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Objectives: The students completing this course are expected to understand the concepts of
forces and its resolution in different planes, resultant of force system, Forces acting on a
body, their free body diagrams using graphical methods. They are required to understand the
concepts of centre of gravity and moments of inertia and their application, Analysis of
frames and trusses, different types of motion, friction and application of work - energy
method.

UNIT -1

Objectives: The students are to be exposed to the concepts of force and friction,
direction and itsapplication.

Introduction to Engg. Mechanics — Basic Concepts.

Systems of Forces: Coplanar Concurrent Forces — Components in Space — Resultant —
Moment of Forceand its Application — Couples and Resultant of Force Systems.

Friction: Introduction, limiting friction and impending motion, coulomb’s laws of dry
friction,coefficient of friction, cone of friction

UNIT Il

Objectives: The students are to be exposed to application of free body
diagrams. Solution toproblems using graphical methods and law of triangle of

forces.

Equilibrium of Systems of Forces: Free Body Diagrams, , Lami’s Theorm, Equations of
Equilibrium of Coplanar Systems, Graphical method for the equilibrium, Triangle law of
forces, converse of the law of polygon of forces condition of equilibrium, Equations of
Equilibrium for Spatial System of forces, Numerical examples on spatial system of forces
using vector approach, Analysis of plane trusses.

UNIT — I

Objectives : The students are to be exposed to concepts of centre of gravity. The
students are to be exposed to concepts of moment of inertia and polar moment of
inertia including transfer methods and their applications.

Centroid: Centroids of simple figures (from basic principles) — Centroids of Composite
Figures

Centre of Gravity: Centre of gravity of simple body (from basic principles), centre of
gravity of composite bodies, Pappus theorems.

Area moments of Inertia: Definition — Polar Moment of Inertia, Transfer Theorem,
Moments of Inertia of Composite Figures, Products of Inertia, Transfer Formula for Product
of Inertia. Mass Moment of Inertia: Moment of Inertia of Masses, Transfer Formula for
Mass Moments of Inertia, mass moment of inertia of composite bodies.

UNIT - IV

Objectives: The students are to be exposed to motion in straight line and in
curvilinear paths, its velocity and acceleration computation and methods of
representing plane motion.

Rectilinear and Curvilinear motion of a particle: Kinematics and Kinetics- Work
Energy method andapplications to particle motion- Impulse momentum method.
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UNIT -V

Objectives: The students are to be exposed to rigid motion kinematics and kinetics
Rigid body Motion: Kinematics and kinetics of translation, Rotation about fixed axis and
plane motion, Work Energy method and Impulse momentum method.

TEXT BOOK:
1. Engg. Mechanics - S.Timoshenko & D.H.Young., 4" Edn - , Mc Graw Hill publications.

Course outcomes:

1 The student should be able to draw free body diagrams for FBDs for particles and rigid
bodies in plane and space and problems to solve the unknown forces, orientations and
geometric parameters.

2. He should be able to determine centroid for lines, areas and center of gravity for volumes

and their composites.

He should be able to determine area and mass movement of inertia for composite sections

4. He should be able to analyze motion of particles and rigid bodies and apply theprinciples of motion,
work energy and impulse — momentum.
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COURSE OUTCOMES: Students are able to

=

The students are to be exposed to the concepts of force and friction, direction and its application.

2. The students are to be exposed to application of free body diagrams. Solution to problems using
graphicalmethods and law of triangle of forces

3. The students are to be exposed to concepts of center of gravity. The students are to be exposed
to conceptsof moment of inertia and polar moment of inertia including transfer methods and

their applications.

4. The students are to be exposed to motion in straight line and in curvilinear paths, its
velocity andacceleration computation and methods of representing plane motion.
5. The students are to be exposed to rigid motion kinematics and Kinetics.

llilnit/item : Num1lta Tot | Book | Delive
0. Outcomes Topi er_od al Refer | ry
¢ PENod | veri | ence | Metho
S 0 ds d
CO01 To learn o duct - UNIT - I|v| onics - Basi
. ntroduction to Engineering Mechanics — Basic
the prmcuqles Concepts Chalk &
1 of statics, [ T.I]  Systems of Forces, Coplanar 2 Talk, Board
able to find Concurrent Forces
resultant & | 1.2| Components in Space — Resultant 2 T TLT2,
resolution of | 1.3 Moment of Force andits 5 R20,R16
system of Application
forces  and | 1.4| Couplesand Resultant of Force 2
resultant _ Systems
force 1.5| Friction: Introduction, limiting 2
' friction and impending motion
1.6| coulomb’s laws of dry friction 5
1.7| coefficient of friction, cone of
friction 2
1.8] Problems on above topics 1
UNIT- 11 14 Chalk &
Equilibrium of Systems of Talk, Board
Forces
CO2 Explore the| 2.1| Free Body Diagrams, , Lami’s 4




concepts of

Theorem, Equations of Equilibrium

method.

constraints, free of Coplanar Systems T1,T2,
body diagram 2.2| Graphical  method  for  the 4 R20,R16
and action- equilibrium, Triangle law of forces,
reaction converse of the law of polygon of
forces condition of equilibrium,
2.3 | Equations of Equilibrium for Spatial 2
System of forces
2.4 | Numerical examples on spatial 2
system of forces using vector
approach
2.5| Analysis of plane trusses 2
UNIT — 11l
Centroid
CO3 Estimate | 3.1 | Centroids of simple figures (from
the geometric basic principles) — Centroids of 4
parameters like Composite Figures 19
centroid, center | 3 o[ Centre of Gravity: Centre of 3 i Chalk &
of gravity and gravity of simple body R20 R16 Talk, Board
moment of _ - -
inertia and 3.3 [Center of gravity of composite bodies, 2
identify their Pappus theorems.
application
3.4 |Area moments of Inertia: Definition 2
— Polar Moment of Inertia
3.5 [Transfer Theorem, Moments of Inertia 2
of Composite Figures
3.6 Products of Inertia, Transfer Formula 2
for Product of Inertia
3.7 [Mass Moment of Inertia: Moment of 2
Inertia of Masses
3.8 (Transfer Formula for Mass 2
Moments of Inertia, mass
moment  of  inertia  of
composite bodies.
UNIT - IV
Rectilinear and Curvilinear motion of a particle
Kinematics and Kinetics-Alembert’s
CO4 Leamnthe | 4.1 [Principle, 4
analysis of T1,T2,
frames and ReoR16 - (Chalk &
trusses and know Talk, Board
the importance Work  Energy method and 3
of friction 4.2 applications to particle motion 10
4.3 Impulse ~ momentum 3




CO5 Able to UNIT -V Chalk &
determine Rigid body Motion Talk, Board
solution to
dynamic 5.1 |- Kinematics and kinetics of translation 5
5 problems 10
through - - -
equilibrium 5.2 Egi?ggn about fixed axis and plane 2 ;2 gém
equations
. 5.3| Work Energy method and Impulse 3
impulse moment momentum method
and work energy
method.
TOTAL|68

LIST OF TEXT BOOKS AND AUTHORS

Text Book:

1. Engg. Mechanics - S.Timoshenko & D.H.Young., 4" Edn -, Mc Graw Hill publications.
2. Engineering Mechanics statics and dynamics — R.C.Hibbeler, 11" Edn — Pearson Publ.

3. Theory & Problems of engineering mechanics, statics & dynamics — E.W.Nelson, C.L.Best
& W.G.McLean, 5" Edn — Schaum’s outline series - Mc Graw Hill Publ.
Reference Books:
Engineering Mechanics , statics — J.L.Meriam, 6™ Edn — Wiley India Pvt Ltd.
Engineering Mechanics , dynamics — J.L.Meriam, 6" Edn — Wiley India Pvt Ltd.
Engineering Mechanics , statics and dynamics — I.H.Shames, — Pearson Publ.
Mechanics For Engineers , statics - F.P.Beer & E.R.Johnston — 5" Edn Mc Graw Hill Publ.
Mechanics For Engineers, dynamics - F.P.Beer & E.R.Johnston 5" Edn Mc Graw Hill Publ.
Engineering Mechanics , Fedinand . L. Singer , Harper — Collins.
Engineering Mechanics statics and dynamics , A Nelson , Mc Graw Hill publications
Engineering Mechanics, Tayal. Umesh Publ.
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Common Unrt Conversions -
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Numerical Coalculations -
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Conmect the hesd of (A) to e Nail oP(B). The
resultant  extends From De Sail of (A) bo Phe Wegiof

of(R). P o
or head of (8) fo i\ £ (B). 8
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/")5. d S/DQC/'Q/ Case / ,(J (/"3) zf,'i( ﬁ) GAre Cﬁ// (eqy
(7%8 507% }Lq\/@ 7%6 Sqm(i //)/ie, C’{f &C?L/b,r")),

(R) ket ermincel by Scalar add 1o,
A B,

= o
@ VeCéof Subfraction

e Yesulbant diffeence befiiee e vectors (A) 4(B)

"Ybe exprsed a5 (R B . a4(-8))

bl
8 = e

\.B

o

@@E_SQ lution of eyl /ector -
/q \/QQ\‘OV W\Q&ﬂ b@ V’ngl\/—iO( irte {ZL(_::Q Cb:}'j/;‘l(.‘ Nents

/Lé( : ‘s e ,
(,auj ' L { } )

| /:c;f e)(qm/ﬁé : I/ (/Q) /S fo be VeSolyed 111to COrn/Qc)//)e///b
i A fhe s @ § b St frw Fhe ket
°fF R o dveww aparallelogay,
en e Gmporant A 3 extend Foom Tle
tal of ©) to He intorsection pouts
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Bj Co ns-frcccb{f% Par //g-/y&fdrﬂ or trian g le
(e Can f ind the R bj usr'}% Cosine % sine lawl:
Addikion o geyern| Forces:
Sucess\e o\pp\\‘Cq\‘\‘_o{\ 0? P'\—.

Ve ﬂolci Hon ol Fo\/ CLS

"\ Focce 1S a\Jector C-}\Lcm‘V \kg civce it has W\‘%V“{%o
awdh dicedkion , Travefo ; The foyce sddibion Wi\ B
O\C_cm\fc\\\\/\%‘\\ \e, Dayall O%ﬂ:«m (s -

e sine law and BPre GSiwe k%b\]

- e ——

C
%{V\Q \C&\I\J = ﬂ e é_‘_—“ = T
e NS Sin a Swvb Swn C
YEA
/‘_’.r - e - N—' ’
;‘_)_b_F_______Cj ____,____C.'Q.-_H C Stne \cwz/: Ce J, HZ_ +B -2ﬁ8 CQS -

®
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[KQMP/@S 8)//0

L
E?CI Defermmc the magnitude ‘66 S
Oﬁ‘fhe,feﬁulijﬂf and the ‘IKHZEP;./
divection W\@tSu(@p ‘:/t‘)v‘/\ the B
\(\ov”izr;\('\{:ﬂ( \ine . \

S_EJ,_Q_"—W\—E Pavall thfbmm YW Oﬁ
Q&C‘S\\\‘Coﬂ 1S Showrn Delow «

USe e Cosvne Loww

&

e %\O-:\U\ N
6 = . (AN
pd \ S ANAI
R I X i *'}/6" 1\55.
({O ‘ . | P -
6]<\ L
-

USe twe cose \aw/

R~ [(8) +(6)°- LCS)(é)Qos po' 210-8 ku
USe the e \aw fo Y‘\L\CA e o & .
S o 10Dy G 0574035
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EA2: Defermine The Cf’%j’/{@ & So that The res uf//o{/dﬁ
= fovee (s clivected /w'/'Zanfcz/gf\fo %/@ J/ﬁﬂﬁ Also

ﬁ/‘rtdl /”M f”f’%’iﬂ/% ucke  d / Fhe VZ—Z,%'(,// fon f_,. ,

480
.
Soll o
s N
Q)Wv\ ?< _ 5:
/J’_,/ N \/ _
& 7 5 N e
L RN \
P . > /\:‘\\\
J:‘E) \ﬂ _ P & I: ::"‘“.‘ ) ‘\‘.
g . Ayt N W
) B D6 ) \
e )
. /ﬂ ) ( E'g‘ ] O K
USe.  Syne \\cxw ; A
Cin X - SwW50
6 8

Gip ocn 05745 =5 X=35006
- | 2 = 5494
p("o m (‘, l’\Q’, él’“{\qy}?&' X 0
9% =180 —( 35.06 ).— 20 :64 ga
US e (osme (o -
R-] @) _e@)e) csrt
= 70"-7 K/

()
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ng Q-@{Cﬁ’é [’_ﬁ CAY\CJ /:l_))

’<5 De\VQ(W\'\V\e AV\/\Q mcmé_y')‘“ h&d@‘
et &_—p dew e\o rY) e vesul k ot

,EWL%_ oy E’_O\Q\/\ charn TN avohex”
| o - - Do Citive Yoy
aVCe & Qoo N divected OKKGY%-« “‘& R 5>§t£_b’(, J QA

_ . o
34 600N/ F\’? &l // -4
T /‘Zﬂl\ V5 o e ‘_-_;,
’ \ o
/ 2 {
o ,}‘; Fﬁ \._1::.
PR e

’:l8o-(46+3o°> 3
o

0
105 bos f)
, 7 FA

FA_ - 609 _
Sin45° Stn 105

FA = 439230

Fg | oo

— g

3’;‘#3_6_ S 105

Fg= 370 58N

(®
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/

ELL/ fﬂof 7[}\, /0;/01/;/1@ alww}o ﬁ(,;%yﬂ////l@ 7%@,0‘*?//6 (9/
So M é/t(“. //Iﬂﬁ ZOVLL[‘:(/ COMﬁOﬂ@VdL [;C

0 f A"lS any y,) l’h(ﬂ/e
Ao, Alse ==
FAc=<00 . /<
A e / !
J/FAY K
X )
7
4oo _ 509 )
sin g Bin60 o “;f‘ ¢
S =0 6928 4 5o M
L =43-85
G = 180( 6o+ 43,.85°) - '.]6,—/5"
/;—'[}J_‘; 6'00

\ T = ﬁ")' = 56056
S 7. 15 S\ 60 8 =560 N

J——— e—— Sy

FAR - \) (509) "~ (400)% — 2(500 )(100) cos F615

Or

}:AL% = 560.58 A

(o)
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;‘%——g Re selwe the 50 £b ,fOfCE. i o COrV)/Oor)ef? (s f?ql'?(I’iyj;
g @ x £ yaxes ([B) x5 owes

s
2% g ' XL
- O i

N
e ~ 5-0 < 3§ X ‘\\/
/ SOX ) k\‘\] x_ /

© /F‘,k | , L) .
/:J/ s /,,')__ e :.)_ = ~

Fx - o w
Sin 9o ’_—5;(\3—6 =5 PX.:SO NS jO
Fy-251b

_,.b:_—(?-—— B Fﬁ - > y%‘ - 50 S);’f\ 600

—

S i 90 YO 60

o Fx= 50 cos b0 =25 ¢ IU =50 5160 =5.3(L

I

-}

o\

\@LEL.\
oo »
b

B ﬁ/\_ :77’ 36)

./ i Of
, - 4396
o o Ty =e o
f_j_"’r__‘ = "i_r = '—’) LS y
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x & .‘ -
. O-?Dc\sii‘fmm Q_JK\/\Q VWC\%.V\] \\,&oi@ and JV\/\Q olffegjtfcxﬂ
So ¥, +he Ywe x—axis

_ _\__H———ﬁ__
R- \fﬁl%ﬁ +(150°- 20

)(150) Cos 115
=212, 6/\)

150 92124

—

SIS S 15
0= 29.8°

O//?‘ecﬁ/bn o/) /'Qegu/écmf L h 7[/\@ AOff; Zcml(q/
= 398475 S
= 54 8 - &'

IR | ST S

hY
@
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/Re.so\v;'vul a Fovrce into Rec-\.-qnau\qy- C°"“Ponen{-.$:

When a -Q-orgq s vesolwed into two Pﬂrpencll'wlqr-
AKes 'k-\\g_ c.om\acrn.nmﬂ Are mllel r‘echr\ﬂu\q»

c,om«\?o'm\ﬂ )
\/\]Q_ Can \"Q‘?\“&Ser\t‘ 'E‘/\(ge_ C'QMPC’T\Q«'\'&S \oj \*\Sl"'\ﬁ
Cartesign Vector notatign,

eixher scalar notationw or

Scalar Notatign:

i. ‘75
’E\i V\.S;V\S bv;jmm-\-vn: . -..F...... :
’Ld" —
Fx

cos &= F%_ = E= F coso

S"\@‘: Fy - - FSI' 5
i 7 = 7—3- n o F_y

r
Neo ti'ce {-L_q.l_ -{-LQ Sane results are Fx

obtarmasd f we “'P/’/j tle sie Law -

Eo B o By<fame [ singesi]
n

Sin 90
Fox

. = Fa = F sin(90-0)=Fcse

A‘SQ __E—— = -
Si'a 9o Si'n (90—6)
1T e LO"CQ. ¥ s AQQ-\"\,LA \oj F
a SIOPQ i Ste oad o-f_ the a»\jl&@., ‘A J
%‘«c.u \"j \{S\'!\ﬁ \-.-\ag ‘E\"'\Nnﬂ\&s 5|'M,'|qy-,'{.j.. Fax
Fx .2 = px= F(2)
F' C
Fﬁ - \o ﬁ F - F('%")
= Y= N
NewtonDesk<om
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2. Cartesian Vector Notatim:

e ts alse \DOSS;\al{ o mlwe.cenf tLL X qmij Com paments
u{_ a g.crq in terms 0{ Cartesian Uit Wectors ( a,\_JJ‘ .

Tle  unit Veckors L & | are dinmensionless a ol used

+o cles:'jna{-e the directions "‘e e QOW/?(MGAH‘.

AY
We can express de qur ... F

wm Cartesian Vectsrs as: JrFy

= , l
[ F=Fei +Fy

Fx —ni
——’(

Fx ¥ Fy are magurtudes (always positive)

whereas | ¥ J avre unit Vecrors (Positing or negativg.

Co?\ow\.qr‘ For-c_e_ Resu\’vqn{—s;

We can use eithor o{ the +wo m+LoJ: <$<-°«\qr

Notation owd CarteSiom Wector Metat/iom) to fid

the vesulamui o—‘_ Seweral Col:/a«__ar- rZo"QS.

By Scala- Notabion metlod:
2o Frx= Fix + Fex =T3x = TFx
+4 Fry = Fiy— F24y +F3y =ZFy

Fr = ﬁm )4 (Fry)

Fry I FrRyf ™ R FR

Frx | , %

FRx ¥ FRy : Resulponts 11 XYy Livechras ,l FRx m
20 )

FR . Re-‘u,{-o—«”-' / & 3 JI'V\Q(}'(M s
Fr NewtonDagk.C

o= tan'
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%3 C_artesSian ve ckor notation V"‘—Q+l¢ocl:
— . b

.‘:\::‘F'\’X L +F'3J
RIS Y

. , L FS) Ty
‘F‘L:.F’L’X(-‘szJ .

4{? F)

——\ , )
FJ’£"'F3*‘-‘+F3JJ Fixe— ' ________..__-b-F'J?'x
O Fa
e e e \
\:K= Fi+ Fz+ F3 &
[Feo N F

= Fix(+ Fiyd+ Foni—Fayd - Fax(+Fay

- (Fix + Fex-Faa)( + (Fiy-Fay +F33 )y

S U:fo> ¢ + (Fry)y
Also the MAjnn'M asol el
directr e ”ﬁ{f’t&"zqi rMAN NG o

detgrm » ned :
as m scalar nofa '™ wetho d.

Brieg-\vd .

Ix is easier 1o Yind the resultant of coplanar forces
by NSo\v{vnﬂ each Yora into reckqn.ﬂu\qr- Camm panents
wu;»\ﬂ the compments ia each direction , and
Pinally Sinding the resultant by using thy Bythagorean
Eheorem (\f— the Scalar notation 1§ QSecl) qd/or
\o_\, e e L AT (\f— te Cartesian vector

notaticm Vs used )
: NewtonDesk.com
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EXO!MP/GJ !

Ex.] : Determing the x ¥y c.c/mlbam_mhs f-

ﬁo/ vPLO. 400 N - fﬂfC.Q..
5‘/—-"\' Fx
[ ] X
ip fo = F CoS 0 6 30T
- oo CeS3a = B6.60 N —p

T“-ME; loon
+T F_‘j = F sim 30

==|00O S’'n30 = —-—850 = G5oN ‘L

e Nogative Siogn o Y Ty (ndicates that Fy
(¢ divected in the opposite Lirackim o) vey.

Ex .2 : Delermine e XYY Cowp Uneats

200 N 4
T N
s, ) e E,
+. F’X - — 200 Sin &0 le .
-~ —\3}3.2 =\FI.LN <4— Fx

.*T Fy = Zoo Ceséo = loo N T

Ex-2 : Derermine the x¥}y Cowmp orout for He SOOQL—LO’Q‘
800&\6

_‘.\ Fx = 8oo si'n bo = s14.23%%b \
4% Fy: —Boo CosHos—612.83=612-83 W

NewtonDeé

~ !
{20
co
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Exy ‘ Determing the M.,oﬂnr"l'l«otq am.ol tLZ‘Q Jl"‘\ecv"r‘w

"’?— \‘\Nl V\QSLL\"wend— -ﬁorQ . Use f\«L scalar
notakim awd +ha Carfesiom

Sod. Wector Motatitm mtlads . 1 9
’ = N
® Scelar Notation: Fi=FSe |
4s
A Frx = 21:%:7:’)6:-#77’)(21-7:;(3 L
_— N = X
=850() —625 Sindo—FS50 Sinys BING
5 2 l Y
= —-\€62.
s Fi-g25 N Fi=8Sow
= \V62.83N -— )

-\ﬁ Fﬁg = 2133: Fy,+)::-/z-r7:j3.
= —85a (%—-)—GZS oS 30 + #So e ys = —520.93

=520.97 N k
_ - ‘L \€2.83
1 +
Fr :J&Fﬂx) + (FRy) :rd & '
= \€2. - 93) = §
Kez 83) + (520.93) _YSHS.'-I—% N] ' /Fa 520.9%

-1 §520:93% °
&= tan -———-:R‘+2-cu
\62-83 2

@ Cartesian ector Notatimm :
S —N

_—
Fr=Fi+ Fo+ F3

- kgso (L‘?) L - 850(-3;) J ) + (—625 Si'n 30 ( -6256530:]"
.+ (=%F5e sin 4s ( + 50 Casls j)

= Fr = (-'62.83( —=520.93 ) N
e wnitu& q»ul {'Lg cln'red-{om af, FR are Je-{ermbu_,(

the Same Mmanner dlS"“L'L\c Scalqr otatiom .

@ NewtonDesk.com
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Ex.5: Determine the magnitude acdd o dinectio
(or or(en{—qt—:’m)m—e_cdu»e_ol C/oclum'_;e frcfm fl‘e
POS\-E]VLQ_ ’X—'U\’X.LS 0‘2 ‘L‘L-Q Y‘Q.Sul'l"a'ﬂ" f-o"c-e. £O"
the Hhree g,oru,___g ac_{'”\a Th +LQ bracket .

Sk. Meihod © (By Scalar netatian ).

i\ﬁ Fazs2Q
Fyh o\

" o
F3 x
- ‘——By-h‘x

,3 Fix Fi=%el

'y

PPy N\ Fiese b

2o Fry = 2Fx= Fix+ Fex + F3x
= |50 cas 30 + o + 52..(%) = 12€.05 b —»

1 Fry= TFy= Fiy+Fey+ F3y
= —~150 Sin Qo +o-{~‘5l( )‘*‘3912 ﬂ??zNi
R

FR = 'lec.os)1+ (99.32)" :Eéa-‘n QE] _ \;é-c’;
39.}1N

- {:_q =1 99-?‘7— ~ | ’ o
& " 12&.05 ~ bg 34

Methed TT &‘Bj Cartesian wector notatigy ) :

F;(— Fi +FL-1-F3
- ()50 c@s80( —1Se Sin 8°¢§+(3°t+°,ﬂ ""(SZ(S ) L

+ 5232 3) = (026050 ~99.32 )
T“C"\—‘me a«-al tle J;r\e(h(ﬂ'\ O‘g Fr{ as Mebhod 1 ,

@ NewtonDesk.com
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Exg : Determine tle Mq.jmu‘:udlt and the o’:hec{wm &
of e Lorce F1 So that +le vresultant Loreg
(¢ direcked \re_r{:rcstuj L»L/:h)qr;[ and hag

a M\‘}""('“J—Q A4 RocoN.

hs!
SO“\ COON ‘\ F’
+ s " & Hoo N
——p--FRx:: er Y = ‘ —
o = F1 SinG + Yoo ws3o —Goo(q ““““““ X
— F, $1ne=133.5% — () Y///
+f Fry= ZFy
Qoo = K Cos & +YHo00 Sln3o+€oo(-‘z__
= F, Cese= 2ho @
0w o L — Fi Sl'41£9-_: /33-5 R
Divide 0—1@ y @ E e T

— taqn & = 0-5s65 =5 &= Z?l
Substieute rm+o @®= F, Sin29.1=133-58 = F= 27Y4.66 N

Cx.7: Determine the x ¥ Com poremts 4 eacl, force
acfznj (ige] #Le uS.Se{- /D/q-#e o{ eL,_ +truss.
Show thot él\c resultant ﬁorq /s &ero.
.SaQ, les—zo°=7-°° &\of F::zooﬂb
Fn=©
Fro= foo(L)= 32036 )

Fy, = —yoo( s 3 ): -24o= (XT3 TANN 2V F:;:M
Frs- 300 ()= 164k / \

Fy;= 300 ( 9) 2q0db Ry )

Fq- 3002300 db A ' st s \“\7

F)q" o F? 7'03*“ fa¥e
FR=-200+320+1830~300=0 , FRy=0-240+24o402c NewtonDesk@?r@
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F‘”“—G—S n qu_ﬂb'mu.ms{ms 3

e Problems GJB. S-crco.s "I -\:\me,e A{m.cms,'ms one 3re_ql-|J
siw\?\{&.'\&g Ll Yorcas are rep re sented 'n Cartesian
Wectov -porm .

R\'3\'\4¢ - Handed Ceordinate SjS'l-eM g

We will use {:L.g r‘u'sl\l- hand rule to
Aeve\cv e ‘\:'\'\Q,mr'j of  wector qhe\o'“q- N
In s v-u\t,t\w. Humb a-e- e i
r{s‘nk Wand Poinks tn W +Ue Z—axis
When ‘e\«q &-iu\ﬂeps are cur led q\nm{. i-l\fs

axts oma lirected brom the twe X—axis to {'Lc-\"&j-qxis

Re_c.-\cqf\.au\qv- CM‘FMen{-f "£ a Vector :

A wectear A \N\Q\A \\t\v.c ong , two , av 2\2
{:L\re.e Y‘QCJC"W\&Q\QV QM'PCM_QM{-; q‘(nﬂ . \ A
-h-\o.g e ctor VS Qr'\e,v\‘EQ.k \“Q\q-lt'“& :

‘e Yo axes.

Frowm the g'"juhe:

— ——,> —_—

A=A + Az (Vector omu;{-io’h)
_— _— — —_A —3 3

bur A’ = Ax + Ay =$\ = A’X-t—Pm-H\;\

TTRe modnitude of e wector BAis determined by usi«g

e ?yc\\a\ammon thearem : A ;JQA')L+(A1)-L , but (A')‘L:(Ax‘)l-;-(‘\_\;)'

=> t‘\ =@“)¢+ (Ay) +(Pa) }

Newto r(l:ié;%}:om
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Cartesion Unit Veckors

In three Aimemsions e Cartesian
unrit vectors l.;d » k are HS&D‘ to
A_egiﬁruu-e_ the directimng o{ X, Y,¢%
axes NS\::ec{-'\\AQ\n .

Cartesion Vector Representation :

—_—

W N.?NSQA\-G\'\'§W °'Q— a e chor A
i Cartesian e ctor g—orm N,

[:/T‘:A'xi + Ay J -rAzk}

Seperating tle mogmitude and tle directiou o eacl
Campaonemt wector will siw\?\{g-\s the operatimn g o-f_
We cA-or q\je\,rqj ?d\Y{—;Cu\qu_‘j in three dimom§ioms

Pireckiov «.Q_ a Cartesian Vectar:
W€ Wil Aeling thg direction o a vector A by the angles

X, B, and ¥ , measured between thy tarl o] A and el
tve X,Y,% axes ,Draw'cleJ elej are Located at the \‘.-q.']vf A.

Ten tle avle} A, B, Y can be Jc-lerm:’n.ej ﬁnym tle inverse Gosings
@ NewtonDesk.com
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An ceasy way ozp o\a-l:oummg the angl—e_SO( B and ¥
as &’—ol\ows

We have A = Ax( + Ayd + Azk
z 3 o
= A:\];\'x-\'f\j-&-ﬂ%_"—@

a ~_ Ax; . Ay . Az
Divide &EBA'@ ’g: A*(+_7\.—J_\. k.
A

____>_¢I;- CosX( + CosSBJ + Cos Y k
T:ro-w\ &%,@‘ A
e = [ear ety ]

ety

Notica +hat +lo wector A <an be expressed as:

F’-A Cos { + A CosB J+AGsy kil [ﬁmuA Axu/ly,m,).

Sowmetimas, the dire chigu er'?. ’«-LQ e char A can be .SPecu l"'\ol
\aj two ﬂ'\ﬁ[ei & ¥ ¢ as fo//ou)s.

o AL c.o$e<+AQ.sB+A Cos X

A
A%:A C-9$¢ ﬁrm uFFer :
A= A sin @ shoded triengle i""
‘YdM PLQ Wr SL.Q-ULLJ ‘E‘Pl.ﬂ/"\\jl‘_ }F > Y

== &7\&: Asng cose( + ASsing sindJ + A s & kj

NewtonDesk.com
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Addition "'{ Cartesian Vectors 'n 3D :

m O&U'\&';W (.QV— SQL‘E‘Y‘QC'Eim\ Vg- oo ar mare Vsec{.oy-;
are 3&_9\4:\3 siwrv\i-g-ieé i § tla wectors are expressed
‘n aerms ol their Cartesian Componamts.

J ’
We have A=Axi+Ayd + Azk
N _ , y
and B =BxL+Byut Bz

__\___\__L

mhesu\-\-cu\%- R = A+B

oRo (Ax+Bx)D + (AytBy)d + (AeBR) K

—_\
Fow SCVC"AI concmrrent gorc.n.s/{:-l.( P'QSuh:-an-l- R s -

[—E: ZF»xl: + zryJ + 2 Fz k] jew«»q <o nokvoy
for two or more
Cancmrrent ﬁvrCLJ.

Here XFx,TFy,and TFz repregent tle
aljebn'c Sums Of {-Le "‘CJ/”EC'HV‘Q X,Y,%
or i,j, k componests of each force in

the Sy pers -
@ NewtonDesk.com
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rBY‘\'E-r-:

F: m +?§ +\AA7_. ( VEcltor M-ﬂLoln'f{cu

rﬁ—_ Ax ( + Ay J +Azq Veckor expressigu
' in Cartesian wectors.

ta :X(M)l + (AyY + cml] the mognitnde of el

Ve ¢to”
- Ax CoS = &‘i_ Cos = —-———F\?:
LCOSQ = —-A ? $ A 3 \( A

The divrectidnm "\'\QLU ""‘g— tle Wedi=r

{Coszoﬁ‘\- Qgsz')g-i- Qo;‘G = i} re ot on \oew
te direction argle.,.

\f: A cosot { + A Cos ]3\)—{- A Y k) e ko
QX presSsich 1%

terms 0—9 avl{"'

= sinposoirAsugsinel +p s

WNector €XPression in terms of o °"\-741.

32
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EXG\MTP\-&S:

Ex-\: Ex?ress the g—or% T as a CartesSran wector.

sol.

2 2 K3

Cos A & Cof P+ Cos \6:\
2

oSt + Cos o +CS 4S=

= CosX= \[\--(o's'f ~f-Fo3)"

2 ¥ O0-%

=) o= st"‘@e-s-): €o

ov o= Gi'(-e-5)=1\2o

"By '\V\S’?ec\-im« = A= Co

— F=F X (+ FwspJi+F @3k
= Qoo s Go )l + (@as G 60)d+ (Zao s {S) k
:‘(\ooi + lood + \W -4 k] N

Show that ‘\X‘Q “‘\9‘3“\“&&-& ""Q— F =260~ .

¥ :ﬁ:li- Fy + Fa

x 2 -
— j\bo + ‘0o + \Y4\. 42

200 N ol

—_—

(33
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D e rermiwg vl M’V\\'\-\kﬂkl o ol k-La. &\'Nc\-i(m

EY--’L 4
anglec of tha resuliant fore acting om
Tl ring - *

s

FR=2F =Fi+Fz (vecror additrm)
:(605,\_30 k)+(506~\oo§+\00k>
:1501 ~Y4od +*18ok | WA

The moqnitnde o N resulvank -
Fr = \I(Soqj-&- (-40) "+ (\&o) = @'

TN direckymm m\sl—u K,F\glow\\o’ :
Co$ o = Fx ~ .B3° =o.26Q\Z @1;(-_-7-’-\:3;_]

Fr \ N
cosBr F3 . T2 L0209y tafi_\o\l]

FRrR \91
e S LA

Fr

Fr = \} W < = \9-6
. . = lor

Notrce that B D 9o w7 P

since Fy is negatiee.
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‘_Ex\,z_ Ex\:m_u Yo g“‘"‘e T in Cartesran Veckor . Alse
Find tle aﬂﬂ!.u X, B asmol X )

~E-‘: .‘.:_>+ ._l:_% } Veckor qipl,’-l-.'w

F/'= Fx + Fy
Now: Fz= F Sinm go = 100 Sim 60 = 86.6 kv
F'= F s ¢go = loo Go = So kw

Cos Y5 = 35-4 kw

/
Fx- = F o $ L"‘S‘: 50
S'm 45 =235.4

Fy = F/ sim 4s= Se

— —_— N -\

e —
— F = F/'f' Fz = F?Cf'FJ‘f-FZ

-@E-SS-L}E*—?.S‘-H\S + 8¢.¢ k ‘

Fafbc-q)‘w (-35-4) + (B6.¢)* = loo kw

o= tas' FA - ces” 21 = 69.3°
—-——) - F = lOo
- Sy ‘. - °
B = cas™ F;'f - Cos” Qr%_ =
- ' Fa - ®6.¢ = Vo'

F NewtonDask.com
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Position Vector . A Positiou Weckor r 1S AQ‘C{'\QJ

e

as o g{xe_é Veckor which Xocates a ’Fm'n{' m
Space relative +o O\no{-l«qr Fofn'f-

(=

R T A BCXP;,B/‘Z"Q

By wector ox.nun-Hqua (“A/ 3,4,%/!)

——) _—S S

Fg = Fatr Y

S N —_—
= Y = rg —¥rp x
—_—

= r=@e{+9gi+ Zphk)-(Xal+Yai+2ak)

— \FE (Xg -Xp)( + us—%mi«-(%s-zp)q

(S\»\\okrmc’r{»\s Y Coof‘o\\'m.pc-(.r b-l_ {-Lq Jc-m{\ Q-L
e veckor r rrewm Loorcl{»\o&q 0{‘-14 M>
EXGM'PLQ"‘. Ve rerming ":'LO. &Q“‘ﬂ‘l'lt ""!- ""LQ "“—e,“t'Lcr AR
S, '
A\ QDOV‘A.\'KD\)CQA OQ_
A ‘\S (\ 2 ©, "3)

W Vs L—-’L, 2,3)
e i —
= V‘3~Y‘A
AB
= C2-v)L+(2-0))

s . .
— "Ae:[":s L +23 +Ck | Mm

—> Las =R‘3)1'+ ()" + (&) = Fm
Note

’\5 . L]
rea= 3t -4 -6k Lga -Lar

"NewtonDesk.com
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Force Vector Divected A\o"/\ﬂ a Ling :

To vepreSent vl D dine cted * B
"
\ lem + AB > Jc\nq_ A U
alony an elemen Ly

uwni k. Mector U yg M\«\HFH‘QJ
by Yl vv\.om%m'\—wakﬂ_ u-‘!- e forem. X

—
e unit Weeckor W= E? vector, Y"-”‘-y"ft‘w&
» b

——— FT-F::F’,P_T‘

E'KG)WF’.Q‘. A mon ?\»\\\S o {_\\{
-C—;fc‘ at Ppornt B with a
350 N . Represent {J«is L,.rq

; the Sypport A -
acting Sw PP IA?T/::-“: Gm
as a Cartesrqgn ector
am_gl determine the direction. X tvomel Dremd A toB

—::1'3 (‘ -"L:\ —Q\a‘im

—>

-SOQ. We Can £">\nl r cln'nec*-'n:

_— - 3 _‘?;’_il‘
(A:Y’/V’— ?-( 14 T

— — 3, L _i\‘
F-zFu = 35°(q.‘ +3° %
)

_ -1 rx _ Cogl ..3_..~€l\ e
= Cos X »
B = cos! M - Gost 20}’

r

_ -1 -l < | o :

X ol + th‘ 49 B

q,?,dn&kqm

@ Measuned between
> ) v

- (Qv’ ) i ks Y ax
w s NevbniSEecigm X e.
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’/i_t)o-h ?Y‘oéuct -

e dot '?v'oo)ud 'S a Mu\\-n’yl\'m{-\'m 0‘[ +wa Wectors,
| .
Tx vs AQ‘Q;Y\{_A as : {A B = A Ces &
NN —_
Where A and B are Wectors

and & 'S Bl O\nﬁ\{ between & A
Heir tails in which o680 -

RS

LL.C\N} "‘Q— O’f‘tr‘qf;cmi ‘Y‘QY _\Do\- \?POGLMC*:

1. Commutative law : —A% = \‘Es T
2. M“l*‘l.))\{ Caotrgn \a'j a Smqu:
°<(7‘\A-§ )‘-‘QX—I?)._’E ~"A. (xB)

2. Distributive Law: A C€+'E Y=(A-B )“'(K\ 8)

Dot ’?YQCLAC.{- in Cartesian Mector Form .

We hawe 7?: A’K(.-E-A\\j:) +Azk

8 - Bx(+Byj+Bzk

—

= A .® = (Ax(+ Ay +Az k) (Bxi+BRy) +Bzk)
_ AxBx (1-1) + AxRy ((-3) + AcBz(( k)
g R (0 + AgBy (30 + AgBa(S-
4 Az R (k.()+ AzRy(k.j) + Az Bz (k-Kk)
But C.i=W(1)wse =V, (§=0)Q) s Fozo
Lol =(V\) (1) Cos90=0 Jrlez () (1) @s 90=0
— _;‘ ‘B
—-=%LAoR~A'xB'x-\—Ang+A% 7_‘ @

J——
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_App\\'Q_q.‘r\‘GnJ o-}} Dot ?VoJMdc:
Yhere are twgo Mmaix O(.P/D/I‘Qadﬂ'm'!: (f_ffec:'a”\y l'n“s]))

al T-_hul:'u.j Jc\«g qrtalg between +wg fQ\"\u (OVNd'()V'j):

KJ?:ABQ;»s& @Qmo—:A'E
_ —'\ -K.'B O 0
= G = Cef AB] > °\<G'\<\8O

29 T:fvulx'»\ﬁ %\/\Q_ COMTWFJ flt-q-l' anre quq//-e/ G’U’(

/Peern.olichqr to a wector Cor Aine) .

1§ Ua 15 a unit vecker

. Ap g A
‘N o — direction P :
\
We \r\qve Aa = A cos & - Z —-
@}
Aa‘h jvcémc‘\. qua

\ i [ s !

- Wa = Aug GS&=A L& Tsing ua=1]

A
= (Ag-.-‘A".K

o ?QY?‘Q'\A]M\QV c,m’fc'l&.em{‘ AF’ s JeﬂrMiml_o‘
as ﬁo“OUUS :

We hawve _A;’-'I\-:"'A? = ﬁ—; =\A\_—K‘°‘

Noies Aa 15 also U\\&A &-Ln_ PT‘OjQC‘H(m oQ,. A “\5‘\3 a-axs,

* Ap 's alte called +he projgd—%«v\*g_ A “\D\J P-axi=

Yoses?
NewtonDask€om
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_E_XaMPLeﬁ: Determing ’EL\Q Qrﬂlg o between L-Lq -ﬁorc.e
F Zmdl +he PfFe SEﬂmen{' BA, also ﬁn\_,( -L-LQ
Pfojec{im 0-1 F qlonﬂ {-11;'5 _S%men{- .

Selutiow: 5 Ll &

’F;A—-’)_L —ZJ-\—‘L\(ﬁ/ YBA < .\(‘L) ‘\'(‘7—) '*() Sm
—?%C:—3J+1k_>)YBQ XL 3)'\'(\) o M

-\ TR Yee e & z)(o)+(—2)(—3)+(\)(\)
= S = CoS veh ‘rBQ - BF

'Togriu.o\ Hre Cc'vn?mm+GK F 0\101\5 BA (FBA)'-

—_—

We have : FBaA= F - Yga

[ = —F?A -~ 2 VMK

el Y B n = = =393 73

— —_— . _3 » \ S 0

F = F . MBC = 800 ( = J _‘-_ﬁk) -~ 158-9‘) +253k

a—

= Fga= F -Uga = ('7'58'93“’2'53 l‘)‘(::%(- 2'3*‘“—‘?1‘)

= @)(F)+ (F5:9(F) + 259(Y) =[590 v]

9_‘_"___5 FBA: Fc,;e- = 800 Cos /2.5 = 590 N
L

Same answer.
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2-90.

Express Fg and F¢ in Cartesian vector form.

SOLUTION

Force Vectors: The unit vectors ug and uc of Fy and F must be determined
first. From Fig. a

rp_ (=15 - 05)i + [-25 — (-1.5)}j + 2 - Ok

Up = —
B V(=15 - 05) + [-2.5 — (<15 + (2 — 0)2
I T VO
3733 C(-15,0.8,35)m
re  (-15 = 05)i + [0.5 - (-1.5)}f + (3.5 - O)k
C V(=15 - 052+ [05 — (-1 + (35 — 0)
e dg 40 Tk
o' T9l Ty
Thus, the force vectors Fp and Fe- are given by
e A, .2 oN
Fy = Fyuy = 600{ —3i = 3§ + 2k ) = {—400i — 200] + 400k} N < O Ans, of ¥
2 SN @9
{4 4 7 G~ N )
FC S Fcuc = 4350 —6‘ + Gj + :]k = {"2“”' . i 2[)”_' + 33“"}N Ans.
A(o-s —1-S,0) m
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2-94.
The tower is held in place by three cables. If the force of
each cable acting on the tower is shown, determine the

magnitude and coordinate direction angles «, 8, y of the
resultant force. Take x = 20m, y = 15m.

SOLUTION

20 15 . 24
Foa = 400(34.66i * 34669 ~ 3466 k) N

FDB=800< 6 ;¢ 24 )N

75060 T 5060 T 2506 %

16, 18, 24
FDC—GOO(gi—3—4 —3—4k)N

Fr=Fps + Fpy + Fpc

= {321.66i — 16.82] — 1466.71k} N

Fr = V(321.66)" + (—16.82)7 + (—1466.71) .
= 1501.66 N = 1.50 kN .-tn;c. )
“ Cos_l(lizt;iiﬁs) - 7e e A"n‘“ ’
B = cos“(l:s.;%%) = 90.6° . Ahs :
¥ = cnm"(_l—;":-ﬁ-(;—?ﬁ—l = 168" N 3 : Ans,

No+e : B\ Y V‘*\\LQJ Q.E UDA

7 V3%, and Ypc hawe
\aee" A'Q"'Q“"'“‘\i'\.n_p\ as \PQ..-‘-QN,

For QXamf[e ;

Upg = 2P o 2ol +isy-2hk  2pitisy-2hk
\/(203+(ns>‘+(~un" 34.¢6¢

Y'pA
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*2-100.
The guy wires are used to support the telephone pole.

Represent the force in each wire in Cartesian vector form.
Neglect the diameter of the pole.

SOLUTION

Unit Vector:

Tac=({(-1-0i+ @ -0)j+ 0—4Hk}m=(-Ti + 4j — 4k} m

rac = V(=1)} + 42 + (=4)Y = 5745 m

Ctac cli+dj -4k

G O —
Tac 5.745 0.17411 + 0.6963j — 0.6963k

tep = {(2-0)i+ (-3-0)j + (00— 55k}m = {2i — 3j — 5.5k} m

rap = V2 + (=3)7 + (=5.5)% = 6.576 m

_r_BQ_‘ZI—Z’:j—S.Sk

ugp = . 6.576 = 0.3041i — 0.4562j — 0.8363k

Force Vector:
F, = Fyu,c = 250(—0.1741i + 0.6963j — 0.6963k| N

= [—43.52i + 174.08) — 174.08k| N

= (—43.5i + 174§ — 174K) N & Hned
Fp = Faugp = 175(0.3041i + 0.4562) ~ 0.8363K) N

= [53.22i - 793 — 14636k N° _

= (5320 — 798 — BRINY o i o Ans.
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2-102.

Each of the four forces acting at E has a magnitude of
28 kN. Express each force as a Cartesian vector and
determine the resultant force.

SOLUTION

© 2013 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This publication is protected by

4 12

6 .
FEA—ZS(Hi—a'] 14k)

Fga = {121 — 8] — 24k} kN

6 . 4. 12

Frp = {121 + 8) — 24k} kN

-6, 4., 12
= —_it —] - —=
Frc 28( VR VE Ry

FEC = [—12i + 8] - 24'(] kN

—6 4 12
FED_ZS(W‘_ﬁ _ﬁ
Fep = (—12i — 8 — 24k} kN

Fr=Fgy+ Fep + Fge + Fgpy

= =96k | kN

)
)

T iy

Ans.

Ans.

©Ans.
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2-107.

The chandelier is supported by three chains which are
concurrent at point O. If the resultant force at O has a
magnitude of 130 Ib and is directed along the negative z axis,
determine the force in each chain.

SOLUTION
_ L 4)-6K) _
Fo=F \/42+—(—6)2 0.5547 F{ — 0.8321 Fk B
FA=FB=FC

Fr,=SF; 130 = 3(0.8321F)
F =521P

© 2013 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This publication Is protected by
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*2-116.

Determine the magnitude of the projected component of
force F 4 5, acting along the z axis.

SOLUTION
Unit Vector: The unit vector u, 5, must be determined first. From Fig. a,
tap  (18-0)i+(—12-0§+@©-30)k 3 2 ¢
wap = 2 = 7 : L =Zi-2i- ok
TaB N8 -0+ (—12-0+(0-367 7 T° 7

Thus, the force vector F,  is given by

Fuy = Fopuyy = 700(% - %j - gk> = {300 — 200§ — 600k} Ib

Vector Dot Product: The projected component of F,, along the z axis is
(Fap): = Fap-k = (300i = 200§ = 600k) -k
= =600 1b
The negative sign indicates that ( F )z is directed towards the negative z axis. Thus

(Fag): = 600 Ib t A A

Woap

N

| s
B(18 /2,0t

=%©

—_— VA° —36\«
36

<
5
l
)
\
|
>
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MOMENT AND COoUPLE :

Moment ol a Ferce:

_M WA o - u-.Q. a s-'bf‘ul. c\\ocru’c a Po{r\’c Qv O\XI.S PV‘OVHQS
A wmeaSure aﬁ -'ELQ 'E'QY\AQY\C.3 c’g. -ELQ_ g-erc.o_ +o Q—"UAS'Q
N \aolj Lo votate abaour t ?Oi'\'{' or axis.

T"."m ‘\'L*& Q-\‘Su\r-e :

\qx{s
Too Yeree T oand Y point o \/\-{/

/Q-'e. in e P\O\’\{_“,-a. wmaowment M

about +le poink O, or about
an  AXis PaSSiuj fLroujln o)
Ak ‘:erpencl{w\qr to the plang
1S o Veckor °.\_uem{¥_i+3 .

Ve masnikwh of tle maoment M s : M=F-. e\\

Where d 1S e Mmoment arm (tLp. Fer/?enJ,‘chq,.
dis+ance ﬂrcm el )Doz'n-l- O +o the line 0-{

action O‘g— F)

The units 07[ maomtents ore A;)’Ce Units times 13'171"4
Units, €-9. Nem , fb.ft , ... etc.

e directiom of the moment 5 V‘efare.!en'l-ecl Lj (\4

or m . Here tL\e C’oc‘:wl'.Se ro-(,qt'\m s <°”S{<\Qr—q4

It be PD.SI‘f'.V‘e wl\.zrecu -tL-e Couné-ercloclcl«lf.fe Yotatimn

'S nejq{-ime )
: NewtonDesk.com
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Exawm ?le_ :

-F\'V\A; "c\«o_ VA CVAemt "P- t—l«l 5 A -ﬁorc_n_
about +a Ppoint A.

Solutxion :

o kN -m ) T
SN

\]arijnonff heorem

i

\lo\r(jnon"J th€srem Says that -E:Lsg wmomemt of o K_Q,,.%

Al out O\Toiv\’c LS L".\_\u\\ o e Sum 0£ ‘E-I/Q_MOMQV\{-S
ol te f—or‘c-o.ff C-oMfO"ﬂ’l'f'S about 'ﬁ'LQ }Dofn'(-_

For ?.)c.qw\:? le 2

‘ Felo N
The Momemt aboutr A dva +o F is: &
MA:-‘-IO*S = -Bo F,(4.§_r‘:3
= SON-N‘)

G m
Y\
Fx= F(2)=6N

I\ VPRRVEY IR about A dua +o Fj v S

M‘:—S*H:—?az = 3 N.m‘)
The moned q\am*RAM@FK.\SZ
M, —6%3= —\8 = \g N-m &

M, +M2 = 5o N-m ¥)
Mp = 50 N-M ¥)
— MA-’TM""MZ 0.k
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ReSuL-&qn-& Momrent o/q Sy-g‘Le-M Of Ca/)/ana,‘ FZ’CQ;:

Resultant montout MR Of a -SjJrLEm o/ Co/b/olnc{)"

ﬁorc.es caun be determined Iﬂj ac/J:'nj the miowents

O,f all Porces aljebraicﬂl‘(}:) Ce. Me = 2 -F\J]

For 'Q)cawll:s’e : v Gt - | 3+
T 1
G(MI.) _-_-5*\:5-“%&!-(9
A Fi=5 4b Fe=€ b
G M, == 6 ¥3=--\%
(M)A = 12 Y- &t j

“—‘QG(MR)A = 5 _\g = —\3 = \3 &\og-{- §

Cou\ole :

Coulo[e LS Clec"*tel as +wo /Darotl/e/ ﬂorms é—L.q{— l'tqm
the same Ma-dm'fucb./ 010/005/'{-& J:’hec{—fcms, and are
Sepera-t-eel Lj a laerpeﬂc[fc,u(qr c/l'h"ance_

The movmient FVoJuce,J L’j a c_ouplg _‘q\b_]_—
s called c.oup/e Moment Mc, 'd

and 1's /Mc= FJ7 F<a—n
Wt\.ere/ F 1S a Majnl‘f’“i( 0/, one 0‘[ "'Ze \ZO"C(J,qnc/

J i $ fLe Ferpencll'culm— Jl'S'l‘QnC( be{—weeq {'L(
two forces.

The aﬂb effect of a C_aupla IS <o Frocluqqro{‘q{-fm

_SI'HCQ -tLe Y‘e__sultom{— °"Q fLﬂ_ tWo “Lor‘q_r l's Z . ro.
NOz'{:'TLe Cau‘:\-o. ™M haamt

i [ VLR, Ve e ai gt sy Foi;
iS5 alree veckor | ' ~NeyyonDesk.coh ™ -
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Ex. Dederming e m

onitude and tle direction of
BV couple- . W
S . '

/{»EA/

\owj

Mc

F. d
lox2 = 2o ld\‘-mc\

US""‘:? a-{_ Couloles in  Statics :

@le\qn.j.’u.j tle ling 0[ action oﬂ +‘L¢ ﬁﬂ"q:
We want ‘e wowve the Lw-u T Prowm tlo Poin{- A+to®R.

F) B Aoy

M=t%.4
\, L \v\*roAuu
DT e °PP°S‘H .o h eauivaleat
to at ® V forc - corup la
reas .SS‘SM
@ Reduction

of a forca SyStem to a force and Qoup(q

Fi | |

= ;]:qo\ -+ i@M" + | M,
B Fe Fs
5 My _Fr
oV My = VMg

R4 Fo |

Conwmrrent FZ’Q and

Porco s "“fle
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Usfnj the Moment Concept to Find the Resultant of

Nonconcurreat Forces: FR
We want +o Hind +tla F gt
M“ﬁv\'\km, direckion = \ Iy l \
ay\)\ Xo cation °"Q— g‘“‘k ‘Fd' "711.
Y‘QSMU?'@\»\{- F& . 7+ 2 : "i
3
d

e 1 y "

WM. o0y tude ©  FRr=< JG:R::) + ('Fp\\,)l Fry
e &'\Nc&ic\« L &= Yax “:& l&:

| Frx Fr

Fr,
e docakion - Q:R)gg +d = iy -4, +(Fa), '41--633\5- d3

(\/qu'jmm's +‘~L¢"Q*\1) .IKMR)O = 2Moj
this €auation qines e »QOQM-{OM d :

Ex. Determing tle W\AKV\'\&\&& y c\(mck-itm, and lOCm(‘ima
of Ha vewltant Sorcd from the point A .

sd. LT —
+¢ Fg§8+6+Q:\81<A1L 5 ‘L Jr L
Q-(MR)A = ZMa ‘}r‘zm A . ’J{"Sm’{‘

18 #d = 8 %2 + 65 + 4+*6.5 | l\'gu,o
= A = L\ m Ae 4! Lj,
——F
U g
Note : We can ﬂl’nJ tle distance d _ R Zictq‘
bj {':qk'u«a {-La_ Maovment about an PQ;,\L_. o
For 'QXQMFLQ, o\'aouﬂ' t':LQ LOVCQ 8\‘3—' ‘3*7(:5(-‘)-&(‘,(!;.5-}

=DxX=2m=>l-2.2
NewtonDesEckrm
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Exqm\o\es about Moments and Ceu\o\es:

Ex\: Find -E\Mz moment o‘- each o£ -E-L;_ +tWo -v-or-ceg

Q\QOHE 'E\\L ?Qi’\k A . Fl‘z-st
30}
Aa 2m 5m
Fi &m
SOl. 30:
3\,/‘ \
-Fo\f F| ."-"’—’—--. - ' U
A 2™ 3
i Fz:SOON
Sin o= A—z'- = A‘: 2 Sin€o=L|.Z32 m
+ M|:F|-¢l\ — 2SS0 ¥ |.}32 = 433 N . m Cﬂ
I‘—Q—-ﬂ
For‘ F?. A .‘.‘~ =
i
3 _ 4 NS
\
i = S=4.5m s‘_\—‘\'* P
F-4.5=2-5m \\\
&=taw' 1 - 5343° y, N | \ . :
P vy
- ﬁ”/.
Ao~~~ -~ .)\r
c\z: 2.-§ Sim 53.03 =2y Zes N —Q"M.o{.qu.;m_‘
k] Sco N

G M?.. = FZ-J‘L = Sco %2 =1000 N'm C‘\

Note : 1+ 15 easSier to use \lanjnon’; {'Leorevvl in &hys Qxamr:le;

M, = 250 cos 3o (2)= 433 N-wm

o
For Fo : M2 = 2°° (L)(3)-500(2) ()= tooaNem

(S ame Trelu l't's )

Sk
~ NewtonDesk.com
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@j’f’”’ﬁ’ﬂZ'DefermM@ zl/ne moment about Pt B of eaql
af 7[/‘6 ‘7%/)’(‘.’3 OVCQS qc/;yg_ o 7%/6_ é)edlm ﬁlzj?ﬁ [1-50 %4

A
So /. : KR q J o5

@Ml'a—-B?BCH): ~4125 Jb. f- v 8, 6ft ;n— Lb
cFARs Lbo D - 425 Kiio, fee

G Moz ~s00( L) (span - Doow L 1
=2.00 P FED

(-f’/vlg = ~7160 8m 30(06)-1-0
s —do b . FE - q0th. 06D

e MR L6166 6765 Lb-f¢

Lo ]
5) NewtonDesk.com
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EX,C(M lesFor the Powey pole . Deferning fhe vesu/fant-

o
re;ﬁf:f;’i the bage (D) . Then deterniie Hoe

: Filine (A) vemoyed,
So 4, |
GLMD‘: ZFO(
= =700 (3-5) +950(3)+400(4) 2% [
= 500 Ib. fE (‘A

llf /4 /erIOV€a/:
MP =450 (3) +400(4)
= 2950 Ub. f(‘ (-b

| S—

Exan oledDefermine e, arﬁ/@ () (O°S < 780%) of He
force (Fz 4o ) ssthat it Produc (@) may;ypms
Moment about //—?) and @"’7//1 Wqéauf‘m_)'

NewtonDesk.com
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€ hf';l/‘ﬁx.: 4o ‘(89)1_1_(1)&

=329.84 0
~/ |
= ban (}%) =14.09

fl>&: 95— /4‘-0‘4.6‘ — 75 96 °

min

03)" Wﬂ)_‘-:':o . Kw e 2

8

O=180 ~14.04 =165.9°

—

Emplesyetetrize the pagnitte o Hgihire!
sense. of the V‘a;gq/,lm[— I ).

iEo,\/
(- . - Y - LON
§Lq. Aa‘ 2m 2m 30° |
' | : A Q0N
& MRA =MFd >
= Bo(2) +60 (0) ~20 (3 Sin 3,) 4o

+ 4o (4““ 3Co$ '30)

55
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ExamplegDefermie, fhe moment of fhe couple . | |
PR
Jme i 3]}4{
Soli It js oliffiealt b6 - A, ,

determng the /Der)oen olicular 2w 7 s
disfanc'a befriecn the foyceS.
—lhs%eap/ we Q) feSelve each /fomfi jrto @quﬂewfsl

and  then use (/argcmé. Hheovem .

90N
Fx = 150( L) 1201 S

. A
FB: 160('%‘) =90 N

B | 20w

N\ A

Thete ave fide C_oupl €S ~ T?o/v

My =120(1) =120 N-m B
Mo =90 (3) = %F0 N-m D
= Mc ;1zo'+z7§ =290 N D
Notice flat the Coupl e moment can be act al

CIV\'j /90/% o/-g' /fu& Member - 4\’3,9ON-W\
Since. k‘\/\c_ Mg Is F\fte_ \/ed‘ow‘, L ) ]
Y- ¢ =
?/455 jf
<1 il
| g
™ =P (d+q) ,.P(qb | [
=pdtPa=paq Mn?(%) —1—?(9\?:5 :PO(

= P o{
@ NewtonDesk.com
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Ekqmp e.;:/?ap/C(Ce 7%5 /UYCCS af/ff/% o The bm‘«Ce %\

an QUi alent resulfant face ard couple mowww(/é“
C{C{‘wﬁ_ at PO/nlL /”}

Sod,
FRx =100 400 cos45°
= ~382-9

=382 .8 -— .

FRY = 600 ~4o0 sin 45" . _852.8

=832.4 M 4’ 382..8
=2 :
he (382 &) + (8828)%
= 962.ZN fr 882.8

G-ban' [ 8828

GB MRA - ZM,«; = 700(o) +600 (O~<l>"f<’00 S'h45\o(°'8)
1400 Cos 45° (0+3)

= Ihe R uiyg |edit SHstenm

NewtonDesk.com
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55%%%&?’@% the /Qdf&.sddm qcﬁ‘rgz,m Phe b eamn
éj an equiyglt-  force gnd Coxple. moment at
/Oo,%(‘ (B) 2.5 kv (_gq{w »

-y
Ag B

GAZ‘/\/]B = “2-5( §>ﬁ6—7'5<c°5 30)"2' = —71‘6' '
= 71.6 /CA/-M}
SN F(QX:.ZFX |
= =2.5 (%) +15 sm30° = —125
= 7-25 f/<—
Ry - 1R
--25(2) 15 Cs30-3 .58
-58 ko |

= R Ga)e L 593 4

—| 5.8 | - a
@’:. 'éq!’) ;/—zs—):718
O~

Fe

N I= -‘;@#6 kas-m

Fr8 K
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)-_-xqw\f:\.e 9 : Determineg the MO\QV\\'t\AiQ/ clirec*l-:'mm

Sk .

MaJm'MQ_ !

dinectom :

q"\-“k /QOQK'(-I'O’M ‘-"ﬁ -(—L.. V‘ﬁJu’tqnt,

(wreh respect to Point A).

Soo N

60'>\“ r-————-b-\oo N 71:..05_
=TS
5 E

200N
L ¥ y \e /\',
T om "Ly Tim? i
”m m

FRX: 560 ceos§ €o +loco= 3So N —

Fry = — 500 SfuGo +200 = —233 =233IN §

Fe=-|(3se)+(233)° = 42 .5N \ R
A/

G = -(_-qn-’ 233 33-70 -
EEYE ;

kac_q,h'm Wl"(',,\ V‘eJFﬁcf— t-o d"Ol'n*‘ A -

FR_\, . d = F|j'&|+ T‘-’&J-Jm +I-‘33.43

2323 xd = —s5oco sincCe(H)+4 200 (2-57)

—_'ﬁ A:’

+ 100 (0-5S)

wgz-\
233

= S.0F M

i l}ZQ-SN
31-?}3 M4
Tle C—;qi\lq[.u# Sjj-f&m : ES

+ ¥

S.0F m

i, 7} NewtonDesk.com
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Cross ?roéuc-t 0

-W\Q g—ormulq{-fcm "{)_‘E‘LQ ™M owies + I Cq"tce.flbn Wectors
Ae.\:vaJ W  Cross Froclmc.{-.

e cross ?ro':luc{- o twe vectors A avd B s
| - N
C = RAx®8B

e Masﬂm'l"‘&ote G'P- {—Lq cross froJ,uc(- 1S :|C=AB sin 0‘)"\(9&\5]

e direchtiau °-£ the Cross }?"Oo(&d Ve ckor G represent
He dirvectm of the vector that Te»’(sfml:'w(q.— to
tha plane c—em-l—qv'm'rv tha vectors A and ?, base_al
o e r‘\%\«\r Wand rule Qwrl:'uﬁ ta ﬂEf»\aerJ df r.3h}
vood brow B o B, e thumd points in de divectiou
& ). c
We can Write the wector

—

C as :

Axg

A o
WAe S
uns t wector

{—E = ﬁ x_g = (Qg Si'\@')—dc

Laws ce. O'fefq‘b'cm .

—

1- A x® # BxA  Buwt (AxE)=-(ExR)
2- q(ﬁx“ﬁ):@xﬁ)xB-— Kx(«i‘):(r\;xﬁ‘)c\
3. ;—Q\({*;): Q‘T\-*i‘)-\-(?"ﬁ)

— — — =3
&oﬂ;lf AX?:C.{’LQ’I BXA =—-7T Aﬁ
A v MR
@ ~C NfgwtonDesk.com
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-\ . —_—
Now, based ou C = AB S’ O Uc , ur hawe -
- = I T

LY\J': L'J'sl'né-—b—{\c: 1 XL Xsmyox k = k

- . . — , _ k

ka:(k St We T 1-7(17(5\11905-—_):—3 ‘
c!%

cee--@tc. J

-“'-\Q, CroSs *FrQoch,f in Cartesian Ve ctar QXfoJfI'W l‘f;
AXR = (Axi+ Ayl + Ak )x (Bxi+Byj +Bzlk)
- (ASBZ_A%EJ)(-(Ax%-‘e—ﬁsz)j + (AxBY-AyBx) k

—_—

s valwe OQ A
AQ-\:QYM'H'L;.\;\{- g—ofM asl .

XE may be written \n <easier

SN Cdk
AXB = | Ax Ay Rz
Bx By Bz

Moment o-e, a Force in Vector Formulation-

Tn veckor Yor M\uh‘m, -l_L{
M4 o-'_ &-f-o"C( Fqu).
e Pos/at O Is :

rM°:YXF7 - -
e M_%lv\v'\-\kb\';"% Wm 'S -

—_———
Mo = v Fsine r¥sings Frsine
= Fd

-M Ai"&.c:\'t'ﬂ"\ *{{ ﬁ\o o\o{:q{-«_a_d lgy " R
curlfnj tle f:'»t’erl of RH Frowm dashed v +o F, thow
tz‘t t}mmf? rﬁf"e.{tafd ('Ze Jr’»edr‘m. ~

@nDesk.com
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?ru’nc("lf "ﬁ Transmissibility +

The mowent Mo can be determined by applying
the cross Trod,udc ol the positim wector + from
e point O to Ay Pornt ow the Riwe o{, act)on
°'?— the Yorce F. Thys ]Dro/ae/;‘—j 'n calleol the
{"VQASMI'SS;L;/;{U and (€ 18 useful in 3D awd alfe 2D

bec ause the perp enolrcular diitance d will be not needed

&M"—YWXF

< = "1."
4 1 X
=VAXF

;/i .
A\l
Ai'we U'L ackiom .. 47 e N

‘b_F

Moment o—Q_ a Forca aboutr q S'Fecx'ﬁfel Axis :
For example, 1o hiad g &2

momemt G&, -QK( Q.wq'p F
abrut the Y-axis + ~-
- Find the momak 4 T abut ‘\ &RA
O\\Mr\vﬁ-d‘" j-O\'xgg (Sajo) X S~
M xF \\

— Mo-YXF 3

C.

_ Use the dot FraoLud- mcv‘vl-
My : M owack dbout

My = Mo~3 —(er) 3 1
(Cmfn":c:i--P,M)

NewtonDesk.com
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In generad | 4o $ind the
momem+ “ﬁ a ‘pOVCQ F

about an axis a

F
e mﬂni%\&o\g v'[)_tl«q moment Ma 1s. Ma <= Mg t;

—_— _s —

Ma= Ua - (¥ xF) = rx Yy Tz

— —_ Fx F_y F_zj
anol Ma = Mgy « UWa

N‘QN:
Mq'x 2 uﬂj > Uag *‘e\?h@sen{- fLQ xX,Y , % C.QIWFO’HQ'-'{-_‘

0{ ‘bl\.Q umt vector Ua .

4y ‘7
e 44 4y (¥4

o.f. tke POS”:-fO“\ Wector ¥ .

¢ 4 v

Fx > F) > Fz I “ "
A the Foree F .

N ’?03'\*' O s any po;’n-} ow +he axis a
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How +o g—\v\_ét -E-\«,; d eevminanl value ?
The 5&%’\5 g-or‘ Co-c-O\CfQY'S

+ - o+
- 4+
+ - +

qumla&:inﬂ e determivants :

—

D Fer L X ¢ dererminant ¢
\al = o
Ex. |[-4]=-¢4

) For 2 X 2 detrerminant :

: : = ad -c¢cb

L
Ex. _ _ -
x 1| = 4(3)-21) =lo

DFOV' I XK Aei—em'\qnt :
' Copy the ftQﬂJ
Z"J C.olumn
H ® @
Ex. 1{
2 | 3
A= {3 ~1 ~z] Find det.p
2 3 |
- (=€) (.
Se\. Cn @) detA=-2_4
Y23 v 6
+\2 -3
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@ For cletﬁrmﬂnan'\:s OS’- qnj SizZe

™is wmethod <alled (expansion by winors) :

awnw ayz a3 X
S
azt  ary azy| = an A+ aiz Azt g Ay (brom L row)

ay A3l Ay
or = A2 A+ a2t Az +a3e PR3z (Trow 2.""01.,,.,,,

aor &-rd\M any row) or Column,

C Ye s\'w\Q\KS\r_j T8 By Q—Q\leq{(w,*l:qlv.e row) or <lumn Wil
qreater number oA zerces.

EX. Find ‘b‘«e detrerminaant gi-‘"‘ ‘t\'\l, matr X :

2 \ 3
A = [3 -\ -2
2 3 \

sl Vake '1}* rows :

A+

Ay = )

- =2

= (-1 %1)-(3%-2)=5

3 1 ‘

A=Y |2 T - [er n-Gr) g

Az '-‘K—‘)H-g J ®

;‘/ = (3*%3)-(2x-)=y

# éef. A = Ay Au-l- A2 Al'L U3 Al3
=2(5)+ VP +3 ()
= 3§ | (Sm«. resull-)

@
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4-42. Determine the resultant moment produced by
forces Fy and F¢ aboul point O. Express the result as a
Cartesian veclor.

Posltion Vector and Force Vectors: The position vector r,,, and force veclors
F, and F_, Fig. a, musl be determined first.

r,, = [6kjm

F, = Fu, = 780 Q-+ @5-05+0=6k | _ 05700k N
JO-0)1+ (25-0) + (0-6)

F. = Fa,. =

420 [ 2o+ B+ OOk | _ 1501 - 1805 - 360K] N
V@-00+(-3-0) + (0-6)

Resultant Moment: The resultant moment of F, and F,. aboul point O is given by

M, =r,xF, +r, xF,
i b k | J k
@ M = {0 (V] 6 |+ |0 V] 6 @
0 300 -720 120 -180 -360
= [-7200 + 720§ N-m Ans

8(g28,00m

¢

Briel: @ i

=N —

——— N
Fe = Fe ?ﬂn > Fec = F¢ Uagce

| Oda Cho4a 190-250ndd 220 = 1200 O:NMMII I
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4-55. Determine the moment of the force T about an axis
exlending belween A and C. Express the result as a
Cartesian veclor,

Position Vector:

r., = [-2kjm

Unir Vector Along AC Axis:

u,= GG, 04

(4-0)2+ (3- 0y

Moment of Force F About AC Axis With F = (4i + 12§ - 3k) kN
applying Eq. 4-7, we have

M=, (r,XF)

08 06 0
=lo o =2

4 12 -3
= UB[(0)(-3) - 12(-2)] - 0.6[0(=3) = 4(-2)] + 0
=144kN-m

_'%Y‘\'Q-‘- .

—_— '
Ac
Uae =
Ac Y Ac

— —_—
Mac = Uac - (Fea ®F) = | veax ey ¥

Note: C /s « fafrn‘ M AC [rne [5‘!'“0.015 0]

F = {di + 12§ — 3k kN

Expressing M, . as a Cartesian vector yields @

Me=M, 0,
=14.4(0.8i + 0.6})
={11.5i + 8.64j} kN-m Ans

uk_' Uk,’ 9

Fx By Fa

O4a C104a 190-253ndd 230

611200 83421 AM
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EQuUILIBRIUM

WL\'QM A System °r£ 7£°"'C0.I a_c‘f'l‘hj o A IOOAJ L\_qs no
result-ant ,JcLu. \aolj IS 1w Q&\.u'\\i\or‘ium ,

e Q%\A.\\i\or'num means f\«n\‘\' *‘\«n. \GOAJJ Yemainf 1w

) S‘k-qbi\\'-b\j WS both rest and \Movivxj Statesr Iy

Prrse Mewtous law -

Here, we will S-\-\&c\:) the static ﬁ.q_u'\\i\arium,

Ac_c.oré\'vxj o *-\\L Ne\.o&cm'x ﬁn’r_H- ,qu/ {‘L:. Qq..\w\'l'l'tm.r

Lo tlee r'{gié \GOA:) in +he ?\O\NL are -

4 e guiljlorium
P oest’
T Fx=o : T
2‘:3—' © — x
2 Mo = |
" 8 © FS I

wLe.we 0O 1S qnj Pofn{- I +L0. ?Iam_e‘

F ree Boéb _bia\%rqm (FBD):

FBD is a sketch of a L"‘l] or a portim e
60Jy c_amP/e{-e\/y I’JO/a.'('CJ (or #reg) ,Erdm r ks

Surroundings .
By using FBD , the unknown forcas and momeats

qc{-u'v\j M a \ooé_j can be determined I’_V f[\l.

three ﬁ,.q,M‘{'l'WI .,-2 Lq,u.'l.'brfum.
We vneed +o knew +three f\«imss belere 5*‘“&3(»\3 -

to Araw TS v ng 2
NewtonDesk.com
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() Support Reackions :
Were are Various “ij&f °-,( reactiow f 'Elxq+ occyr
at Suppert: and points of Support between \oolie.r,‘

Subiecre ) o Sevces.

\yee ol Connectiow Reactiom No. of unlknown

@ C_o\\o\e

j\ ?\ one Cension fore)

_—

F
Ll'vtk ?\ e
@ F Fyv\ one (dension or

C om PreSI oM )

oneg (reactocm GLHKQ

per M\' il *o +L,\

surface at +he poinr

o

F L&

Countact ) )

V44 ce -,
Cr P
[ 4 I

(5) Smeoth contacting ,
SW‘FQQ 4 rcr e
lr ’r e
oS-
—>
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Type A Conngctitm

React’'om

No. o,f Un krnowny

| Ro(/er on Confined slot.

%

one (reaction activy
'Per‘:en&\'ow\qf -0

vl Swrface o+ #l
Point of combact)

@Me_m\oer \‘J'\v\ conneded
<o co\\lar oM SMooath

vrod. )
&

one ( 7/ Py /)

Vard 7 v =

Memb ev F(KQA
connecked to collar
on Smoeoth rod .

‘%
J -

—T'wo( orce and
moment <t the
juh,&ti_on Foiv\t)

@ Slider (or roller
Suile).

x

wo(/l e

@ PI.H (or Iﬂ l'nje

support).

TTWel Companent;

of force or
Majm'eugle oqu J«'»ech‘

'/’- resulia,t gowq ) |

@ ¥ XQA S“PP°r 4

2

/ E‘{':-_

_“""'E.f_(’cuo Camp a4
A Lterce A 1 A Mok
or resuliont forcg
anc.l MW{»)_

NewtonDesk.com


https://www.newtondesk.com
https://www.newtondesk.com
https://www.newtondesk.com
https://www.newtondesk.com

NewtonDesk.com

@ External and Internal Forces :

Since a rigid boly is o compos ctioy of particle
both ex+ternal and internal «rogolieugs May act on ft.’
On’j tle external iocuifnjs are Y‘G/D)"PSQH'FQJ au

£BD because the et effect £ ruternal forco,

oN tz\-e boclj 'S Zero.

(@) Werght of o Body :
When a body 1S Su,a\iec{-e_J te a gravitatiow] breld
thew 't has a SFecifieJ weight . Tle werght of {-L:
bon ;S belor*ejen+€cl ‘ij a resultant force directed
located at the ceuter of gravity

JawnWO\VJ an

af -PLC )aag - Rememéer W= m *j

Proceclum For Dfawl"tj tle FBD:

|- Isolate +the )aoij Erom 1ts constrainig GMJsznecl-m,J
omJ Jﬂlw 't ou-l—/n'neJ .Sl«qu.

2. IJenf)’/‘j all tle external forces and momtents that
act on 'l"L-o. \90%.%3 are jenerqlb QLU__( {o:
) APP“eJ /(aac)l'njs-

(2) Reactions a+ *’1«4 S\A")For"‘ts or at "&k Po."‘{"
"p centact wl'tll OfL.Qr boerr.

(3) The weitht-of e body -

@ NewtonDesk.com
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Ex.i: Draw

TRD Por 't'\M. b eam wl'{',a Ma §§ lookd
\2Zo0c N
i& W =mM *+9 = loo ¥ 9.3 d
= 781 N A:f: — —
TMe ¥FBD 15 MA

= =¥
Exz : DPraw FBD [or &l Yrame .
’—\'W“" y
\ m Twg Z 5
B —
2
A
sd. T-BD (5 Sshown below
= b
q_w.m 5 _r

R I

Im | 2m
- 1
8 W

NewtonDesk.com


https://www.newtondesk.com
https://www.newtondesk.com
https://www.newtondesk.com
https://www.newtondesk.com

NewtonDesk.com

Ex.3: Two smooth tubes A ¥ B, eacdl, \»\.o\vinj Moass
A 2 ly rest betleen + tnclined =t

qu’ces. Draw FRD for rube A, -\:—‘-JOQIE p
and tube A ¥R tegether

Sol.

\NA =Wg = 249.91= \9.€621L N

FBD +tube A TRD ‘ube R

Here, R not dirawia
because 1't intenal

force .(R in FBD A
and FGD B cuance])
each a‘tLer\) :

@ NewtonDesk.com
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EX.L\ ., O raw .FBD ‘-av- ‘\‘l&l_ YV\QW\\OQ" ABC.

- A /n
w “'\0 | :
¥ B% ‘-lkh’m
de [V P
T gm 7 Em
s&.
5 b ¥ o
\\ i ﬁ"\w“ D
| — (
7y, V‘T
7Ra . Re
o

EX'S-: DY‘AW ¥Feb X‘bv‘ ‘\'\'\L \'\““-\\-Qrm \:q‘_ W\A\'Q\,‘

Was a wmass 0{ oo ko q*l.ﬁl a Ceurter cr-:f
G . e Supports A, B/ and Cane

Ma SS

VAR ¢

A w=1\00%9.5l
= 9@\ N

o ——

@ NewtonDesk.com
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S\or(vxﬂs : 10 we have a \iv\e.an-lj elagtic Sfffnj ,

( Xinear means thar the change in Rength i
proporiional o e applied force , aud elastre
weeans thaat tle 519"1‘1\0, will returns o (s Ofc\'yw'nq[
Slao\pe alter the al]aph’efl force i's removed ).

velo ood; qf-{-e/ Roedi “'vﬁ-k’.f oo 1
et Londig Cpat) 7 oy Y
Aa_g LiLl L4 L&t v £L 7 r/,g_.'
SPring 3 £ % !
A .
A i-F
F

/Q: or{su‘r\_o& M\J« OQ_ \:LQ SF'"»@ .
A~ C\‘kﬂ’\aﬂ in &Q'\a{?l\ a_p_,(_e,z _,Qo&al |'w (eloryq{.,rm or SLOT-R'H"U_)

ch.L SF"'@ Lw«s a S%—fﬁﬁne:{ Cq“ﬁcl SFn‘nﬁ Conllquf or
Spring s+ fLnass , denoted LJU«) , and Je‘cl'u_p( as a force
needed to cause a unr’e ,Qe'gé[: o-l Clwve in the 0’{7:’@1
_slo"n"'g ,Qeyy# The umi'ts b{ k are ( N/m , kN/m, QL/jn,,.-,Q{.c,‘

“The m3n{k«d{ f e Yorce exerted o a Spring whicl,

Was a serffmess b 05 ¢ \F: k. A

For Qx“""f’le/ 't k=500N/m , then the force needed +o
c\\quse ‘t\& ie&gtk O‘£ tLe 5}’""‘:9 Lj 0.-2MmM |§:

F=1k.A = 500-/\—/-
m

#0.2m = loo N .
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_WQ ?V‘c\a\emi oQ_ E%u%\&\orium "e CO/:/Omar rT:d"Ce.S:

]

e g.-o\\owimj Twe e.zcamplu ([lustrate these Problems.

Ex.1: Determing tle temsSrTom in cabls BA awd BC
NecesSary ‘e 514]9]70»’{ H«Q 6‘0-1<.J cj/:’ncler.

So|u-l—v'q:1_':

W%'n’»\nl.u-t 60 ¥9.%]
= 58R.6 N

D
e dentigu in cable BD i Q—“{_w& [Hm
Lo N\l %1'3141- *E e cﬂ""\oLQ"

- TB‘D: 56%'6 N '
\—‘;w:S%oGN

Yo Q-\'\A T‘Bc q'\A T‘gA » c{rqw f-LQ 'FBD ﬁo,- t-LQ n‘nd‘B’
and apply TFxzec ¥ TFyze at g rig B.

—‘\-—QZF'X =0 Y-Y) TQ(
5
TBCC_nSLiS—l:‘—s-TsA =o — 3 B_ ys °
+F =Fy=o 588-6 N
Tac sinLl5+%TBA=° —O
— 588-¢ —

Solve O ¥@ = | Te = L7S-66 N
aw‘LTBA =420 N

(76)

NewtonDD&sk.com
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Ex.2: e un stretched \&ﬂ{-\,\ o-e, ,an'n\.? AB I's 3m,
1 e Llock is held v "TLQ Q.q_u'\\{brium

posicion, determing the mass ol the block.

!/ W s

2m 1 Um !
/
v

L4

kAc = 20N/m

kAB = 30 N/m

SJ""HT"_." F=k.O @'[;8:30(5-3):601\1

FBD (ring A): Thac 6aN

2p XFxc=eo

) -
60(%.)-—Tnc (V——.'z)-'° W
=> Tac = 67#-88 N
+? ZFJ —e = —W +60(%)+67'88<T‘_{):o

= W= gy N

W=mxq = the mass of block= £:-8-56"j

@ NewtonDesk.com



https://www.newtondesk.com
https://www.newtondesk.com
https://www.newtondesk.com
https://www.newtondesk.com

NewtonDesk.com

S'Q\VQV\S "c\«n. Ec_\_\,\'\\'\\ar{\.\m ’?V"Qlol-QMJi

Te Hindd -\c\«o_ unlcnowns Iy the Skruc\-ur{,{-—\,‘\;
TRD and Y cguarions <4 24quililerium are used.

Exawm ?\JU -

Ex.|: Determive o e ackigns at+ A and B . Neﬂlecg.
Wy \JO‘Q\'S\\\- G'L *\rg \owm )

Goo N 200N
36 ‘L
N
e e &
l’bcker Iy "'»' A’ ‘oo NOM
Z2m =2 2.
/I ﬂ

SN

4+ GooN
— E-FX:O 305 — $ BX
il —J<t—

G600 Cas 30 -~"RVX = o
V0o N1 T
= Rx= 519.61 N g— AY By
Le |/ Ve
A 20 3w A oowm T
@ ZMB =0
FB8D

Ay(F) - €oaSin30(5) —100= o
'c? A‘a = 118-51 N ? -

‘\‘? i—‘:ﬁ = 0
Aj -)'B_)" o6 STMIG -2 w~ o
228 .57 + BY— 6oo Simdo —200=0 —=>BYy-=2F1.43 N T

NewtonDesk.com
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EX2 : Dererming g dension in the cord (that
Wraps ower .[lr:'¢+;'<rules; P'—l”-ey) , and {'LL
reackigus atx ?1‘»\ A .

P P A g e A

Sed. TFirst draw TBD .

Te TRD Yo

C.or:l q"\ﬂ\ ?'UL\\.QQ
\.S QM\QI‘A_Q_;L {
\ -3 &Cmﬁv‘qm (‘\'L\.L

S—Gv-c.q.s ' W Qcm\ro\chﬁ
Portiomu avre Tutern,l)

borcas ) .

MNote - The FenSTom TeMarus ComStank
as the <o-d Pasier ouq.

e ?“\\*_‘) Yor aAny vodiu;
anh o ny "‘":9(4‘

2o TFx =0 -

~Ax SI'V\IQ =60 = Ax:SQN&-

T R T
Ag—\bo-—-QﬂS:CO:o —> Ay \%R¢. ¢ N T

NewtonDesk.com
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Ex.3 Derermive e ‘enSiom W e Q“L'LQ °""‘\9\
o ~e oaChvon at A .
%F\
S+
Sol.
—_— T T
Ax A T zl\r'; b
B ——
% 5/ B 5/ C g/ l,
6118 Ay Qo YL

C-? 2 Mp = o
=T (s) - T (F)e)+80(13) =0

=> T = %4 -58 b

LP z.l:x:_o
Ax — 24-59g (%):o - Ax = 33-3Y&L\>
S

+[T 2 Fy=o
AY +74.59 +1H-S%(-\[{5—_—)-—%o=o
= Ry=—-61.28 = €1-2g A ‘L

NewtonDesk.com
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e Resuland & Qe Oistributel Loqéiw&s:

\Ce \ao&_:.\ YA oYy e SUL\O&QC&QA to A\'S{-ri\ou\rﬁ
ioo\okfv\_cjg such af 4c'\~°Se caused \‘3 Niv\é\,g-\l«'\cls/

ov V\)Qis\rﬁr O-c- WLO\-\-Qrfq\ O\ '\—L( \oqén < &U\v’-‘.o\q'

VT WWMoesSt CcCaommom ‘\-:3?-85 0"_ ‘E\\LJ'*Q -*Q-OC\QKS are {l\k

un.’form loc\oll"\\-? ch t-r,-q"‘—\-?u[ql’ Jaogpj,'nj .
@ Um',[-csrm /ro\.olo'hﬂ ; l R
e megnivude o the UG
resuliant 18 R:W*"Q y _,Q S

g(qfu O-ﬁ Ioou’l) |
We locatiou of R passes %L‘fvvgln the Centroid
0’?— {:Lt. rectange Q middle O:P. e Nc*q"\{gl&).

|~ 5 iy
Yor quMPh: » L I\ \kz len/
Rz 5#U=20 W r =
joc,¢+€_‘l at 2m From B . ™ Um ' Uw
@’Tm’qr\ﬂulqr ,Qooula'ma: m{u
Tre resultant R 13 rl _ | J
aren of Erongle s or L=

R = l,dj / /pa {_e_)l at
) JC:'W'Q":?& (0"-2 +hird e, Xen,al-l\ of k\\

éL-C Centro l.J

&N'ﬂvh MUJM-LJ er s Y‘\'s\'\t‘ﬂ Ss'ii.’_t\.
For QJCC?MPZE y RS i,zf_j:?'rw A 1@%
focated at t.m from B 54 AL

he “ ‘f(: 5 H
e\ NewtonDeskedm

3w T
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Ex. | Vetrerming %LQ yeactious at A v R .

Ho ke 30 W 2.0

4

=

!
The U e

S

G 2MA zo
20(1k) + 30(8) +8Y4 (3-5)-By(8)=0 = By = 10135k §

j ZFJ =0 |
Ayt 1ol FS = Yo-30-20 =0 =P Ay - 1135 —~?Aj=u.7r1wlﬂ

—LPZFX30

Axs Blizo = Ax= -84 => Ax= 8t kN <—

NewtonDesk.com
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Ex.2-. Dederming Y meackions at A %R
WS WA/

ol /w |
RN R

* 4 >
Y
et Ry
Sel. A t) SN
30\‘-, _____ R ==l == \\,-30
|
i Ay . /ﬁ\f\ ’.
l 30 —_—% { \ -1

L2 11
= 2 —~ Yoy - T-Ym
R, = 30 +F.22216 U» 7‘6 4 JI/ =) X
sz \.
litlf IS’E!R} * 36w 7
T-C J-6
Ro-15#*3-6 Ry= 13 #3-€
2 2
- 27 W S TEF LD
FZ M=o
27(2-4) +20€ (3-€) 4+ Rlo+ 2¥ (4-8)— Kg Co5 60 (F-2)=0
—=  Rg= 495 kN 206+ T3 ¥ = 330

{or . 270(3-€)+ Blo- R8 Gos €a(F-1)=0o "'ZF \ '8)4‘; ‘\j

ty STx-e ¢ Ax - 45 Sin Gezo = Ax= 41363 WN—

_ Ay - 23 -216 =17 + 495 s Go= o
TFy=e J
ot 2 = Ay=aues kv A

NewtonDesk.com
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Eq‘.\a'\\\'\pwmm in  Three Dimensions:

@Su\a‘:or'& reacCtions in 3D systems:

Types of Connection Reaction Number of Unknowns
(h e “/I"
-"3’_ One tinknown. The reaction is a force which acts awny
4 Y from the memberin the known dircetion of the cable.

(2)- .
i Onc unknown. The reaction is a force which acts
L . perpendicular 1o the surface at the point of contact.
| IF
3 sinooth surface support
< One unkaown. The reaction is a force which acts
v/ perpendicular to the surface at the point of contact.

roller

Three unknowns. The reactions are three rectangular

lorcc componcats.
ball and socket
(I N

M.-t Four unknowns. The reactions are two force and two

" couple-moment components which act perpendicular to

e ‘_‘f F the shaft. Note: The couple moments are gencerally not

Pt * applied if the body is supported clsewhere. Sce the

M.‘)' F, -' examples.

single journal bearing g

continued

&Y

NewtonDesk.com
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" Types of Connection Reaction

Number of Unknowns

(6)
"
Ar
M, ﬁ&
single journal bearing j"j
with square shalt

Five unknowns. The rcactions are two force and three
couple-moment components. Nere: The couple moments
are generally not applied if the body is supporied
¢lsewhere. See the examples.

single thrust bearing

Five unknowns. The reactions are three force and two
couple-moment components. Note: The couple moments

are generally not applied if the body is supported File ,-
clsewhcre. Sce the examples. IS

(8)

singlc smaoth pin

Five unknowns. The reactions are three force and two
couple-moment componeats. Nofe: The couple moments
are generally not applied if the body is supported
elsewherc. See the examples.

(%)
Five unknowns. The reactions are three force and two
couple-moment components. Nofe: The couple moments
¥ are gencrally not applied if the body is supported
)5 1 elsewhere. Sec the cxamples.
single hinge M,
(10)

fixed suppon

Six unknowns. The rcactions are three force and threc
couple-moment components.

NewtonDesk.com
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Typical examples of actual supports that are referenced to Table 5-2 are
shown in the following sequence of photos.

This journa! bearing supports the end of

This ball-and-socket Joinl provudes o
the shaft. (5) ,

connection for the housing of an ¢arth
grader to its frame. (4)

This pin s ded o support the end of the
strut usedpn o tructor., (8)

drive shaft on n machine (7)

‘This thrust bearing is used Lo suppoit the

In Carietian Mectrors : 2 f:O v 2 Mo:=-®
n which ST <« TFxi+2Fyj +ZFek
and T M = SMyl+ LMy +LMzk

: IFK'-O , ZFJSO y, EFZ.‘_'O

2 Mx=o ./EMB:O P 2 Mz =o

@ - NewtonDesk.com

In Scalar


https://www.newtondesk.com
https://www.newtondesk.com
https://www.newtondesk.com
https://www.newtondesk.com

NewtonDesk.com

Ex1: We boem is used +eo $uf:/c;ort -l:-z\e S#S_ N

glowe.g-Pot . Determine the 4215 iom c/eue/af:eJ (N Wires
AR and AC.

__S__olM-\-\'ov\ :
FBD (boom):

rA
B _
Frg = Fag X
AR
=Tag( °2i-0-6 +0-3k

N (0-2)+ (-0 €)° +(0-3)

— o
YAc

—_—
ZMO -4
—_— N

= Yoax(Fag tFac+ W)=o

— e {
=> Qa.cj)x (%—-FA:L—%_— FA3J+%FAB"‘) i

" (-:f_f’—'_- Facl - %_-Fncj-k%]-'m k)+ (-3%s k\] =0

- \L -
(R Tae +12 Fac Z2150)( +(~'% Fam + S Fac) K =0

ZM'X}:Q _;?_‘L _\_% FA‘E, " _\_2_ FAC -2t S0 =2 o ——O)

EMJ:Q =) O = o
Mgz = = -1 FA%*%FM_:C’ -~

==
Selve O+@ = [Fag = Fac = 4375 N (27)

!

- NewtonDssk«om
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b ' The force exerted on the highway sign
by wind and the sign’s weight is B = 800i — 600j (N).
» Determine the reactions at the built-in support at O.
Solution: _ The force acting on the sign is

F = Fxi+ Ffyj+ Fzk = 800i — 600j + Ok N,
and the position from O to the point on the sign where F acls is
r = 0j+ 8j 4 8km.

The lorce equations of equilibrium for the sign are

I~ Ox+Fx =0,
Oy + Fy =0,

r and Oz + Fz =0.
Note that the weight of the sign is included in the components of F,
. The moment equation, in vector form, is

ZM =Moo +r x F.

Expanded, we get r_.___:
i A k|
ZM:MOXi+MOYj+Muzk+| 0 8 8|=0
800 —GOO 0}
The corresponding scalar equations are
Mox — (8)(—600) =0,
Moy + (8)(800) =0, -
and Moz — (8)(800) = 0.
Solving for the support reactions, we get
“ Oy = -800N,
Oy = GOON,
Oz =0,
Mox = —4800 N-m,
Moy = —6400 N-m,
and Moz = 6400 N-mn -
5 B T S S

Qﬁ To ﬁu'nJ t’/te fﬁaCfI‘W 76/%5:

A B -

—_—

E:‘F —o = (800 4.“600\]‘4-0k)*'(@x(.f'osyj-g-oz_k)
:@. <8001" Ox ) +(—-6oo +0})J'+(O*Og-lc)3

> Fx( __.<8oo +o,()(‘ .ijgf:o = Boo+Ox =o

@07(:-—800/\/
S Fyy= (6e0t0)y ,TEy=0 =5 0y=600 N
Y Far= (0+030k, LFy=e = Oz = o
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Ex.3:

3 ; The tower is 70 m tall. The tension in
each cable is 2 kN. Treat the base of the tower A as a Y
built-in support. What are the reactions at A?

Solution: The strategy is o determine moments about A due o The loree reactions at A are determined from the sums of forces, (Nole that the
the cables. This requires the unit vectors paratlel to the cables, sums of the cable lorces have already been caleulated and used above.)

The coordinates of the points are:
BRI S Fx = (Ax +0.17932)i = 0,

1

A(0,0,0), B(0,70,0), C(-50,0,0),
D(20,0,50), E(40,0, —40).

from which Ax = —0.1T9kN,

STFy = (Ay — 4.7682)j = 0,
The unit vectors parallel to the cables, directed from B to the points

E.D.andC from which Ay = 4.768 kN,
rpe = 40i — 70j ~ 40K, S Fz =(Az +0.2434)k = 0,
rpp = 20i - 70j + 50k, from which Az = —0.2434 kN

rpgc = —50i — 70j. I
The unit vectors parallel to the cables, pointing from B, are: =
\dy; = 0.4444i — 0.7778j — 0.4444k,

WMpp = 02265 — 0.7926j + 0,5661k,

Wec = —0.5812i — 0.8137j + 0k

The tensions in the cables are:

Tpp = 268p = 0.4529i — 1.5852j + 1.1323k (kN),
Tpe = 28ge = 0.8889i — 1.5556) — 0.8889k (kN),

Tgc = Mg = —1.16251 — 1.6275§ — Ok.

The sum of the moments about A is
D My =M"+ranxThe

+ rapxTpp +rap xTpe =0

=M* +rap x (Tue + Tpe + Top)

| 1 J k |
SMy =MA 4| 0 70 0 |=0
01793 —4.7682 0,243

= (M3 +17.038)i + (M +0)j

+(MZ - 12550k =0

from which A
MY = ~17.038 kN-m,
M =0,

M3 = 12551 kN-m

°4529+0-88389 -1-1625 = 0-1F93
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Ex. (2D bj Vectors) :

The weight W, = 1000 Ib. Neglect
the weight of the bar AB. The cable goes over a pulley
at C. Determine the weight W5 and the reactions at the
pin support A.

Solution: The strategy is to resolve the tensions at the end of bar
AB into - and y-components, and then set the moment about A o
zero. The angle between the cable and the positive - axis is —35°.
The tension vector in the cable is

T2 = Wa(icos(—35°) + jsin(—35°)).

= W2(0.8192i — 0.57361)(Ib).

Assume a unit length for the bar. The angle between the bar and the
positive z-axis is 180° — 50° = 130°. The position vector of the tip
of the bar relative to A is

rp = icos(130°) + jsin(130°), = —0.6428i + 0.7660j.

The tension exerted by W) is T| = —1000j. The sum of the moments
about A is:

ZMA =(rpxT))+(rpxT2)=rp x (T, +Ty)

[ j
= L| —0.6428 0.7660
[0.8191W,  —0.57361; — 1000
D> M, = (—0.2587W, + 642.8)k = 0,

from which W, = 2483.51b

The sum of the forces:
S Fx = (Ax + Wa(0.8192))i = 0,
from which Ax = 20344 Ib
STFy = (Ay - Wa(0.5736) — 1000)j = 0,

t

from which Ay = 2424.5 b
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SIMPLE T Qussgg

Q 7LfU55 /S d'&lmc/’ur@ COM/OOS_CO/ df S’eﬁokFMeméafs
diom@/ %Oﬁfe//w/ alt their @nc//'Own/S}

, 77\; members Co;y;.monc/] useol consist
o;/_fVlefq/ bars. -'_/}Tédtbmf Conm eq) chions’ cre Mde/(dq_

formed by bolhug. or weldit]. fie. ends of members
o commion plate called 4 Gussel plate , or é}
/DCI'SS/'@‘( a//qy%,e, bolt d//D/}/) /LA)/O%—A eac/) f/,f 7%6

members. |

—% & o

/O /‘?W '7@5;3@5 S

d/ " woodlers stvuts

—

/0/4’/)qu' fraﬁSc‘S [@ m 9 3/5’9./(:’ /D/C(Me and are Lied
fo support reofs and bridges.
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NewfonDesk.com



https://www.newtondesk.com
https://www.newtondesk.com
https://www.newtondesk.com
https://www.newtondesk.com

|

brfo/g( e fruss

ﬂ ssum /0/ 100 /or Dﬁéfﬁ»ﬂ

1. Al loae///‘%is are. gpplied at the Forts:
2. the members qre. jfom@/ %o;@% o % Sm%ﬂ) /O/hs,-

BCCCUASG 0/9 74\:3@, ZZWO QSSum/O//brzé, ﬂta ﬁor’&’écf/&
the end of the member must be, cected a/orz} the
axis a/” the member . & 7%6 force, tends fo ﬁof?jqfe
the membey, ct s a tfensile, force (T o theyeas ,;f

it tencls to shorten the member, /)¢ @ @mpressive
force. CC.)

Nension Cow PVession
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/’,)’7“85"5 O,K a russ:
“The QVWIJSI:S mean s /7
inthe bruss members -
There. are two melhodls

of fhe Fruss:
- "The ;bmé; wethod 9 -The Sechbns Method.

ha[f/%, the K%:@h‘ons. and Fhe Forcss

to ///lﬂ/#\-& /go‘rc"é (r The "‘W%’%

(1) Tre Method of oicks: o
Te MWis wethod the F.3.D of each jont s dran
Then A Guililrium QW‘\OY\S DFx zo and XL—:]zo
ove aPplied (e eGuilibrum oqudticn. ZM=e s
Sakisfied e e P occes i each go;mk- are. @nmrrm@,
Tf e gense of direchion of force w e wember 'S

; fon (T -
\k‘(\KV\O\UV\,OLSSWYV\Q_%\f\& govo&, \ S JCQV\SlGY] 2

NO\'RC& *\«CL'% Qe ‘\‘e_,/\,s\o»/\ -quc,e,s— ")\A \
e fre. Com Dression s

o—=>"T C/p

(3)
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Procdure for Anal Y IS

-1 - Draw I/:B.D, of q/azh(' have. at Least one  dnknowr

/o ree an'g:/ at most fuwo wIKriown e ber /forces,

"2-' Iﬁ 'Ll/le SensSe o/f a//,‘,ecz(,br) of, fl\,; -\"-—or-c_q, ' A 'tLe.

member VS Unknown , asSSumae e Lorcg 1S tensicon,

OB Thrae £ TRy ko Find e o wnkimen
Mem ber A"CE’,S.

A= Repst step(t) 403 £ He ot soits

No zLe, Orient X 4 S aXes Such Hoat f/%;wczs
In FRD. can be G.C?Szﬂ‘/. /e/Sd/(/ea/
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Examples (Fout Method ),
Fx .1, Del‘e/mﬁ;"t& the force in each member of Fhe buss.

o4 - NG
'Bo\‘vt'e %‘. _5_0_(15- Im
: k' u EEQ 45°
Fai ” ¢ 92 :
| i m . }', '
-F_bi-g_x =0 = SQQ-~FBC Col 460:0 "

F3cZo7. I M Cey

«f hy=e = ~FAR 4 FBc gin 45°-0
FAQ = ScoN ()
Fic ®,
’. F;QC 4 ®
ZF)‘;°~ ‘a*fAQ +407.] cos 45° o TC%’
) - = Fic 25008 CT)
£ - - .
J S =~ | w45 -\—Ca~ =0 (ﬁ; 500 N ‘f
d°§{’\b JAP
.-ZF)\=° —= Ar=5coN < ‘5f°
A
i?a;o = A%—:- 500N-¢ ' o= T =7
"~
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E?LZ Deterwinie ~The Force A

SENSTN Wemlo w of e Fuss,

S_?__q_" “There ave, wore Yo |

ke /\»\Y\Kvto'w/\/\.s Ak eacin A
ok .

Fiad XV\“& reagkion S - |

ZN\ A=o 3
3@D-cyUYee = 1B Rah '

3
EF\OZ-Q —t A\a =‘f5 \(M'L - ‘?

EF%:"Q = AY\: S YW <

R

Y . axes Ofie“('“b'.,w
defak i Use ¢he 7, Phe Solution:

’\’/‘7 ifyf'-c’ e Feo
'8 s 30°~ FRC sin 15=°
F3c =502 knCc)

NIFxeo

— Fed 4502 <=5 15 —~7.5 517 30=2 \\5

= Feo=4] RN <T)

—» TFx =\ A4./ce530 __[:'ADQ0530‘5° 36 /DL 30°
=F40=4.1 v (T) =% 401
i-FC) =0 —~2 | sh 30)4FRD=®
=R =4.| ra(T)

Jowt CR):
2Fy=: —-FARB 'o'\Y\45°—|- 9~ 6.025&/\4?5.0 8 3

< Fag=-o F7E 1 44?:
0377 knw(c) ,_“E"; i 5.7

A
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errp ~ [orce .Menéber&: | |

The  Zexo - ﬁovoa. wemoers ave MSQ,o( Lo INCreage. '(:L\@

. Sfa Ef//‘fo% of the truss olurng- conshruction anol €o
/Drou/c/e. Sup Lot ¥ Ehe q/gp//‘e,a//(aqg/fy_ s Cﬂwg_@fc

e Zevo — ;d_rce, veewt bas <an be o@fer/m'rmﬁ/ éaL /345,0&6‘0)7

In %ev\e»/bct, there ove Ewo CnSes

1 1P OV\\.a_ tws mem oars ﬁcN‘W\ O\‘Y\/us_s J/g,/pé- G(/WO'( o
GX‘&,/M/ /ZOCZG/ o SU/J/QO’[’E reqcti(ﬂ\ /'S QPp//‘d éU /%e/ﬂ‘/d
lhese buo wem oers are, Zevo — foreg ymem bers.

015‘);:1{' A ) - d‘a/;’tf @)
FAF .
= ' Wl
_ . FAB % (}3; Ny
LFx=0 = AR -0 ) ad a
ZFD:".O " F«%F-‘-o ZF(\)C—O =bFF§§ S\O/LG-"Q
ZF)(:Q 23 FDHO -9
FD'E-:O
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e If three members Lorm a;,é;quS J—’On‘d‘ For u/é)/c/f) two
| o,f Hee members are collnear and no extorval Load o
SuPPo/f reawb‘an‘ r's qpp//‘ep{ '’ IL@ ;‘Ol'ﬂf, Fhe 7%/)%0/ mewlbey

/s Zexo— ﬁOWCﬁ W\ s

SOQ:
b om %o\wc Gy Fac=o0
Q'mm "Boivd'f \O Foprza

g-)(om 60%«'\"5 . FcF=o
No Fice ok Brom gm\/\k (g) : 8¢ -2KnN Ce )
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80?:

= olm | o.4m | o . 04
?C;o podm = T4M )
pE-=°
FGF=e
ot A TR = fa3(3)-8  [Fag-BB3zic)

& ‘
Ail Fac 2Frse = FAce 13332 =|to 6Fn ()

Y

Fas
do:htlc“ Fce =Fac =10:67¢T)
\ L fH-' e
JOL llq | ZF\d:o = FFH(%—)=14 :EE[—Fr\‘B“S-gCQ\
FaH +«——

Theo = Fatt - 2333(4)-(18.G (D)
_ A S

FoE G: Feci= [ug - 1867 (1)

Entire Wuse 2 M B =0
—8(o-4)- F\a (o-8)+14 (1-2) =0

=[G 17 o F
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1 H’Lé’ [: - Cee 23-33
g w
ZFU =9 : FrFo o——

=> l-_}:e( 2)~ 2333(")-#17 0 T\H

I“;:;: = -5 /</\/
LFF&“ S lenv Ca) I

2 Fx=o
-—l:m +5(2)-23- 33(%)=0

= Fro =146 M

domb D Fap=Fep <4 67 )

ot E \o-61 \B-67
o)L = cv.
e f}"*’{i
Ve = 4 5
2 Fy=0 Fac oo

='5(%)-Fee ()=

— ( Fge =5 Kk~ (T _
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@ﬂe Me_’\\rxo':.\ og Leckion S

"'T\«Tcs wvz&/\ock \S \ocastal o\ 3\"\«e. p‘(mC\PQ ‘\'\/@C\ \ﬁ cdoookj
\S Qﬂ.@i\'\ briung /M H’\e—V\ any pc\v of the ocl:j s

a\Se W, egfui\ibr\‘\,«m .

e wemod  of sechions inyelves SSSLY Nee truss
ko Xuwo ghow’ts bt‘j ?“sSA‘Y\%\ avy imox%iﬂq\fd Seckion
Hwough the members whose forces are AeSired.
Then, the QQP’“’ brinn €5+ (Lras ,2Fg=0 el ZMo=1 )
are applied 4o Hhe 1o lated part of He TLFuS,s

/D,ioce‘;/urc; ,fm’ A”‘f/j&‘s'

j (SGJCC:t & SGC,t’OV) %CL /OC'(SSG_S ;Mﬁh membeks
WwhoSe /70)’6&5 are a/eSIVea{ but EQ”CV‘OI/j not mwere
(//um fhree wmembers  with upnKnown Loces.

4

Q Draw FB D /7%6 P%’é Of 7"’1-(35 U/h/t/\ /’Las Hee
Jeast number O,f forces ac‘,fmgl_ on 1t.

e App\j the Qﬂ.u[/léﬂi.(m €9s. to findd the Un)(nodns,
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Eox 1t Determme the fom‘iS in members G, DGy

and  GH o He fruss. |
120/<~\ fokn no)w bokn/

E F 4G ), yH
vaI
' ‘S_:O_Z" A — B < é D
Select Secbon @-a) ond & S Y

feke Sue gk pavt of e Aok 4m =16m

Xvuss . |
. (o
z MD zo ‘ \22
"FGH(3>+6OC4)=O | Fon <=— X |
P g
- FcO GJLD
2;3 =©

.,"’Lo —_ 60 "|’F DG" (%) =

.k k=0
—80 — 3°0<%> —FC_DZ-O

= | Fcp=—320 = 3% KUCC‘)'

For C\/\C_QK’\\V\% \
3
(Smier 32003 +30s (B)B) 4300 2)H)
— \’Z_OC“) = (e o k.

L
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EX-:Z’. Dekermine tue fovce WA wemoers GTF/CF/

ansl- CID. EERACE
ﬂé
4
SOQ: |
FI'Y‘S'} pan{ E&:
2 MA=c |
 260-8)+15(2:5) ~Ey( =0 = 55;1-35‘;5;«;‘(
LNy T
Seﬁt\\o‘q @——-— \\‘\ Fn
, Ik
Z MC;Q | | [ |
Far(i5)-1-335(2) =0 . c

ZMF:O - \-3335

“Fc[)(%)(l) ~1-3375(1)=0

=% @;:3 23 - 223 Y €20
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%3 Determine the Force in members FT  HT, ano
RHK ¢f the Kk Hruss Shoun (n the Fig.

Sof, | = *8
50 Kn/ 3N -
WE Comnok Salye Mg, ° _-L--"; ) ' @ﬂ‘
probiem oy 500 @O 500 S5 B
Y UnKnowng Lu/th |
3e98. PO —C R E
but Sec. @ —E@) e » Em
Selecked since Nwes A 8 J

Member pass Yweugh plr b
one d"ofnt- \

25 kN
o

Take UpPer /)art :
MI=o

25(8).+ Frrx (12<o
(FHR =~ 16-6TF =16-6Fk ()

Sdect sec B— (B)  2Eor——x
+(§ZMF=Q
25(16)+5(8)~16-6F(12) 50 % 5 K
+Fiy () (6) +FHy( 2X®)=0 AN
(s Frr FF‘I' e Fy | 1667

ﬁ’CHJ‘ €252 25kv(C)) e

£y TFree = —Feg((3) -€2:5(D +50125=

(Frg =250 C)  —

Ne onD sk.com



https://www.newtondesk.com
https://www.newtondesk.com
https://www.newtondesk.com
https://www.newtondesk.com

NewtonDesk.com

57(: LI; Delermive the /%VCQ In Vmemberl EB.
|cca N
3ocoN -
loco A
[oooN F
Sol, K= 3 o

Lirst find peackion af ;' w2 Boay Ty Ty
2MA <0 = soooazs+1oaocq>+1o¢066)—'Cj(8)‘='° |
— Cy=2000N | |
Select sec. @—®
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~ Fep 811 30°(Y) —~2000(4)Ho00(2) =0
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Theee ,

— I—:EF C=5 30 —2aso @l FEF/J;‘\ o
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Efi‘ 5} Iﬂ He maijmum /porCQ, fo @W(Lj member

can support is kv ' tension and 6k 1
COM/DVéSS/“on, Olc,fe/m;)/zg ﬂl@ maximuhi force

P) in ko bhat canbe supPorted at D .

+— “im

§0__Q_? Method of fomts.

JorbD): Foc=11541pCT)
FDE=0.657735p()

Jont@) Feg= 11547 plc)
FcB = 111547 (T)
JontB);. Fe =1-154FpPC")
FBA = 111547 PCT)
(]b/hf CE): FeA=0-57735 P (¢

F;om ILLI.C )’C,Sl,(/tLGﬂf:Qa‘

Max. ompression force =11547F =

Ma tensron ; = 1 15U°F P

for Comp/’csi‘/'on ; 7'75‘1?/7:6 M

For Cenion ¢ 1.1547P=8 = (P= 692 kA |

=D ]O::. 5‘20)</(/ @ |
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6 Determie. e frce i member CF of Hhe
ér/'c{ﬁe, Aruss %SAOW/’? i é/@ﬁg

(Sbg : (‘iw‘l Lo \ L \e L"ﬁ_—l

Seletl Section a—a anmd ‘cake, fhe n%\/dc /JC/V{; 4
Firgst End the reactionat [

ACEMA-0 = 58)+3(D)-Eylid=o

Section a— a

L .4
d

2
oo )C:: 8"‘ Lf

ZMO:O
—Fer ()(12)-3(8)+ 475 (=0

o Fef--0589 =(9589 kv (c))
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Frames and Machines

Trames and -ﬁ;\ac\a’\nes are two commmon 'E\j‘)Q_f OQ structure
\ £ .
which are of ten um?os(é. o{ ¢in Connected Parts

Trames are used bo S\A\ﬁpof’t JL°°’kcl$ whereas W\Cldm'ne.cl

e conkain Moving parks , are used to bransmit

and altcer e S:~o\r-C&s :

1n Hee qf\q\3s{5 of; &ro\mes and qun’ne:, tL.q TBD

Lo dih Parks e drawn , and the three g uatiom

of. Q,q,u{lf\;r{mm can be G\PfiffeA Lor tha parts (and for)
Lo the entive Structure

Whan TBD 13 dawn lor tle ?{n Connecte] parts

the internal vreackions at the connectiom prrn must

\oe. eﬂj{_\;\_q\ o\na‘. OFPOSI‘L—Q Lor UCL “'qu%.

=

B
c‘hﬂ“ c 1 )
.c.amf. _ _L‘ "/—Ccm?\;&v‘/" *L Bx Bx
P\
By

zw

g FBD

Twe - Force Member + Twe xwo-~ rg—oru_ Mmember ¢ & Member

W\'h\\ twWo Q,qrm\ c\nq\ OF?QS\'{—Q grOrU.; at vx¢ ang . T‘«O_Mem\aer
with p\ns (or \\W\jes) at 1t ends with ro ,Zaac/j or ,Suf)f)or*l'l
L)eléween ﬂnc’,( (S. a twe- ’ea"‘q Membcr .
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Exqu\e; f—or tL&L two - -ﬁcﬂ‘“ca Mﬁméer :

&'?z_‘ P %wo--f—orm Mmemb ey
P, — oo - P s
force
7/’ M emls e~ .

8D W Ye

4wo~ Lero{,
memlc e —

receq nv'zed

—
FRD L ol <
rwo- Lcr‘u.
¢ V\A—Q_M\a’(,"‘
.—%

/T &oes Nek
recoyni E{)\ "‘

-L&‘ Af\c\ ’\‘\/\.)O-gr-Q)Y‘Q_Q V\/\QM\OQW \‘S Y\QQoar\f’w \ot‘LQY‘Q
O\M\_\,Sfi p -’L—Lo\n t-\«l; M\W\Lﬂr‘ erﬁ I'YI'EQ””M' react)mms (\mknowm)
at the two ends will be reluced Lrom two reactions

to cnlj ong reacthim a+t Q,otcl\ ﬁnl, wln'cl‘ SI'MPH,@ '{:-L\.L

caladations ,

It is important to ideatily the *wo-lorce member
\Oeg—oﬁﬁ qnqus;'s o Mmale the omaljs/'x more Sn'mF/er.
Mo e that I W Ve Ter| o or ks (ike the
Eruss member or the link Suff:oﬁt.
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& kqulu ;

——

Ex.\ * Draw +he FBD ﬁar fLe ffam_e, Shown I'n -I:LQ f':jurse

ﬂor (o) Each member Q'r:) Members ABC & BD
togevher.

P\

So‘{ m W\em\p-ey— 2D 'S %wo—ﬁorq mem)otv-,

&O\) Fov &mc\\ M'CML‘C".'

(o) Fow member: ABC ¥ BD toqgether :
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,.E‘X.Q_ '. DY'OW\) -‘:BD Q—*or Qa\,(‘,\q Mﬁmloe_;n .

Simz'lar +o0 +,L{
ﬁfam.e 5 E‘x.},

"5' QJCLQJ ONg 'f"LL
MeMACV BD ,

Ex3 : Draw FBD ﬁor each Meméer ;
g

c‘LDE

Cc
L.

c x e TN
P P Bp
1 FB8D —® E&D B _/?’_L?:D__‘E
B ﬁ B F c,xb[t
ey F
L AU, Ax i I ey
MAa

Note that BD

[s +wo-force
nember

>
\c

<
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Ex.4 + Determineg Jcl\e reacktions at C

Fag

<F‘BD)BC= GEMC o \ —2ooo C’L)-I-FAB Sin €o CLI):O
=> Fag= llSy.2 N 7
+T 2Fy=0o ¢ Wsy 7 SMME0 —200o +Cy <o —-3763:\000/~$
B SFxze : IUSYF Cs o —Cxr=o =»|Cxz 5FZ.35N=<—

Notice : If one does not recogni ze that AB 1§ pTeE e
memLew, -C'Le,n More WOPA 83 neeJeJ to .fo/wz 'é'zv;

FroL!em g A 5llo‘~1"' be/a‘d: 20e0e N
BE L c o
(FBD)BC: YMg =0 = Cy= (000 N T ﬁf‘pj ?_.
i}‘-‘j:o:“v Bj'f‘:IOOONf ' By <)
2Fxz0o = By -Cx=z=o —@O B By
(FBD)AB . ZMAzo = By (3¢0560) ~By(3sings)
—0o D>Bx:52F. 35V e 6,.-A'x

substitute into Q?-@::? Cx= 5FF.35N+ ‘f
Y

@12 ]
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Ex.S Dererming ‘E'\’\Q reactigns at \'\3'\n Cc .

Dn . 1. €& m q a"‘[m—*‘
o-QT \
S-A. mwa . /E‘)_ _El
1€
W= loo ¥ 9.8 - 6 / ]
= 931 N I~ )
0.4
The member BRE 1 _TF_AA
two— aﬂof“la member
\.Cm o.4m
5 cx C& E F
‘/"l ;t'é'm é_ii * J"lﬂ tl?
b e XA
i Y 7 Fee ZARY
¢ F8d (CEF)
FBD (cEF):
GI- SMe =0

)(1-€) +981 (2)=0 = Feg =-1734-17

Foz (o=
2

- — 2495
—-f? EE]:O ! Cj+|73q17 (\L_z_)_?gl-;c, = Cy = hs. 25

Sy ais e |

| —> Cry— —\2206-T
2y TFxeo : Cx+ 13407 () =0 =7 1
—_’——Q(E'X::I'L')_G-'LL{'NQ—-J
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Exq :

>R
Detrerming +he =4} ¥
\(\ori%on-lro& G\ru\ E 3 'ﬁ
ver+ical camfonem‘—.c _%:S
oﬂ ﬁofC.o,S‘ at Pfﬂj o by ;f&\

A/B,an C.

Sl % > B0 Wb
FBY (Pulley A) : . PAJ A:x
> TFxco =5 (Ax=8o b <—] X

4 Sry-o=[Ry- 80 AL F )

'333.3’2_.&79
FBD(ABC) g0 A 2 Bx C ox
—C_ -f?.h.\ L S
G ZMC:: o ‘& z‘\gy %_‘]

R0
—80</5)+Bj<9):0 —-:D\Bj :l333’3“oﬂ A4 9 f¢

53.3380
4 ? E’Fj =0

_Feb (BD): A 3

C—? 2Mp =o Zﬁj ﬁf}_{ji ; TDJ
0.5 +4

g0 (2.5)-Bx(3) fr:&i%

~133.33(9)= o

| bi3533.4
— Bx=-373-32 = m

FBD (ABC): XS Fy=y : 80+333.32 - Cx=0 =|Cx=413.324
T S

—
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EX-'J— ; RA ‘TRB ﬁRL
L////J///////////{-
Determine e s 7 A B /ﬁc_
W G |
needed *o Suppor+ ‘E-LQ N_F/

200 kg mass. Also what

are ~(~L¢ ~e_o A7 oms et

|
\(\aolis A/B/ OI’”J C .? F Cﬁ
sd. W= 200 ¥ 9.8 \\MJ

= 19¢2 N

2
}RA tRB Re @—l

- 1,7-? $7—P oF

4 FBD (b):
9P = \9¢12
-——B»ﬁh 218 NJ

\fw 2P= ‘%34@

([Re = 6P= 1308 N H]

-I:ar CL.QC,(":? \9(2N ?
Entire SYystem : TZFj o RA+RB+RC-F—\962=O
Y36+43¢+1308-218 ~1962 =

@ =

NewtonDesk.com


https://www.newtondesk.com
https://www.newtondesk.com
https://www.newtondesk.com
https://www.newtondesk.com

NewtonDesk.com

Ex.8

ISOW'
A

b/ft

De'i\-ervv\\'u

-ﬁarces ot /:n'n5 B and C

on member ABC .

/

4%‘5\/_1{_
SoQ.z

EB and c¢D are both two--ﬁorce memlers

FBD (ABC): so¥F = 1050 {b

& Smp-e TR
j050(3-S) —-Fgg(_"é_.)(g) @T Fgﬁ;e. CCD
—Fep (#)=0 = 5

— Z.p= 525—LFge —O e 8
__7»;81) ( DEQ: . f

G EMp o Y %’ o chD
Fec (%:)(ZHFCD (7) =0 —@) DE’?;’ E D

Subgtitute 67.-@ I nto 67_@
= FBe <§)+ it (525-——4—7_— Fpe)=©
s
f‘—>@5 = 153)-25 Ab /7

= [)\fcgj—grsé - 250 ,()}oj

NewtonDesk.com


https://www.newtondesk.com
https://www.newtondesk.com
https://www.newtondesk.com
https://www.newtondesk.com

NewtonDesk.com

EX7 DQ-EQY'M\M Qwe reackions at A and R

1m SooN

L

Sd.

S ———

FED (Ac):
F2Mp = o

— Cx(V-§ $ SinGo)
- Cy (\-§ Ces 60)

+ 600 (o FS) =0 — (D

Cx C \m 500N
F8d(®c): —~
$°3
; 2 Mg -o C’X(\ Cy (\)=-Seo(\)= Y ong
G B -9 ) - Yy ()- Y=o \.@ “91q
Solve DY@ = <x=loz.6N Al

C:j" -9%1. "} (Corﬁcc{- ‘t-\q A\vxqc\.\qn) $BJ
—=3Fx=0 = 402-6~S00-Bxzo <> Bx=-97.4= 97 .4 N —s
4 2Fy=e = 97 -4 +By=0o = By= —7F-4= 9Z.4N ‘L

FBD(AC) '
d SFxzo=>AX+E00S5M €0 ~402-C=0 =>AX==IZ=|FN 4—
+f =Fy=o =>AYy-Coo Ls6o_.97.4=0= Ay=3972 N }
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E-x.\o .

e pin B will safely
Su\a‘oort a Loruz. o‘f
24 N . What 15 +he
lavgest mass M that
the pin B will salel,
Support

Sd wW=M*g = 9.8 M

<y

W
- C%F—— Cx B @
5 00
7 T—=W w

Y |

| oO
$— B |sa—Bx
i e
y o A —‘:b Ax — 'D*"' g

FBd (Bpe): X S oot

——

G M o = Bj (‘q_oo)_w(qoo):e = By =

=
= W

-‘3->Z'Fx=o = A x =0

Tep(ABc):

= 5
G T Mcezo = Bx CGoo)—W (Soo)~o = B')(;__G_._W

Now: Rg :ng:s)‘Jr (B%)L :f&i_{_wfﬁf (.%W)'L =l oloy W

24 W= \-0loH W = \/\j:?_z.t:.szw:zz?-szfv
W=9.8IM=>M=23352 /9.1 =|242 1.2

‘*.\Lwto n De%k@?n
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i ISkir.,t/- ¢ P
1 AJd D y
De’cerrjﬂtmq e LLH/\’GL -, 5 f\} 3 .
reackioms at 30 3, Z
DS |
A/B/ a"\.ﬂ\C. 6_/ q, z/ 8/?8/ 8/%1,

(_“*QV‘Q \$a \’\iv\sf (rin) ~— }, * — ‘L 1
at peint D),

8\4?
sd. |
TRD (AD): 30 T T

Ay Py
QEMD:’O 6/ (I/ 27
~k4 cos 20 Q2) +Ay(g)-8(2)=o
Enfim b eam .
G EMc:o
~Y Cos 30 (36) + 9.595 (32) —8(26) - 15 + By (l¢)
4 = o
— \z(_s__)(z)~
=B85y leip—)]
A) TFy=-
—H Cos 30 +9-595 —8 +8-541 - 17 (55-)‘*%:0

5 T FXx=o0o
— B SINIo —1\2 (%)q—c'x:o = Cx= 9:2 k.u'],-_a»
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E.'X'\z. e __;l‘_/_ q/ /i" H/ -"l‘l
For -l-L\-z wall Crang A D
<Shown in the g’if)v\he,
Y—t'm) Yhe veactiont L\/ ﬁ
at A a-d D. Also 7\-/14
/
Y'I'V\.a\ 'E'\«Q Lofc_a, ™ /T
w{v\c,l« . :
Sol. =58 35° ACy=Too
E@ CK:}SO
Foo 3se 350

FBD (ABC): BD (s two foree

m—e.m-\oew. FB
& SMazo Ax A E‘L?QB

\ —> == _353';_;(:
-Fep (T;—:—‘)(H)ﬁ' 350 $imCo (4) J'; €o 350 l :
Ay 350 oo

+7Foo (R) =o :@FBD':ZLIOB-SGQL . W o,/ o
\ L s | '

>

+] TRy=o
Aj +'LH08.§G (\F_L—)—q—oo — S50 Sin Co = o
— A::_?—oo = 100 49\\0 &
“>STx=o0

Ay-’l_qog,s'g (_‘_)_3 S0 (S o4+3S0~-3So=o
VT

FBD (©)- Dx l&tgn:l‘io%-rg

Dx=24085¢ (lv—:, -\ 7o3-1 Ab o— |

i, L ! i (e
Dy= 240856 (-\—\E) = \#o3- 1 4 LT NeWtanesk'\'Qﬁwo
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, II
EX,"S . 1 lZSOMM
G—
Te engine Maist is ugel
o &U\’\??Por{- ‘qu Zookﬂ Qnﬂf"-l- ‘ ———E)
Derervmi e
Y miuAaR, t-\d, g—oru qc-h»% E'\ﬂlmz

\n ‘E\r\o. \'\_\jév‘auhQ Cﬁ\\»\.o\.g AB
‘f\«l \’\Qf\lrw\-& A\ V*ef’nQA
Cmrw.{._; o—f_ ’\'L; &-eru_ ak
e ‘Y’\»\ C/QV\A vl
reackiows atx tha L‘X‘Q& (9/
QU\"FPQV'-I: D .

S

—" AR \§ ‘\'wog—orLL wmemger |

2 2 -
d :X&S'O + 850 ~ 2 (350)(850) G5 go

< 86121 wm

Sin@ . S1wm Ro

- = o= 7C.4Y\
8So 8€1-21

\.25m Q.35

FB8) (EAQ) : E%
G SMeco 2oo # 98| ‘L

‘ =\962N
—1962()-6)+FagSmFC -4 (o-35)-
= Far= 922%F-60 N X

—_—
> TFxeo=>Cx —9227F.Co Cof Z<. Hl =0 = Cx= 2168.¢5 N

£ ZFyo—_cy-19c2 49121, €0 SMIEY 20=>CysTact ) o
Fep (E"\t'N) " lHStuTo L

EFx-o = DX-
S (@)
fD_,NewtonDesk

ZFJ:O@ 032\761 N T
ZMDzo = Mp<19¢2 (\-€-V-Y4Sint0) =0
= Mpc-2€6672-21 N'MC
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CENTRoID

“We centroid LS o ?Oiwt W\'\\'CL‘ Aﬁg-iﬂ-QS 't'lf\a Seome-&r(c
Center ol an object -
e R.(v\.es, AT €S , q'\.a\ VO\U(MQ.S Q” l'\qv\& CQH‘&VOI‘JS.

Her\e,we will S{-wlj Lo centroid of areg On/j ‘

Centroid og. Area -

B \%"Y C_Qn%\"o'\A O-Q- ar o "5 r\ePV‘ESQ’I‘l*QJ L_y ‘é’l\{
Coordinates (%X,J) measured from a reference

axes X and ; '

Ref.

aAxis

Ref. axis x

For a jeneral Case "'i Area the C—en'f"’o'o’ 's

AeHerneJ as fo//aw.r

y ”T
I4— dA

I

'

Cc - —-—- " ;
% ‘

a b

dA

=
7aN

Take a horizantal Strip Take o vertical strip
: a = s QX v
Mom ent ,4 ares =S Mavmants of Steips Monond o armay s TMeomts o Strips

IJA .y A"&:S AN X

JA ' | ’“q
:}’Y 2 0 e

'onDesk.com
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S:jmr\ae-tr\'c Area:

1

Wl'\-e.rl -l:l\e_ area \'\.C\S an Ol’Kl’S 01( Sjmmefr_y, -l-;LQ Cen'l‘fo;‘J
o£ -tLo. area U\)I“ \(e qlonﬁ -(:LQ axi's of fl\e Jymme%y

W hen -\:-l«ﬂ. aAr-eosn \'\GL.S +wWo aor rmore 'C'LA)\ +tWwo axes
Oﬂ sjmme\‘:f}, -(:Lq_ centroid will lfe at -E—Lz intersection

of tlese axes-

| |
1

UL AY:'S -re S:‘Wnu. Two xS ”
v‘, SYwm - wore +han +wa

axis symm.

Exl Locate the centroid «f the shaded ares showu .

_ [ xdA __Jyda
’5_'. X = A > 4 A
= dA
L 5
Ll
o dx !
5*)(4/\—5')(3«“ - |
=[x x*dx = xdx =g
! z _ 3
A_chh(: O'XGI'X'}"['XJ
- Jxda /% _ 3 - 0.35m
- X = A \/3 7
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For 3 Y dA
‘y %dp
df=(-x)dy , x=yl? " 4y x
’ inm

\
= da=0-3"")dy

|
SBJA=‘$3<|_3]I1)AJ:5 (j 3 )AJ (—_—35/136
S
- s \o
[

A= GQ-xdy = [ (1-97) 4y

Ry

= Lo-5y70,

= =2 )
3 3

~__ SHA'A — \/lo 0
A 3z e

=— the Centroid J, 1, area 1§ (o.lSM,o.’sm)
PR
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EX-’Lf Lecate ’5(- g-or the SLu:\oLo_nl Ao :
Y (1)

Se-si )|

e X
s . XA ’

A
1= (Yo-90)dx = (x=-x")d«

l
— SXAA;JOXC’X—_Y““)A«
‘ 3 B 7<3 P ]
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Centroid 9/5.‘@7,4’,0_5?7-‘«‘-’__*_.@’?—‘@;

]/’If/, C!?ﬁ/}/ﬂ)'o/ 0,[ Cam/’o‘s/\}g qreq s Can be /fauum/ C(g/[ﬁ_
the relations ;

- YA
?.E.; 27(-/4 ;j:: — "_——Q'/ﬁ\é\
Y A 2 A

a//w/e !
XY 1ot rordS
il /w, ared

ZA: cum  of Fhe aveas of alf Parls (ofal ared),
75/9—; Ce/)ffa/\a{S dﬁ éA@, éafﬂ/ weq .

Centrosefs /df‘ ComMmort Shq/o@g a/f qreqs are. 3(\/’6’/’1
N the table belnd

af each CaM/DdS'}LC /OQ'/Zf 0ﬂ

|
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&}?Cj f() &7 ..2.(;_.__3__1-.]*.
M
__- b | ,"“ -}1__
-5 9.3
+ h
L >
b
- h
'___‘OH‘}D Y :'g
x= 22 J.="
— 5:_4_':__: o.'q'&‘f{‘
K=o 7 3%

X
%ed_——————f )2:2—1 rsimc ,5__,_0
S, x 3 &
AYtO ’ o(in vadions)

>
from AL vS & v

A=t v G (Foreanh seds

R
\_\
T
3-.

j«\ 3:Kx'n(n>o) S /)"f'l _;-v*h

~ gl !
\2@_1?; . % o e
e SETa g
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o | Locate the centroid of the plate Shown:

Sdﬁ;: Tre plafe S dipidled 2
n Fo three S e;/ﬂfS-'
/1 e %m .
* /
i D ]
h - D ) 1m 2m | Im
Ikz_'tam_,q -
=]
_I_ i
. AN
Se m@r)‘é’ A X :é_ ,’4._2-(- —
= — ;. 45 45
@ Loywas 1
| | 3-5
S ~(3:5
@ 3(3)=9 -6 1o
@ _o(1) "L T2 2. > —

iiﬂzllﬁﬂ x=—<|(2A-Y=14

—~ —

SA TS |
4
3/%’4 ,_ﬁ-lf—s—=7.22m @

NewtonDesk.com

v DAx _4q 248"
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6{2 locate %/»e/ Céﬂ/‘)/o/o/ (2

e e S

L

e
)
®
d?e/gment
#5# g.10-80 A
4—19.:0—661 13
| 5 3 .
) s B L, 518
. L Ao 424(4) o052 27
@ | "__5-_(5_).. - “25/3 4 92'20‘1 —
| S A-X TA-
S_A = 69' g7 :354,48 ::-IQ:,I.%

== 254-48 - g.0F CM
=X = Tg9.8F

—\2F-8 . _1.82% &

— ...--——"—‘_':_'
J = &9. 8+ -

—

Diveck St twn s

3 ST (4
o eyt (o434 (555) =TI
| O\ (- 0-y74 (H)
_ (g% 1o)(-) +(0-5¥3%1e) (”'"39')-(0:&()“3))(“ ‘f_,,.,,.;:l
2= (g#le)+ (o cx3#0)~ (¢S | 829
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g)(% loCate THe Centioied (8) Of/hg, CrosS

Sechional dreq of the beanm . Y

4
ol 1.
L @
k ®
@\
-
Y
Seﬁmeﬂf /{—L /3_‘ A :
6/ R B -
@ 5,3 =15 192.-5 (8D
. * .:
50
5 .
@ 10,1910 7—3‘:501
. S AY-
S AAZ
%?g: E__Oj;— - 11:.9 e
or Sirety: - fi0x1)(S) .
)(‘7—'5)*Q°* —- \\,7 n.

(5.5)+(5*3 _
5 :(17’*‘ >(.Q ?‘*-l)-l' (543)_‘_([0*1«)
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(o

— X 4 D) e‘.\ce\('m-l“f\.e »
AT

)

4

|29

3'_6? l‘;g_.__ )

Sed A X Ax
- 9.59)
A 04 «3.6 =194 1-3

() 182-27 oty VE
Z = =¥

@ V2973 =36 0642493 10°
— 06 12 -_?3’06
@ ——é— Co-é)(S)-’r 0-9 3-6—56‘:3'4{ —

_..//;I‘ YA K= 154192
S = 68

A' 1S 192 = 7 - ’L'me

=) X = 7 &.84

6+t 2 R))
(0.4 %3:6)(1:8)+ (- GO 06

.6
_ ;*06*3 (3
,_\.(\ 2*3)(2 L"{»L—) (O _3(_0 5»;&0 “683

_____________________‘
X (o-4*3- &)+ (e : m\ ,‘,‘\
= 0.201m 31 \_ Nevjtpn k. cont
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/_pca?L@ /Ae CCDW”@”’/

| 1
; W 325
| 3%
@ T 1
@#- = <@ o T J'&M
18 lléL RIS "
Yot t Gt (22
(9. 533
 533+75 .,(%’?"9” &
s =0
) ,  AY_
- -2(31):21*33 ~ 63511
LG)32)=F8 3 1641

=%
@
@)
)

(oS so 921} B343

~(32+ 3‘07 .
| U@);“Bl
5 (18)

(5o-5# X2y 2331952

0 DU}
mﬂ@' 5’32‘74
S ——
2AY-
. 3657 «
1A= 36 —545.458

5432458  _149.99
= jé—/i’_‘f-lﬂacm

365 7 /@’75CI’Y\
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Code No: R161216 R16 SET - 1

I B. Tech II Semester Supplementary Examinations, Nov/Dec - 2019
ENGINEERING MECHANICS
(Com. to CSE, IT, AGE)
Time: 3 hours Max. Marks: 70

Note: 1. Question paper consists of two parts (Part-A and Part-B)
2. Answering the question in Part-A is Compulsory
3. Answer any FOUR Questions from Part-B

1. a) Define couple. 2M)
b) Write the equations of equilibrium for coplanar concurrent force system. 2M)

c) What is the distance of centroid of right angled triangle of base ‘b’ and height ‘h’, (2M)
from its base?

d) Define the term “product of inertia”. 2M)

e) Illustrate curvilinear motion with an example. 2M)

f) Write work-energy equation. 2M)

g) Write kinetic equation of motion for a body rotating with angular acceleration ‘@’.  (2M)
PART -B

2. a) Define the following. (6M)

(i) Law of transmissibility (ii) Parallelogram law of forces

b) Figure-1 shows the coefficient of static friction is 0.25. Compute the value of the (8M)
horizontal force ‘P’ necessary to

(i) Just start the block up the incline.

(ii) Just prevent motion down the incline.

(iii) If P=400N, what is the amount and direction of the friction force?

ereeen WWWW. manar esul ts. co.in
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3. a) Determine the axial forces induced in the members of a truss as shown in figure-2  (10M)
2000 N 4000N

b) Explain the graphical method for finding the resultant of coplanar concurrent force  (4M)

system.
4. a) Determine the centroid of a rectangle having base b and height h. (6M)
b) Locate the centroid of an I-section about X-X axis as shown in the figure-3. (8M)
150 mm
LT E—
[] B !
¥
= CI 1 .
150mm * | *
- F—15mm
15 4
P 100 mm =
Figure-3
5. 2 State and derive transfer theorem for areas. (6M)
b) Find area moment of inertia of L section shown in Figure-4 about X axis. (8M)

60 mm
3
. 10 mm x
F—-—— 30 mm—" l
Figure-4
20f 3
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a) A stone is dropped into a well while splash is heard after 2.5 seconds. Then
determine depth of water surface assuming the velocity of sound as 330 m/s.

b) A motorist takes 10 seconds to cover a distance of 20m and 15 seconds to cover a
distance of 40m. Find the uniform acceleration of the car and the velocity at the
end of 15 seconds.

Three blocks A, B and C are connected as shown in the Figure-5. Find acceleration
of the masses and the tension 7} and 73 in the strings. Given p;=0.2 and p,=0.25.

10k
ﬁkg Tl g : T2
A B
=02 Hg = 0.25
C|=20ke
Figure-5
30of3
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I B. Tech II Semester Supplementary Examinations, December - 2020
ENGINEERING MECHANICS
(Com. to CSE, IT, Agri E)
Time: 3 hours Max. Marks: 70

Note: 1. Question paper consists of two parts (Part-A and Part-B)

2. Answering the question in Part-A is Compulsory
3. Answer any FOUR Questions from Part-B

PART -A

1. a) Define angle of repose. 2M)

b) State law of Polygon of forces. 2M)

c) Differentiate between centroid and center of gravity 2M)

d) Explain the term “polar moment of inertia” 2M)

e) Illustrate rectilinear motion with examples. 2M)

f) Write impulse momentum equation. 2M)

g) State any two columb’s laws of friction. 2M)
PART -B

2. a) A roller of radius 40 cm of weight 3000 N is to be pulled over a rectangular block (10M)
of height 20 cm as shown in Figure-1. By a force P applied horizontally at the
centre of roller. What would be the magnitude of this force? Also determine the
least force and its line of action at the centre of the roller for turning the roller over
the rectangular block.

T 20cm
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b) Determine the reactions at supports A and B for the loaded beam as shown in (8M)

Figure-2
a qu— Z LT A = m—
b kN 2 kN/n
I - :
.\ t Pt EEEEE K I BN
W,Z,}f/; ,7%54
2m 3m 2m 3m
L L L 'S —¥
 — A T 1
Figure-2
4. a) Determine the coordinates of cetroid C of the shaded area as shown in Figure-3 (8M)
y
X
’ 60 i 60
Figure-3
b) State the theorem of perpendicular axis. How will you prove this theorem? (6M)

5. a) Calculate the moment of inertia of the shaded area in Figure-4 with respect to a  (8M)

centroidal axis parallel to the X axis.

Figure-4
b) Derive the mass moment of inertia of the rectangular plate about a line passing (6M)
through the base.

t>-2t+4 where x in m, t is in sec. Determine the following:

(a) The time at which the velocity will be zero

(b) The position and distance travelled by the particle at that time.
(c) Acceleration of the particle at that time.

(d) The distance travelled by the particle from t= 3sec and t=5 sec.

20f 3
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The position of the particle which moves along a straight line is defined by x= 2t>-  (14M)
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The 200N (= 20kg) crate (figure-5) has a velocity of V, =4m/s when it is at A. (14M)
Determine Its velocity after it slides S = 2m down the plane. The coefficient of

Kinetic friction between the crate and the plane is x, = 0.2 (Apply work and

energy principle).

Figure-5

30f3
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I B. Tech II Semester Regular/Supplementary Examinations, April/May - 2019
ENGINEERING MECHANICS
(Com. to CSE, IT, AGE)
Time: 3 hours Max. Marks: 70

Note: 1. Question Paper consists of two parts (Part-A and Part-B)
2. Answering the question in Part-A is Compulsory
3. Answer any FOUR Questions from Part-B

PART -A
1. a) Define limiting friction and impending motion. 2M)
b) What are the steps followed while drawing free body diagrams? 2M)
¢) What is the Centroid of a Quarter circle of radius 2 m? 2M)
d) State perpendicular axis theorem. 2M)
e) Distinguish between rectilinear motion and curvilinear motion. 2M)

f) A man weighing 50 kg carries a load of 10 kg to the top of the building in 8 (2M)
minutes. The work done by the man is 60 kJ. If he carries the same load in 4
minutes, how much work would he do?

g) Explain the principle of impulse-momentum. 2M)
PART -B
2. a) Find the resultant of the force acting S00 N (5M)
on a particle P shown in figure. I
i > 450N
30°
3
4
300N 250N

b) A cylinder of radius 10cm and weight 20N, resting on an inclined plane, has a  (9M)
flexible string wrapped around it. The string does not slip over the cylinder, and is
pulled by weight W to support the cylinder as shown in figure. If there is
impending slippage, what is the coefficient of static friction between the cylinder
and the incline?

20N

60°

1of3
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a) A 20 kg homogeneous smooth
sphere rests on two inclined planes
as shown in figure. Determine the
contact forces at A and B.

b) Find the forces in members BD, CD : (8M)
and CE of the truss as shown in :
figure (the loads are indicated in
newtons).

L

a) Locate the centroid of a circular sector of radius r and included angle 2a, selecting  (6M)

the symmetrical radial line as the x-axis.
b) A thin homogeneous wire is bent into a (8M)
triangular shape ABC such that AB =
240mm, BC = 260mm and AC = 100mm.
locate the Center of Gravity of the wire
with respect to coordinate axes. Angle at
A is right angle.

a) Determine the product of inertia with 625mm (/M)
respect to the xo and y, axes passing iﬁ ¥

through the centroid.
Yo

75 mm

b) Derive the expression for the moment of inertia of a homogeneous right circular (7M)
cone of mass m, base radius r and altitude h with respect to its geometric axis.

20f 3
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a) The speed of a truck moving at a 30 m/s 20 m/s (TM)
constant speed of 30 m/s is reduced to
20 m/s in a distance of 200 m.
Determine i) the acceleration assuming
to be constant, and ii) the time taken to e
a stop with the acceleration calculated
in part (i).

200 m

b) An elevator weighing 6 tons together with the passengers descends with a speed of  (7M)
4m/s. If the tension in the cable must not exceed 50kN, what is the shortest
distance in which the elevator can be stopped?

A solid cylinder of weight 673kg and / (14M)
radius 37cm is pushed with a constant
force F=777N, so that it rolls without
slip on a rough inclined track having
pu=0.31 as shown in figure. To move
starting from rest, how much distance
will the cylinder take to attain a velocity
of 7.7m/s? Take 0=27".

30f3
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I B. Tech II Semester Regular/Supplementary Examinations, April/May - 2019

ENGINEERING MECHANICS
(Com. to CSE, IT, AGE)

Time: 3 hours Max. Marks: 70

b)
c)
d)

b)

Note: 1. Question Paper consists of two parts (Part-A and Part-B)
2. Answering the question in Part-A is Compulsory
3. Answer any FOUR Questions from Part-B

PART -A
Define coefficient of friction and Cone of friction. 2M)
Discuss the triangle law to determine the resultant of concurrent forces. 2M)
Differentiate between Centroid and Center of gravity. (2M)

Explain why moment of inertia is always positive while product of inertia can be  (2M)
positive or negative.

Mention the equation of motion for rolling bodies. 2M)

Under what situation, is it better to apply the principle of impulse-momentum (2M)
rather than the principle of work-energy?

State D’ Alembert’s principle. 2M)
PART -B
Replace the system of forces and 200 N 100 N (TM)

couple shown in figure by a single
force couple system at A.

In figure, determine the horizontal (TM)
force P applied to the lower block to g

just pull it to the right. The coefficient

of friction between the blocks is 0.2
and that between the lower block and
the plane is 0.25. Assume the pulley to

be frictionless. AT T T TITTIT 7T I T T 177 1777 T 7T 7 4T T7T

Block P of mass 5kg and block Q of mass m kg, suspended through a cord, are in (TM)
the equilibrium position as shown in figure. Determine the mass m.

e VWAL rRNar esul t's. co. i n
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b) A truss is loaded as shown in figure. N
Find the forces in members AB, BD
and BC. 90° N30

500N

a) Determine the distance of the centroid from the base of a triangle of altitude h.

b) A wire has been bent into the shape as ¥
shown in figure. Determine the position A
of the centroid of the wire.

a) Calculate the polar moment of inertia of
the area shown in figure about point O.

B 4cm C

b) Find the mass moment of inertia of a hollow cylinder about its axis. The mass of
the cylinder is Skg, inner radius 10cm, outer radius 15cm and height 20cm.

a) A stone is dropped into a well and the splash is heard after 3s. If the speed of
sound in air is 340m/s, determine the depth of the well.

b) A solid cylinder weighing 1300N is K3 P -
acted upon by a force P horizontally as
shown in figure. Determine the 1.6m

maximum value of P for which there A

will be rolling without slipping (given

u=0.2). ] R
C

A road roller has a total mass of 12,000kg. The front roller has a mass of 2000kg,
aradius of gyration of 0.4m and a diameter of 1.2m. The rear axle together with its
wheels has a mass of 2500kg, a radius of gyration of 0.6m and a diameter of 1.5m.
Calculate the kinetic energy of rotation of the wheels and axle at a speed of 9km/h
and total kinetic energy of the road roller.

20f2
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I B. Tech II Semester Regular/Supplementary Examinations, April/May - 2019
ENGINEERING MECHANICS
(Com. to CSE, IT, AGE)
Time: 3 hours Max. Marks: 70

Note: 1. Question Paper consists of two parts (Part-A and Part-B)
2. Answering the question in Part-A is Compulsory
3. Answer any FOUR Questions from Part-B

s s s b bt it bt b Pt it b b b b Pt P P b ot ot s s

PART -A

1. a) Explain how to resolve a force in space to determine its components. 2M)

b) State Lami’s theorem. 2M)

c) State Pappus theorem to find out the surface area and volume of a body. 2M)

d) Differentiate between polar moment of inertia and product of inertia. 2M)

e) Define curvilinear motion with suitable examples. 2M)

f) Show that energy of a freely falling body is constant. 2M)

g) Explain transfer formula for product of inertia. 2M)
PART -B

2. a) The resultant of two forces acting at a point is 75.71kN, where one force is double (6M)
that of the other and if the direction of one is reversed, the resultant becomes
57.17kN. Find the magnitudes of two forces and the angle between them.

b) Two blocks W, and W, resting on two W, = 1000 N
inclined planes are connected by a
horizontal bar AB as shown in figure. If
W, equals 1000N, determine the
maximum value of W, for which the
equilibrium can exist. The angle of
limiting friction is 20° at all rubbing
faces.

(8M)

3. a) Three concurrent forces are acting on a body which is in equilibrium, then the (6M)
resultant of the two forces should be equal and opposite to the third force. Prove
this statement.

b) Find the forces in members EC, DC and (8M)
DH of the truss shown in figure.

A E
y2) E C G

80kNl Q
4@ 4m=16m —

4. a) Locate the centroid of the area bounded by the two coordinate axes and a circle of  (6M)
radius a with its centre at (0,a).

of 2 .
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b) Find the centre of gravity of the L-

a)

b)

b)

section shown in figure

Determine the product of inertia of a
quarter-circular area about its centroidal
axes which are parallel to its edges.

R16
—p{2 CMit—
8cm
10cm

SET -3

(8M)

(TM)

Derive the mass moment of inertia of a rectangular plate about a line passing (7M)

through the base.

A car covers 100m in 10 seconds, while accelerating uniformly at a rate of 1m/s*>.  (7M)
Determine i) initial and final velocities of the car, ii) distance travelled before
coming to this point assuming it started from rest, and iii) its velocity after the next

10 seconds.

A ball is thrown vertically upwards
from the ground with an initial velocity
of 20m/s. Determine i) the maximum
height reached by the ball, ii) the time
taken to reach the maximum height, and
iii) the total time of flight.

Two blocks A and B are connected with
an inextensible but flexible string, as
shown in figure. Let the system be
released from rest. Determine the
velocity of the block A after it has
moved a distance of 0.7m. Assume that
the coefficient of friction between block
A and the plane is 0.31. The masses of
the blocks are ma=95kg and mp=143kg.

|
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Note: 1. Question Paper consists of two parts (Part-A and Part-B)

2. Answering the question in Part-A is Compulsory
3. Answer any FOUR Questions from Part-B

s s s b b it bt b Pt it P P b b b b Pt P P ot s s

State Coulomb’s law of dry friction.

State the conditions of equilibrium for coplanar concurrent forces.

(2M)
(M)

What is the center of gravity of a cuboid with dimensions (I,b,h) = (30, 40, 90) (2M)

cm?

Explain the term radius of gyration. What is its application?

State the equations of equilibrium of a rigid body experiencing a planar motion.

(2M)
(M)

The work done upon a body by a system of forces causing uniform velocity is (2M)

zero. Discuss.

Draw the free body diagram of a block on a smooth inclined plane, is restricted (2M)
from moving downwards by a string attached to it.

PART -B

A 100kg box is shifted by two persons,
one pulling it exerting a force of 200N
inclined at 20" to the horizontal and
another pushing it from behind by
exerting a force of 150N inclined at 10°
to the horizontal. Determine the
resultant force acting on the box. Refer
figure.

Two blocks A and B are placed on
inclined planes as shown in figure. The
block A weighs 1000N. Determine
minimum weight of the block B for
maintaining the equilibrium of the
system. Assume that the blocks are
connected by an inextensible string
passing over a frictionless pulley.
Coefficient of friction pus between the
block A and the plane is 0.25. Assume
the same value for pg.

150 N

20°

200N

(6M)

(8M)

Explain the statement ““two equal and opposite parallel forces produces a couple™.  (5M)

1of 3
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b) Find the forces in all members
of a truss as shown in figure
which carries a horizontal load
of 12kN at the point D and a
vertical load of 18kN at the
point C.

a) Locate the centroid of a semicircular disk of radius r.

b) Find the centre of gravity of the I-
section shown in figure?

a) Determine the product of inertia Iy of
the area under the curve.

b) Derive the mass moment of inertia of a right circular cone of base radius R, height

H and mass M about its axis.

a) The driver of a car travelling at a
constant speed of 10m/s sees the traffic
signal ahead of him turning green, when
he is at a distance of 200m from the
signal. If the signal remains green for
15s, what should be his minimum
acceleration in order to just cross the
signal before the light turn’s orange?
Also, determine the speed with which
he crosses the signal.

b) An elevator together with the passengers weighing 2 tons is supported by a cable.

(6M)
l%— 8 cm —p i (8M)
2cm
T
12cm
l—b 2
, ¥
2cm
|¢——— 16 cm ——»l
v (TM)
A
=g
Y
l cm
1l cm >
(TM)
(M)
(6M)

Determine the acceleration of the lift when the tension in the cable is (i) 23 kN,
when the lift is moving upwards and (ii) 18 kN, when it is moving upwards.

20of 3
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A train of weight 18,365kg moves (14M)
down at a uniform speed of 36kmph,
along an incline of slope 1:83 and
develops a power of 40kW as shown in
figure. If the train is pulled up at the
same speed, determine the power

required to pull the train.

30of3
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Note: 1. Question Paper consists of two parts (Part-A and Part-B)
2. Answering the question in Part-A is Compulsory
3. Answer any FOUR Questions from Part-B

1. a) Define coefficient of friction. How is it related to angle of friction? 2M)

b) State the necessary and sufficient conditions of equilibrium for a coplanar force (2M)

system.
¢) Define the centre of gravity and centroid. 2M)
d) Explain Polar moment of Inertia. 2M)
e) Differentiate between kinematics and kinetics. 2M)
f) Define Impulse and momentum. 2M)
g) State the laws of friction. (2M)

PART -B

2. a) Explain how will you reduce the system of coplanar, non-concurrent forces to a (6M)
force and a couple.

b) A uniform ladder of weight 800N and of length 7 m rests on a horizontal ground (8M)
and leans against a smooth vertical wall. The angle made by the ladder with the
horizontal is 60°. When a man of weight 600N stands on the ladder at a distance
4m from the top of the ladder, the ladder is at the point of sliding. Determine the
coefficient of friction between the ladder and the floor.

3. a) Three concurrent forces have magnitudes of 80 N, 120 N and 100 N respectively. (6M)
Determine the angles among them that will produce a state of equilibrium.

b) Determine the forces in all the members of a cantilever truss shown in the below (8M)
figure.




a)

b)

a)

b)

a)

b)

Code No: R161216 R16 SET -1

State and prove Pappus theorems of area and volume.

Locate the Center of gravity of the area

L . 10
as shown in figure with respect to Y. e
coordinate axes. All dimensions are in ] T 10
mm. 20 <
@ l @ | [10
i @ 10
< 40 »l X
(€)
v

State and prove transfer formula for product of inertia.

Find the mass moment of inertia of an aluminum pipe of 120mm outer diameter
and 90mm inner diameter and 2.5m height about its longitudinal axis. (density,
p=2560 kg/m°).

A stone, dropped from a certain height, can reach the ground in Ss. It is stopped
after 3 seconds of its fall and then allowed to fall again. Find the time taken by the
stone to reach the ground for the remaining distance.

A launcher fires a missile with a velocity of 60m/s at an angle with the horizontal.
If the missile lands 323m away at the same level, determine the angle of
projection. Also find the corresponding time of flight and the maximum height
attained by the missile.

A car weighing 15 kN is travelling
down a 12° inclined road at a speed of 4
m/s, as shown in the figure. To avoid an
accident, the driver suddenly applies
full brakes causing wheels to lock.
Determine how far the tyres skid on the
road, if the coefficient of kinetic friction
between the tyres and the road is 0.6

20f2
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(8M)

(6M)

(8M)

(6M)
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g)

b)

b)

Note: 1. Question Paper consists of two parts (Part-A and Part-B)
2. Answering the question in Part-A is Compulsory
3. Answer any FOUR Questions from Part-B

PART -A

“Friction is independent of the area of contact between the two surfaces.” Explain.  (2M)

Two forces are acting on a body and the body is in equilibrium. What conditions (2M)
should be fulfilled by these two forces?

State Pappus theorems. 2M)

Explain area moment of inertia. 2M)

When do we call a motion as rigid-body motion? (2M)

State the principle of impulse-momentum. (2M)

Write the equilibrium equations for a concurrent force system in space. (2M)
PART -B

What do you understand by the term’Couple’? Discuss the characteristics of a  (6M)
couple.

A pull of 60 N inclined at 25" to the horizontal plane, is required just to move a  (8M)
body placed on a rough horizontal plane. But the push required to move the body

is 75N. If the push is inclined at 25° to the horizontal, find the weight of the body

and coefficient of friction.

A 10 m boom supports a load of 600 kg, as shown in (8M)
the figure. The cable BC is horizontal and 10 m

long. Determine the forces in the boom and the

cable.

Discuss the assumptions made in the analysis of simple truss. (6M)
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a)

b)

a)

b)
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Discuss the procedure to find the location of the centre of gravity of a composite (6M)
body.

For the I-section shown in figure, find (8M)
the moment of inertia about the le— 8 cm ] _L
centroidal axis X-X perpendicular to the | | 2cm
web. ? —f
12cm
—»| 2 [¢—
cm }—

4
[ \2cm
—— 16cm~>l_f

Find moment of inertia values of circle of radius 25mm about its centroidal XX (6M)
and YY axes.

Find the moment of inertia of an aluminum pipe of 150mm outer diameter and (8M)
120mm inner diameter and 3.5m height about its longitudinal axis Y'Y.(density,
p=2560 kg/m>).

An elevator is moving upwards with a constant speed of 10m/s. If a man standing  (6M)
inside the elevator drops a coin from a height of 2.45m, find the time taken by the
coin to reach the floor of the elevator. (g=9.8m/sz).

A motor cyclist wants to jump over a 4
ditch as shown in figure. Find the ~—-——--—-——--——§'_~__ T
necessary minimum velocity at A and B T R
also find the inclination and the B
magnitude of velocity of motor cycle
just after clearing the ditch.

(8M)

Three bodies — a sphere, a solid cylinder (14M)
and a ring — each having same mass and

radius are released from rest on a plane .
inclined at an angle 6 as shown in :
figure. Determine the velocity of each .
body after it has rolled down (without TT'\‘FPM""’“'
slipping) the inclined plane through a 7‘"
distance s, and hence find the ratio of e
the three velocities.

N
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Note: 1. Question Paper consists of two parts (Part-A and Part-B)
2. Answering the question in Part-A is Compulsory
3. Answer any FOUR Questions from Part-B

1. a) Define: (i) Cone of friction; (ii) Limiting friction. 2M)

b) What are the conditions of equilibrium of a system of coplanar non-parallel, non- (2M)
concurrent forces?

c) What are the conditions under which the centre of gravity of a body becomes the (2M)
same as its centroid?

d) What is the significance of polar moment of inertia? 2M)
e) State the assumptions made while studying projectile motion. 2M)
f) State the work-energy equation for translation. 2M)

g) Explain the statement, “Two equal and opposite parallel forces produces a (2M)
couple”.

PART -B

2. a) Explain the procedure to find the resultant of parallel forces. (6M)

b) Three collinear horizontal forces of magnitude 300N, 100N and 250N are acting (8M)
on rigid body. Determine the resultant of the forces when (i) All the forces are
acting in the same direction; (ii) the force 100N acts in the opposite direction.

3. a) On a ladder supported at A and B, as (8M)
shown in the figure, a vertical load W
can have any position as defined by the
distance a from the bottom. Neglecting
friction, determine the magnitude of the
reaction at B. Neglect the weight of the
ladder.

b) How will you prove that a body will not be in equilibrium when the body is (6M)
subjected to two forces which are equal and opposite but are parallel?

www. ManaResul ts. co. I n
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b)

a)

b)

a)

b)
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Determine the area generated by rotating a line of length "1" about x-axis from a
distance ‘r" using Pappus theorem.

For the T-section shown in figure,
determine the moment of inertia of the
section about the horizontal and vertical r l}iz em
axes, passing through the centre of
gravity of the section.

le—— 12 cm—»

12cm

—» 2 cmig— \

Determine moment of inertia of a steel sphere 150mm diameter with respect to
centre of gravity axes. Given density of steel as 7830 kg/m3 .

State and prove the parallel-axis theorem.

Two bodies start moving in the same straight line at the same instant of time from
the same origin. The first body moves with a constant velocity of 40m/s, and the
second starts from rest with constant acceleration of 4m/s”. Find the time elapses
before the second catches the first body. Also, find the greatest distance between
them prior to it and the time at which this occurs.

A particle undergoing central force motion has a tangential velocity of 20m/s
while at a distance of 300m from the central point. Using the fact that the areal
velocity of the particle must be constant, find its tangential velocity when it is
400m away from central point.

Find the work done in moving a 20 kg
wheel by 2m up in an inclined plane with an N
angle of inclination equal to 30° with D‘QQ

coefficient of friction 0.25, if a force of
400N is applied at the center of the wheel as
shown in the figure. What will be the
angular velocity of the wheel after the
wheel has travelled 4 m up the plane? Take

radius of the wheel to be 0.1 m. 30°

VWV, I\/analz?fezsul ts.co.1n

(6M)

(8M)

(6M)

(8M)

(TM)

(TM)
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Note: 1. Question Paper consists of two parts (Part-A and Part-B)
2. Answering the question in Part-A is Compulsory
3. Answer any FOUR Questions from Part-B

1. a) Explain the phenomenon of friction by taking an example of a block placed ona (2M)
rough surface.

b) A number of forces are acting on a body. What are the conditions of equilibrium, (2M)
so that the body is in equilibrium?

c) What is the importance of axis of symmetry in determining the centre of gravity? 2M)

d) What is the physical significance of moment of inertia? 2M)

e) What do you understand by central force motion? 2M)

f) Write the work-energy equation in case of fixed axis rotation. 2M)

g) State D" Alembert's principle. 2M)
PART -B

2. a) Show that the algebraic sum of the resolved parts of a number of forces in a given (6M)
direction is equal to the resolved part of their resultant in the same direction.

b) Determine the resultant of the force y (8M)
system shown in the figure. Assume (25,25)
that the coordinates of different points 5.20) 90°
are in meters 60° 80N o)
. 120N 750
100 N 45°
(10, 10)
150N
0 - X
3. a) State and prove Lami’s theorem. (6M)

b) Find the forces in all the members of the truss given in the below figure. (8M)




a)

b)

b)

a)

b)
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Determine the volume generated by rotating a semi-circular area of radius "1
about a non-intersecting axis using Pappus theorem.

Find the centre of gravity of the L- —»i2 cmi<
section shown in figure. T
8cm
10 cm

2cm
Yy

l¢—— 6 cm —p

An isosceles triangle section ABC has a base of 100mm and 60mm height.
Determine the moment of inertia of triangle about the centroid and about base.

Determine moment of inertia of a cylinder shaft of 120mm diameter and 1.75m
height about the centre of gravity XX, YY, ZZ axes. (density, p= 8000kg/m").

A vehicle running at 36km/h on a straight road accelerates uniformly to 72km/h
over a distance of 200m. Determine the acceleration and time taken. How much
distance will be covered by the vehicle in the 5™ second?

A solid cylinder weighing 1300N is
acted upon by a force "P° horizontally
as shown in figure. Determine the
maximum value of "P° for which there
will be rolling without slipping. 1.6 m Ade
(coefficient of friction, u=0.2).

Ny P

C
A bullet of 25 g mass is fired with a speed of 400 m/s. What is its kinetic energy?
If the bullet can penetrate 20 cm in a block of wood, what is the average resistance
of the wood? If the bullet were fired into a similar block of 10 cm thick wood,
what would be the exit speed?

20f2
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(6M)

(8M)

(6M)

(8M)

(6M)

(8M)

(14M)
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