TF,
indicate that the of resultant force
lies in the 4% quadrant Le. %

sense of resultant force

Location of resultant force
Let us assume the resultant force R
is located at a L distance d to the left
of A as shown.

in ot & point

sotutions: En

dimtnnt  from the origin O

Ans.

e 0en —f— F0m —fe 20em
12008038 87

R-305.3N ... Magnitude of resultant

1008

2m U
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tutions: ¢
s oplanar

Using Varignon's Theorem
EMAT =ML ey

d=2480 3

P16. A square laming subjected L T 5
1580 N aa shown in figure. Calculate valuen of forces

P: and Py such that the reauiant of syster of frces

will be a horizontal force o point

(KJS Now 15)

Solution: From geometry

na =" a=7156
wp-2 . pesear
wny=t . yaz56"
2 nuMa

This is & system of three general forces.
Given the resultant force ' is horizontal.
This implies  TFy =R and IF, =0
Using Method of Resolution

IF, Tave

~Pysina P, sind - P siny=0
15805in71.56 - P, sin$6.31 - P, sin26.56 =0
0.832P, + 0.4471P, =1498.9 m

Also given, the resultant is a horizontal force at point E
Using Varignon'’s Theorem
IMF MR U tve
_(1580sin71.56x 4a) + (P; c0s26.56 % 4]
P,=16757 N ... Ans.

0 | Note: MR =0 By taking moments at
| point C, both the force P, and the
| resultant force R pass through C a
Substituting value of P on equation (1), we get | give zero moment.
P,=901N Ans.
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Solutions: Engineering Mech,

2

subjected to forces a5
shown. Find the resultant of force in magnitude
and_direction. Also locate the point where

resultant cuts the centre line of the bar AB.
(MU Dec 16)

P17. A machine part

Solution: This is a system of four general
forces. The two 20 kN forces are parallel and

opposite in sense. They can be reduced to a

couple.
Couple = Fxd -
~20xd = 20 kNm U
So now we have a general system of two forces
6kN —, ISKN | and a couple of 20 kNm U .
SR o tve e
6
—6kN s
SR Teve
S15 kN
15KkN L

Using R=|TF?+IR? =6 1157

R=16.15 kN ... Magnitude of Resultant.
IF, _1s
TR 6

or 9-68.2° ... Direction of Resultant
The arrows of TF, and TF, indicate that the resultant force lies in the 4% quadrant

Also, tan|

ie .. Sense of Resultant Force

Location of resultant force.
Let us assume the resultant force is located at a L distance d to the right of A

Using Varignon's theorem.
EMAT =M B ave
~(6x2.598)~(15x1.25)+ 20

4-0888 m
Let the resultant cut the centre line of the bar AB at a point E,

distance L from A, From geometry
0888 ;L _1.13m .. Location of Resultant force

con38.2 = 2%
*+%+%

(16.15%d)
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Solutions:

Chapter 2

Coplanar Forces
Resolution ang Composition of Forces

Exercise 2.1

Resultant of Concurrent Force System

B ™ et foccen ot hoctaontal st vesicad components

0 Sme oy

F=50cosd40 N
383N

'« ~6508in20 N
2223N
Fy =650c0s20 N L

| =s108N1L

750c0570 Ne-
<2565 N «

F, =100cos70 N—y
=342N &

|
L | R, =100sin70 N
=9397 N 1

F, =750sin70 N
=7048 N |

F, =800sin35N |
F, = 208in30kN |
4589 1

~10kN L

Fy =200c0870 N—s
=68.4N

F, =2008in70 N 1
~1870N 1

F, =100sin85 N1

~9962N 1
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30 P 401, Py = 80 N taking anticocics,

JA-Given Fy = 10N, Fs = 20 i )

L, ;

b) Moment of force A
) Moment of force F about F
| &) Moment of force F. about B and D

o) Moment of force Fx about A, F and D. F,

Solution: Moment of force = + (Force x L distance)
jves + ve moments, whie
Note: Anticlockwise rotation of the force about & point g e

Clockwise rotation about a point gives - ve moment
&) Momeat of force F = 10 N about point B
M —+(10x3) = +30 N
Momment offorce F, = 10 N about point &
M -~(10x4) =40 N

) Moment of force = 20 N about point A
M ~4(20x3) =+40 N

20 N about point C

Moment of force F
M = +(20x9) = +180 N

©) Moment of foree Fs = 30 N about point F
120 Nm

¥ ——(30x4

d) Moment of force Fy = 40 N about point B
”
M=o since Fy passes through B.

Moment of force F, = 40 N about point D
MP* = +(40x6) = + 240 Nm

€ Moment of force Fx = 50 N about point A
The force Fs is inclined at 40.6° with the
components and then take moments of the two components.

M = (50c0840.6x6) =+227.8 Nm

horizontal. We need to resolve Fs into

Moment of force F = 50 N at F
+(50¢0540.6x6) - (50sin 40.6 x3)

130.2 Nm

Moment of force Fs = 50 N at D
since line of action of force passes through D,
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Solutions: Coplanar Forces - Rpa

X Four concurrent force,

o P ety e * & Pl o

MUDec 14y %N
Solution: This §y ,
concurrent forces,
Using Method of Resolution P

IR 2 ew

em of four

=15+40c0836.87 - 25 sin'50
27.85N

IF, =27.85N o

5 Ten

405in36.87 4 50 4 25 con 50
=90.07 N

IF,

Magnitude of resultant force

Direction of resultant force

The arrows of TF, and T

second quadrant & Sense of resultant force

implies that the sense of resultant is

Resultant is a force R=94.28N at 0-72.82 & acts at a
point P as shown Ans.

4 Determine the resultant of the
given concurrent force system
(NMTMS May 17)

Solution: This is a system of four
concurrent forces.
Using Method of resolution.

IF o +ve
5c0532 200520 - 50c0s70 + 60cos15.
34.78 kN
5F, =34.78 kN~

lution and Composition of Forces

18N

18N

esutani o
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Solutions: Engineering Mechap,,

| IK Tave

158in32 + 208in 20 - 50sin70 - 608in15
4772 N

47,72 kN4

The arrows of TF, and XF, implies that the sense of resultant is fourth quadrant

e Sense of resultant force
Resultant is a force R =
O as shown. ... Ans.

8] The striker of carom board lying on the board is

being pulled by four players as shown in the figure.

The players are sitting exactly at the centre of the

four sides. Determine the resultant of forces in
magnitude and direction.

(MU May 08, NMIMS Feb 10,

KJS May 15)

Salution: This is a system of four concurrent forces.
Note: Since players are seated in the centre of each
side, the distance of each player from the comer of
the table is 400 mm,

Using Method of Resolution
ZF > +ve
=20c0s16.7+
=2025N
IR

258in10.3-10c0526.56 + 155in21.8

0.25 N -

59,05 N at 0-53.91°"% acts at apoint | g

saer
R=s005 |
Resant -Forcs

00 mm
o800
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otution and ¢

T 1 3560010.34 100 26.56 - 15conzr 0 From geametry
20898 150

tan a=167"

0.3

Usng R=(YF7,yg7 0.257 4 20 g7

~29.00 N

Magnitude of resultant force

10316

ction and sense of resultant force
Remiltuntis  force R=29.09N at' 0= 45.80% 2 sete
as shown Ans
e P erent coplanar forces %t an & body as shown ia LU
e hoSaece P and(Q much that thi pesians e o
forees is zero. (MU Dec 09, May 13) o
B (he oo 2 & eystem of five concurrent fircen. AlSo gives Lo
that the resultant is zero. This implies TF, < 0 and 3, =g

Using Method of Resalution
AR
Q0320+ 40056030 -
Q=1064N el
ZF, Tove
=-Qsin20-P+ 40sin60 + 50 - 0
10.645in20 P + 40sin60 + 50~ 0
P=81N Ans.

P7. Figure shows a concurrent system of four forces.
Three of the four forces are shown. Find the unknown
fourth force 'P* given that the resultant of the system is & s
horizontal force of 500 N acting to the right

Solution: This is a system of four concurrent forces,
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the 14 @
Let the unknaven fourth force P lie in th

. 7
an directed i an angle 0 a5 :
Al iven et oce R = SOON 2 . ;
This smplies £, - 500 N —» and £F il .
g et o Ressuion pE :

Peos0+ 2000c0s 45 - S00con20 =500 i 7

0= 44437 N

e since LFy =0
Paind 2000845 - 50082025000 g
Pang=125%8N  Or Pan0=12568N

Dividing equation (2) by (1)
Psing_1256.8
Pros ~ 444.37

0-7053*

Also  Psin70.53-1256.8 P=1333N

-

quadrant B

The arrows of Pcos6 and Psind indicate that force P lies in the 27
Force P=1333N actsat 8-70.53"% Ans.

P8 For the system shown, determine
) The required value of a if resultant of three
forces is to be vertical.
) The corresponding magnitude of resultant.
(MU Dec 08)

Solution: It is given in the problem that resultant
force is vertical. This implies ©F, =0 and LF, ~R

IR = v
100cosa + 150 cos(a + 30) - 200cosa - 0
since TF,
100cos @ +150[cos @x cos 30 - sin axsin 30]~200cos @ =0 !

100cosa +129.9cosa - 75 sina — 200cosa ~ 0
29.9c0sa =75 sina
tana-0,3987 or

a=2174 Ans

100sina ~150sin(a + 30) - 200sina =R since TF, =R
1008in21.74 -150sin(21.74 + 30)- 200sin21.74 = R

R=-228.89 N Or  R-228891 N Ans.





