Engineering mechanics

These notes were prepared to help students better
understand the course. However, please note that they are
not sufficient on their own. It is strongly recommended to
practice the suggested questions provided by the instructor
to fully grasp the material and prepare well for the exam.
There might be some mistakes in the notes. If you find any,
feel free to contact me at the number below. | will review
and update them if needed.

| also have the solution for the required Textbook question.
If you're interested, feel free to reach out.

& My number: [0770693750]



M echanics
Chaptert ( stabics)

.| Mechanics

b Mechanies is  branch of Ph»ds:ud, gCien ces

Helo ;s concernedl it e Skebe of repr
or motion of pool ex tHeb ouwe sub jectedl tue  arkion
ot forcex ,Three branches:-

D riggiel - booly Mechanics

2) olePorme e — mechanics

3) fluid Mechanmies

we uwsill s-lucbn ﬁ‘&;d-boo(rd mechanics gince it

is o bagic requirement for e stwly oF -te mechancs
of Filuicls , Purtrer more, r;eacol- body mechunis is eaqemiiel
for mo?atah ond aunadiyeq’s of oy bypes ot
struetural members s maun ypeg of gtrueturd members,
med\m:cuLc.omponeM-s or e'.e.pl—r:emlo',&ltce& encownte red

in_engjineenny
¢ Riggid - booly mechanics is divided nto two asens -

(D ghesksics : clea{s  with He e;u,;b' brium o ppiet , blub g
those Hab are  Either als regbh ovr ymove witlh ce confiunt velocikj

Q Dygnamics - Concerned wt Yo czeelepebedd motion
oFf booliey

b we can  consicler glakics b e Special Ccole ot

olzsna.m:cx, N whied, e alceleyahion ($ Bex®, however
stobt c® oleterves gepowrats tecbvewt  in engineering

edacation since many objeeks owe degrgnea] with
te intenhion tlalr ey femein in e_a},w'-ubr.‘um

L9 fumclamenteal concepts (BeA™ of uuntities)

= o: whedd to locebe Yo pogition oFa Pointin
SPAM% 'Hﬁl—l‘ebd cl@%or{be He iz Oﬁ al hdS"C—uL
stem .once o Stuncloml unik (ST units rexqmplé
of leagHn i2olefinal s oNne Ccen Heone it to
define distance s anel yeomekfic pPropestiel of
ot boaly 08 medtipleg of twis un't.

= Time: concievedd o & Sugzession oF events,
ALthough e principles oF clekics wre
Lime inaﬁepenoee«;l' L g o}u..ul-:l-;, plegs an imporiunt

role m e phualy of a!/ana.m\cs,

= Mass : 15 omesguwre of o cl_u.ankl-j o mebler tHekt
s wted  to com pate bhe cenion of one

booly wittn Hab of anotaer . firs
Prape,ri-j moni Feats kst g
P 3rm"r«6fonw(. atbragtion pebween
twe bOG&e& aned rov:ote& o Meulwre of
He tesiStance o melley to

o ch,anﬁa in_ yelociy
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= Force : In ge neral , Force is
c,ons»‘dered ol a ”PML\” or ﬁuﬂ,”
exerted by one boobj on anoter.
Thes interaekion can occur when Hiere
is diteet contanck belween #e boolies,
such as o person pushing on well ,or ik
con occur Ynrough o distunce when tre
bookies are physically sepeseted

exumples 0F e lebter type include
%rau.“l‘aél‘ond ,electrical |, anedl Ma-dnweic
Forces (sm e s p09 o3 o\ Garae Slp®l 515 )
= Fforce is completely chatacterized by its
magnitude ,ireebion , and point ot application

¥+ So b
force
N —— f
divect contaek not tequireclireek
= Contoct
puth pst ex: %rcw;{-ab‘anui Porce
electrical
maghabic

T dealiabion (modeling):

+ Models or icdeu lizabions ore ugedd
in_order o simplify applicabion of e
theory . Here we  will consicler Phree
imporient icdlealizetions:~

2 porticle  : A particle hoag o mats , bub
a $iZe Mk can be neglected ((lago ).
for Example the 3i2e of He ewrth can be
mooleledd ag a porticle when stucling
its ovbital motien. when o body is
iolewlized o o parttcle , #e prin ciples oF
mechanick recluce b0 e rabher s\'mph'ﬁruﬂ
from since e geomekry oF e booly wsill
not be involved intre conednsic oFf He
Pmblw



= Rigicd becly : A r.‘e«coe bocly
as o combinabion oFf a.La.fﬂe. Aumber o‘flpcorh‘cle%
in which all fe porticles remain ab a Pixed
distance from one onotver ) hotn bePore ovwol affer
MPP((WJ e Lovel

Jotormabion under o load 9 05 lo Rigid bedysi &

whﬂé is WS important?  posamebers Jy J=>1 ﬁyb > &
[’Q_;M’S.\\n)\\;n(p(}mg: 215w) 5000l mekerial  Of TRT
S o Bolahh TR Propertien Adest Tuyblrelsnls

mechonicall proper ties [Physiced propesiies = |
proper ties [physicel propes dorp

$Tlis modlel ;S important because e boolu’s
Shape does not Change when o loasl is app)id,am!
So we oo not have 3o cConsider #e +Hpe ot
matericl Lrom which He badd S maa(c-

¥In most coses the azbuad olePor mation occurring
in structures ,maehines , mechaniom and He Lihe andl
Telakively smeld, and the rigiol - booly ecssumption (s
Suttoble For analysis-

= con centrabed Force : A con centratel force
represents e effect of a loading which is assumeal
tLoact at a point on a bon . we _can (epfefent o Joar)
by concentrabed force, providded the atea over which
te Locel iy appled (s verg smoll compared to He
Overatl size of He body.An example would be tve
contaet Force bebween wheel § e «araﬁm’ :

Mewton’s tlree Laws of motion
remineesing  mechanics iS formulatel onte boss
ot Wew ton'S Hree laws of mokion :-

@ Eirst Lo perticle onginedly ab rest, of moving in

a S'\'Ta.iﬁhl' fine with cengtaunt velocﬂj 1tencls to remauin
in Pais_steke proviced e particle s not sub jeck eal

to an wunbelanced Porce

® secondd Laww : A pasticle aeted upon b~3 an
unbelencedd force () expefiences an occelufa bion
(a) thet heg the sume clitection as He Force and
a mognitude bhab is lirectly proportional bo He
Porce . if (F) ;s opplied o a Pml'fde of mas (m),
this Lewo men be e xpressed mwﬁhmcw-‘ccu(d as:-

Y

(A.Vl.ib U: Kral'l
sl

can be contiddered] @ Thirdl Lo : tte  mutual Porces of owtton § remehion

between 2 perticles are equal ,oppositelh coolinenr
) 3ol (1) Ao laiml 4
Action —feaotion Lew

+ Shor l'”j a-f-\-o( 'ﬁorrnuiw(:fnﬂ his $heece Lowvs
o’£ motion, Newton Po“,\-u—lul,‘u! ce Lew %Quun:v\ﬂ
the amu:l-w(:x‘orw& atfreetion bebween any rwo

P iiclex -

r" G" M, M2z
Y-?-

when:-
Fs Force of bebroeen two Fcuth'dq
G= universel congtant of %rwvd-abfon ,accoutdin
to expefimenizl evidance

rcavstebion

-12

G -66.#3x16

_m*

Ky

My ,mz: mefs 0F each 0F two particles
r:d:s+ance bebween He +wo Pmi:ecl%

In the case of o porbicle Locaked ab or newr
e surface of e eorth e only camuchbtor\at
force Mn‘nj Sizable muqm'l-uofc iS theb bebween
the earth cmel the particle. Consequently,this
{ov‘ce., termed the wetght yuwill be the only
grow: tebional Force considered in our stusly of
meChanics

4-: 6‘ mi M2
rl

> Ws G m&c
r

Llotbing o. G Me  yields
>

W = Ynﬂ

1.3 Units of Measurement

* The four basic quantities— LIRS EE SRR

length, time, mass, and force  Name Length  Time Mass Force

—are not all independent International meter second kilogram [m

from one another; in fact, they  System of Units 5

are related by Newton's o J ke <kg~m>

second law of motion, F = ma. .

Because of this, the units used ~ US f‘;_::‘;"“"? foot d st pound
.2

to measure these quantities
cannot all be selected
arbitrarily. *Derived unit




1.3 Units of Measurement

C hapiofz

9| scolars anel yectors

TABLE 1-2 Conversion Factors

| $many phasicel auantities in endincenng
) 13 [y J

chant m ing ei calesrs o

: itive or negeabive pbzl,sic(ﬂ.
that n compl veel
ks ex im
these numbers will be given in the exom
i = Vecdor: iS 3 anki e
¥ note:.- D10 a stuol irection for its co
G- 10t me= 16> description (ex: {erce , position , moment)
M. 106 Moo bilis aveahor when we rfomnce it
l\{:f' 10> n =16* A (Boldedl): vector quantity or ﬂﬁ, f'W',}m"“‘& zbj;i‘?lu
whe

_10
/LSmuﬂ. Le ther A—'lD'-‘Rup\-rm(WcMeibbomm

ﬂfc—““&f— e cupitol letber  Tor Kilun Tongh)

A=zvector magni{uole.

Line of action—.

Example 1 :-

= - Head - ~

convex b 50 km/hr — ( ) m
S

>m

SOKm y The 4 10

hr 24008 1Kg

=50 XIOS =13. 88

3600

£ xam plex i it of (5009) is |

C ©o o on_ o cm |
s&

on it (N)

The length of the arrow: magnitude of
the vector

The angle 0 between the vector and a

Jsjﬁr.iam_m%

fixed axis: direction of its line of

500¢(~s 500U6> Ha = O.5Hq
U \V) J

action

) The head or tip of the arrow: sense of
Dem o, 10 - 0./ m : ’ A i
S dom 5 direction of the vector. |
[ Az X - .
S‘l
ample: i F we oco &
100 —3 FE/S
+line of aekion : b highli b d
{—00_)_:,? ( +0d J/_;J/Of_,l@ Lan yWo9
(00 m ¢ _ 1Tt . 228082 €
s 0.3018m

2.9 veckor operabions

2.2 Vector Operations =
L[ e ] o

Triangle rule Triangle rule

@
Vector addition; R is resultant

R=A+B

A A / R

. N : .

3 A B

\ B B |—
h
RoAm
Parallclogram law

@ ) ©

Addition of collinear vectors
Vector addition: R is resultant




2.3 Vector Addition of Forces

NP
F \ ; 2 Q
T Finding resultant force
¥ ’\9

Fy
Fr=F, +F
)

) Q‘ w:"'i

.
<
F,
(a)
o\ I
/ ¢ ¥ / F
/
£ F ¥
/ ¥, Finding force components
jl;;/' " v —_—u =
(a) (b) (c)

¥resultant force : ) 8 <y 2y 2 g_s!(b‘j‘ o@ql Uy <;9
Forces 3 4le carko (2 pas)
how &o find it2
from the end 0 (F) we diaw o line which is
Pmcba/d eo(F)
from tle end pP(55) we drwo o fine which s
paratlel o C£)
then we drow a Line Prom the beginingof boti
veckors {o e Pont of interseckion pebween the
2 fines Htub we already Arewn .
then we have Hhe regwitont force vecton

| of Hee resulbant Porce

2.3 Vector Addition of Forces

C

Addition of
Several Forces

Fy

Cosine law:
& e~ C=VA>+ B> —2ABcosc

where ¢ hete

(. mdﬁh\\-uﬂc) f%w\‘\'ﬂﬂ‘t Si;e law:B -
Lo Lined {Monn .'l-tukc_/ sina _sinb _ sinc
of angles

N oo pam(,llolo%mmd-.y_; & 3 Porces <_.f¢'u= O

MJP”“MebWaW drogay cuam 293K feswliant
2 go (eSulbant N

Example (2.1 /PwJeZS)
find the wituede 8 diveetion

b tlis method s colled perradlelogrem
methald Sy A0

#fmo(mﬂ focce  com ponents

Lgi%cs when we adremi’d hae o fesultant
fbrce B we want Lo Lind the com Ponemf%r ot

CXaMPlc

¥ note; Loyl ool Sloldy Foye e Tauy))

Now we hﬂ_e {—o w@/@&& Hre conyle.

R

4

> we drwo o fine From tHe headd oB(S)
which (s pewallel o Cv) wntil i€ intecsecks
(L) B Hhen we draw o Bimg Lrom the hewd of
(5D which is Pwmaeﬁ Loty unbil cf intersects Hhe
v Line (the 4 reen Lined)
=S then the Yu com ponenk from e tail of (U)undil
the indersectton of Jhe two Kines
b he &y Com pon ent Lrom the bail of () unkil
the intercection of the hoth fne (a8 shown
{,l«@ b’% fme;s
gephblo (550 Tletall Job s O LTy sb5 k5% Gioo
20 )l

Lo Lnel He angz& of s»
— 20—10-1S:=£5°

fnote . e sumof fre intetior angles of
o juadralwcmﬁ is 360 Jeﬂ{ea

So 3860 -(2x 65)s 230 = 1)5°
2 Por each angle

we will use He fower Er\‘amﬁle

= (-
fhs \)(loc)"-t( 150)%- ( 2 x (00X 150 xC05 IS}~ m Uj{o

(.

;R;, 2)12.6 N 2 the maJnGqullé now f:‘m(-'n@ He

an.ﬁle
bo find e must finel b
G- ¢ +Is
uging sin Lawo
150 - 2126  P-39.8 so 9=15+%1.8
gl  §in(15°) =6y.8°




¥ cartesian veecror noYedson: it ic algo Pos‘siblc o

ﬂl—'k.

£g =912.6 N ak 4“";,‘

fepiegent  the % andl Y components of a Force

in k&m&otwe@ian nit veckors ¢ omel ;. auri

ynib e a

Adimenssonlegs maqml-.mlr of (0,

bau%egz to oles-qna.lze the J.rec\-cona oF He % cundd

-

X m gl

E'xamp)& 23/ IDwgﬂ 25)

YU w"we. i
Jd

4

Determine the magnitude of the component force F in Fig. 2-13¢ and

the magnitude of the resultant force Fy if Fy is directed along the
positive y axis. ]
N >

£ since dle ma.oaw"'de ot euch comrooneMLL
e,

wan kv ich r
ers Fx ool £y sthen we
rlesion veetor

1 il A

3.4

RN 2 goon | addibion oF  Zonces tiuk
\1; éa/ e i n wo
D
£ = 200
SN B0 sin4s
L-2444 N N%

FR=\ (244-2) "+ 200) - (SZXQ’-F"MXMO

-
>

2.4 Addition of a System of Coplanar Forces

(Cog 15 * Copl Force Resultants: addition of forces that lie in the same plane. Two methods:
5
FR=933.2 N
F, "
f . F,
ol ugin g %ine haw N ' ‘
F;
900 < £R F) = Fyi + Fy Hence, Fe=F +F+F
. S =Fui+ Fyj— Fd + Fyj + Fid—Fyj
ny . F, Fi + By j vector L Ty E v ?
?‘ 5 g) VI,?'S K3 ="F;; i — F3,§ resultant is: _ Eg'; i +F Z(F :;‘x)' +Fy + By~ Fy)j
FR: 2139 v fue" (esul tunk JU gt < U5 S o &
vglon e ﬂ Cco har

Lorces

2.4 Addition of a System of Coplanar Forces

2.4 Addition of a System of Coplanar Forces

* Coplanar Force Resultants

(FR)x = zFx
(Fr)y = 2F,

From figure, the magnitude of Fk is then (Fr)y

found from the Pythagorean theorem

= V(Fp)} + (Fp)?

F

F=F.+F, Fo_a - Fiw F(f) From trigonometry:
N Fy=Fcos 0 B ‘ | (Fr)y
—1 Rly
6 = tan
Fy=Fsin6 E _b F, = —F(é> | E:
N F = c or y c
. . S —=._ o
== dWs 00 Tesultunt ) ool ooy
l an \ 4

=
Jo_ﬁx_,_%_am_fg&-\-an %a lay com Pon&"l,{' S




Example (2.5)
Ydeterming (5x b ey) o £

M{l'r%t on He boom 4 exprise

eaeh tesra

F=

Exuvmr)lf 2.F

P dwolbiy ta
-fp(:- =200 8n30
= ~I0O0 N = (100OpE—
Figs 200c0830=)73 N

or 123N 7

Fon=260x12

13

The end of the boom O in Fig. 2-20a is subjected to three concurrent

| and coplanar forces. Determine the magnitude and direction of the

resultant force.

(a)

2 Fa- 250N

S0 now we hawe

$i=£100C +173 )N
F2=(2 40 ~100§ Al

S Ex=-4oo + (200 x %-) + 250%in4s

E')Camplc (2.6)
determine  tle ma.q”u-‘hule

2’:)(:"3 83 2 /\/

ireckion of csutbunk
force. 2;1\\): 2 50 cos 45+ (Qoox_;_/)
fix= 600X CcoSzO = 2443F N
2014 .45
¥4 = 600 £ Sin30 o [ )2 H(F )
=300 =485 N0
Foxz —4oo X gin 45 . :
=-282.84 2 Q- dan” [2257) - 57344
\ 59547
-rzas 400 A coS 45
Z942.842 o
LA
25x=93£.8
£04.582.8 FR=236.9¢ 15828
e o=
Sh= WA)Z{EOZ
fp=® 629N

o - f/an—'(f—.%
2565

9 24°

Yo-429 8 2¢29°




* Cartesian Vectors. Used to simplify the solving of problems in three

2.5 contesian veelors

F Cotesian veekors uted to simplify the soluw
ot Pr\oblow-g in three imensiong

‘*Klﬂ%b hondbeed co ovelinat:es saslrem:u&enl to

dewelop T”"C-"\"’“wj of veetor odrﬂebm te
Lollowr

= fegtungules components oL & veebor: A veelsor
(A) Moy hewe gne,two, of three rea tenyuder
c,omponw,{-s a{onﬂ X, 4,2 coordn sebe etxes,
alepuu&')’lj on how the veetor is Of'\‘uvt-l-ae

(elabive +o tre orxces

A« A +A2
then /—l—’S‘/l-x-t-AJ .
Hence A= Ax«Ay+A y

dechors i Fmi 2y 3D L om Uit s #
Cxtestan df5 Lz
veetors
£ Cox € esiany veckors - useed Lo $‘"‘P’l’6
the Solving of prablens ;n three
dimensions

# Cathesiun wnib vecksr : in theee olimensions
the se® o cearbigion uwnit yeckos

&JG)K, 215 wged co alos,‘s netbe clivecrions . |

of %,y 2, axes respeiiv ely

¥ Cortesion yechor fePreSen bation 1A in
Carbesian veckor Lrom Coan be weithen
s

—_—

A=Axi +Agi+ Az X

Q’Aﬂembe/r 'PL““& Ax/ Aj)Af} exAe
wonitucles, amel i, 4 afe dueerony

dimensions.

* Magnitude of a Cartesian Vector:

‘r

\
i

From blue triangle, A = (A"2 + A;2)05
From grey triangle, A" = (A2 + A,?)05
Hence, A = (A2 + A2+ A2)05

i.e. the magnitude of A is equal to the positive square
root of the sum of the squares of its components.

be speaif-'eog uging £wO otwgles
nameky , a brargyexse cangleB)
a.nll an _azimuth amd\e@

4-B$ a,PP\arvj Eﬂ%onomdyy to
' the f:ﬂhb blue % iy Hoiagles,
we a(sd-,

fccoro{ma(’:c d.:teetton andles : -

* Cartesian Vectors. Used to simplify the solving of problems in three |
dimensions.

* Coordinate Direction Angles:

Ay A,

cosa=— cosf=— cosy=—"
' A 7 i

These numbers are known as the direction
cosines of A.

S Hak Ax = A cniX " A3= Acos.? . Az Acenls

X / E/ ¢ = ccoraltm&e A:rea-?on anﬁ]o&
Cosx, cosP, cos & = direekion cosines

yectorA

-
M—‘l——#——i—-&é—a—*—&—k
L A A A A
unil vecter ¢
of A

M,m‘hﬂ'c oPA

Up: will have magnitude of one and be dimenssions
Prou;olea? A s divided by its magniluele

| Up= cosx i + £ K

%

coPx +cos’ Becos L1 | i bob ween e veckr
h G positive x-aucish
Yhe same for By

K:ULA XA‘ ‘

A=Acosa ¢ +AcosBy + Acost x

& Negubive x —ouxis Ny Ueckar Nin Tusiy - 151

S50
®-180-60=120°
Sott Xz )120°

< £0°

¥ T camsverse § azimutn Angles : Sometime

vve direetton o€ A can be

So thel

B=AsinbcosOi + A cos@ceosi+A cos B K

A= (AR PeY




26 Addibion oF ortevan vesbors

if we penk te dwge, it inko Jiregbion

CO%Nne a.ngles_z

i bi ¥ + { w T

imp lified ; veekto e ex n

COSD(_:E- = 254

terms of fheir cortegian  compon enbs.

100

L&M@M B=Bx¢ 4835 +BzK

then 3-6‘_ 3‘6%‘-—*)
R=A+B =(Ax+Bx)c ~ (A3+By; +(Ae+Be) K
o tl the genered Form. ¥z cos ‘(“ ()
Q0
FR=2F: €5 + E.fjé +£ ek Examplg 2.9)

Two forces act on the hook shown in Fig. 2-32a. Specify the magnitude
of F; and its coordinate direction angles of F; that the resultant force F,
Fp acts along the positive y axis and has a magnitude of 800 N.

#lmportant
Exumple 2.3 (} Pase 49)

fepresent veckor £ in the
coANtesdan ﬂm:-

3
F=100N

a{e‘ﬁcl. 5 ’
will be Vlgaa bive \A?ﬂa )
fore solving te H 3 - ,

these angles ceordivadke Hiceation

Ludt oF Ul in which mebod

we com Solve HLoy Quetion

we will use Jireekton corme

avele
U

2 nolice Huk e andle bebween £, Y 2 axisis 120

g=100
ardles or Lrurgverse Y.

0 it's component hsd Go be nesukive

£\ &was angles Jndr_cg\,buy 0.5

the seeond coe

So thedk

COS?=—FB’- ,f,xc('ogxx £,

we WManﬂlv 40 lmfl it ie not bebween

Mﬁwﬂ&gam& e o udle,a 30

= 30O XCOSYS

Fy=cosBrr, = 212320

= COSE0X 300

Y2 = 100 x %inéo

=86.6 M

=150 > to%@%a_ﬁs_fﬁs_—ﬁw

-150 AJ
S foc=fiarfay
0O O J

1= A2 t+150) —1S0K

now we il Woing Lo fnd £/ bo fnd
ExYea g00 =150« qu
S — SO —1S6
T - 1000880 fo 24: 6500
=5ON

Fx: BoO cosY5

if e resafbant force hus amaﬁm'\-u& only n Yo posii

daxis So L& x i) FR% =0
J

SO0 S £5=0D

fus-50¢ = abtve N (y< Fix +f2x=0
= 35.40 — 212 + ¥2x=0

Faxz-212 N
Co35ac-350; +26.4k § 2fz2-0
ifwe want 6o Lind e mlu”m:iwle Fiz+ f22=0
- 150+ Fy250
£ o\ (35.8) %+ (56,0 + BE.6)° o 22(S5O N
=100 so md golubion (s correct Co Ut

F2:(-212i + € 50 § + 150 XN

Yoz &0t F2g)*+(F.2)" XL 200N




So Fg: F00MN
bra-2120+450 3+ 150 )N

~212
§0 COSX = aa-

°

K= | O3
P =2.8°

¢s 22.6°

cos = 24

co%k= (59
Zod

An clastic rubber band is attached to points A and B as shown in
Fig. 2-37a. Determine its length and its direction measured from A

toward B.

B=(2 6+9~\'\+3)Om Iin ,.i'."
A=(t; +0j—3K)m e
80 ABs(-2-Dc+( 2-0);+ (3--L \/':“
So T -3L+2)+EKm

9.7 Posil:.‘or\ veeiors
+ Bed to Pormulebe a Corteson Foree vechor
dicecked behween two poinks in speze

£posibion veokor: kg magnitde —sm,mm , b
unct veckor — i), Kunitless
2 _.7¢

9%72, »

C\ )2;’D

803 ot Tl Dbl <5 hh @iciy fan J®
e g&sob’q:.&&
fa=Ua xF
() maasnduﬂezi
so it does nok ofPecb e Tp
but we cen nob Sery bt

rsF AF |
s becaste r hol umtb
[fb(examp)c m.\);_> - N-mswhich S Awrony
ﬁg:N
So we have to Find the umt yechor of
?é anik veelor (W)
5o it we wont bo Pl Cawhidh is AR

F=CB-ra= (xgi+ 3mi+ 2RO —(XA it YA+ BAK)

or |z (xp-%A)¢ +[6§—3A}\;1— (2e-2AK

B(xg, yp. 2p)

T = J(=3)* (2453
=F m
to Tl e diteetion & hewe to Linal ()

=3 . 2 -

KXo coS(Z)  K=153°
B=coS'(Z) 3=’

Zscos'($) 25 3)°
99 force veekor dixeoled olong a Line

+ Quite walen in_ three a(imérond stalbics problems, tle
diteskion of aForce is specified by two points throusl, which
its Tme of aehion patses

¥sueh a situation |S Shown in Ligwe ,where e
force (B) i olireptesd adong +he corl (AB)

Lwe can Lormulabe (£) ag a cocteston
Veetor (1) direekedl  £rom point A te poink B on
twe corel

#This common Jireerion is S‘PCC.\'fCe@Q bﬁ Yo, umit
vecker (u;-::;) Henee

Fofu-s(T)=f ((xs—xa).; +(48-9 P} +(28-24)x )
{ (xp-xay+ ¢ 4p- YA+ (%BW

sauby LISJ\ > &
;Poroé. ' g:ts o& La)
(0,0,0) ) o 7o
, r B POWW
=4 Hlgrs B (glsai
A Forcen grmannitle




924 Dot Pg:o:»@ud& (s caler P(e£4¢£ )= o jpie SUWIFL

scales o 50

xample 2\2 e
The roof is supported by cables as shown in the photo. If the cables
exert forces Fyp = 100N and Fye = 120N on the wall hook at A as

-shown in Fig. 2-40a, determine the resultant force acting at A. Express

¥+ Dot nr&l«bb useel 1o Final ol fe angle bekween two

the result as a Cartesian vector. lin gg ompon ents of a‘fg'ce ; ol
ALO, 0, 4) 7 A
8(4,0,0) e
c(y, 2, O) B.B= A.B.cosO {
/ [ >B

50 AB= (#-Di+(0-;+(0- whete A, B ovie tre vectors

ABs 4 ¢ +0j—4K A o ni 33 vegtor

= (4-0 2-0)y+ (oMK O is tre angle Belween them
Ac=4c+ RELYS :

Lws of operebion

UTB:{—L;MQ,-_Q:K)M

TAC b i+2§-uK)m

J_azmbx&le,_uw A.B= B.A
2. Mkt plicabion ot o Scaler (a(AR) =[aR).B=A.(aB)

2. Dishribubive Lo : A (R+ (A

5\'-3? =gé€

ABs{u% Y?

Cortesnun veokor Lormuwlokion

Ac =J16+946 =36 =¢

A.B= Ax Bx+ Ay By« Az Bz

Uppgs Uc Y, ) 27%.;5 s unitlzp
9-66 566

Ap?l;@éeong
Far= fag x wag fhe confle bebween two Tiwes
'/loox/Lh, —ux N\
~ 6 5 )’ O= c,os'/AB \ 0<O <185

-20.70 — 703K

Fag=(FoFc —F07A)N

= tle componenk oR avector

owuue( &mpg\o(-‘cadm” t+o

‘ch,s ferg Al

a'{;ng it

Aa=Acose- A.up
Uac=4 ¢ "'9-6 -4 KX =
6 6 Aa:Ac«.da
faes120 (B 42 i _4g Al =Agne
\ ¢ 3 5 7
Va . or -
= © 4 — 20K = 2 _ A& her s Acsx0 wa

o tl  Fhs Cagacac

fR = O.FK

Laws of Operation.

1. Commutative law: A-B =B-A

FR=150.7F( + 40§ —150.7K.

2. Multiplication by a scalar: a(A-B) = (¢A)-B = A-(aB)

3. Distributive law: A-(B+ D)= (A-*B) + (A-D)




TBA=£20 -2§+1X)m

Example (2.19)

TBAz yyusi={3=2

wewill assgume  (£4-5m) ,é:\)—) N)

The pipe in Fig. 2-46a 1s subjected to the force of F =80 Ib. Determine
the angle # between F and the pipe segment BA and the projection of
F along this segment.

PO o frec Veehkor > L

=

—

UBc= (Be - =2

4]
e ToY 13

Al p,1,0)

-1

c(2,0,0) 1 Lo chrage i& From onky maguhle tovackor Form
A.B: co ;—r-'-'go/:én-—-' K
== - GoT Mo/
(a)

YBR = (0-D)i+(1-3% + (D1 K.

cBC= (2 -2 40D +0——DK

FRa -URa= (-358 i,9523x). (=3 ., L x)
v \rlbd Y,B 7
=64N
BAz| ysur1 =la=3m FBC 2Dyl Boan pd)
Béz\/q.ﬂ =(B=3.)ém, -
BA nys 'va'u>§ fx\ﬂ’p
S2 now vhing
A.B= A B cosB A
O=cos'(A.B £ \'—'g,A; FgA. Uza
AR/ %
Osco' [ =L m0=42.4 0
N Sx3.d06/ SC
]
v
A.-B=(-2x0)+(=2x3)+( V2= WY con <l cojechton Nl g ) Jeekor
cO+6+ =7 unit veekor

S0 the angle is £=42.4°

YDR= Frcos®

= 20 *Cco3 2.4

=54 N

%9 1f 7 want bo Tmd EAB

AR Agcose 2B P gwbi e

FAB. Upg= FAB CosOu gp—>="
N~

 FpR.UAR = FARCOSE

Ly yectertd 2ih
PG G0 BA s
conpmussl

—
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fusz 80xc0330s525.98

Pundamental problems

Fyus 3oxCcOsHo= 21 .

2-1

—F2-1. Dectermine the magnitude of the resultant force
acting on the screw eye and its direction measured
—clockwise from the x axis.

ﬂ«eww,u'lk b@mﬁfgﬁ@:&

wmed (v)axie (s 2o

Y tre ople bebocen e

.ﬁmegl Veoovis (SYS

| KN
6 kN F2-1
- F2-5. The force F = 450 Ib acts on the frame. Resolve
2 g this force into components acting along members AB and
AC, and determine the magnitude of each component. FP'C'C
~ 3 7
£ fx= CosYS — Ex10 cos b0

Sfx=-15%5 € N

450 Ib

é%s — 230 $in4Ys— 6X.0° SN 60O

=-6L10.3F N

F2-§

fR-= 1(-1525.8)% (64)0.37)1—

fﬂc ; - ¥AB
R -6714 8 AJ) Gms  SnEe  wnos
’60‘-7\—' 66!0.3?) rm P q-;o;b

sme5 $in 30

A:=76.5°

/

fre:- ugo ¥$m 48

L n the -tLArcf A

N30

faes £36.24611b

50 tlk

foge & soIb

g - l90 +76 5\

§inlo5  6inze

Saps 15105 = Saps H63- 23 Zb

B -92%.5)

c—

aNnJo




25 2.\ F2-14. Express the force as a Cartesian vector.

2 F=3500N

——F2-6. If force Fis to have a component along the u axis of
F, = 6KkN, determine the mgpgnitude of F and the
~ magnitude of its component F, a ¢ the v axis.

F2-6 £ le is
Ca the a
sinl05 o find He auglg, befveen %ﬁrl‘S %o Tocce 3
6 w = & ces’ o + cos*B +cos® £ =1

£in(05 SIn36

(cos 60Y.* cosB + pos 60551
£z 3105235 N

lFCOSQB s/:
V4

fv= fu
Sinds sin(05 CcosBst_
EJL = 6 XID} rz
Sin¥s  §im05 F 5’(’.”?\
Fus P ASINYS g
sin10% B_—, \.,50
fv-4392.3043 N
Se M |
fx= 5OO X CcOs&0
2. 13 l':r-;‘l:‘ Determine its coordinate direction angles of the =250c N
Fs 5001 £O8 YS
'-’%53 554 A2 J

25500 * o< 60

=250 R/

Se ek e cortohan Jockor i<

J—

z Q¢ 3.334

£25-75T)h sinzo =-32.51Th

Fx.d—?51:b ycoso= {4 .96 2Th

Y= 64.952% Sinl5 = 45.431b

{3 s L4.962x% Cos?5-45.93CL

bgo tb e can uge His to Fonal -

P
e cS(15a) | Pucod (4693 ), Kz eol!(F)
N 35 7

/=£2.238°| , :Bch-l‘f ,x=|20




2 I { F2-16. Express the force as a Cartesian vector,

F=501b,

Q | g Determine the resultant force acting on the hook.

’ Fy = 500 Ib

F,=8001b

F2-18

Fixz Ol)Ib

fg= i :35351\1

fiy= 5oox 4 = 40O Ib

Fyye 5or coSa 3535 N

fys 35.35x-3 5-2).2)

Filz=500 x 35 =300k Ib

5

”~
£.=0© } 400y ~300 L )Th

%ﬁzs.sgx &S_ = 2383280

2= B001b

2.1%7

$02:2200 x $inYS 1

F2-17. Express the force as a Cartesian vector.

*T565.64

Fz,,ﬁ— 800 A COS NS ¥
- -545 6%

fay=-565.6% ycos2o

=224.84 ITb i

F’“‘é‘:’ — 565.64 a%n30

= .9282 .855

F2=750x gn¥s = 530.233 N

‘Fxs : 750 &c0s€5 = 530,23 N

n
fo= ~499i-282.854 — 565.61K

Fxs .33X (@]
=965 M

~
N

5 () n
—nR4&c +115;,- 265.96K

F]«) s 530.33% #inéo

= 464.2%

F=02655+ u5 5-» £3 X JN




F2-25. Determine the angle # between the force and

2- \ﬁ' Q ~2 the line AO.
F2-19. Express the position vector r 45 in Cartesian vector
form, then determine its magnitude and coordinate F=(~6§+9+ 3Kk kN|

direction angles.

A, : A:( \} _2/2 )
' 0:=(00,0

A3 .9,0) B-(3,¢4,3)
(Ao= (-1, 9 ,-2)m

(AB= (3-3) G+(e2+ ) je (0+D)K
1 rao) ‘:-jm:\(q\:_g
rﬂea:[—éo 16+ 3K §m

TAB=y 24 6%47° s
* (343649 upo =15 +%\'—_%.K
= 81
=4 (b0 +ay+3 8. %))
(‘(AS=-3_Q€<:+?\§J+§_&
) , \Flsj [ 26 = 1l.22414

(ABe2i- £+ kK -
UFz—0.53n522.4 0.8j+0.26F2% K

-l =1 /32 -1
Kecof(2)  Bresf'()  acol' () Y
- 9’605 Uf. wso
K=131.8°  B=48.14 £:70.53
-4
O:=572%
ﬂ F2-21. Express the force as a Cartesian vector. oy .U .Y e e e e e
A=z, 4,6)
- B=(4,5,0)
r Mu,\x Eii rAB‘: 4(;4- 10‘.—6)(.
B F2-29
F2-21 ICAB[SJ 1€+1436 453 s 7.2%
A:(2,0,2) B= (4,3, -v) UABs D.54T45 i +0.1393626 j— 082419
(BRs (4-20+(3 =0)j +(-u-2DL a8 =£A8 uAB
raB =Rc +3; ~EK5m TAR = 2428 O+ SH.ans0u - 324. £724.
(€PB )=+ acss
=J yq VAo = 06—‘+0*£K UAOs O

=% mn
uﬂ&%a*%—\;—%’dm (taol=lices€ =(52 =7.20) =9 /T
p—
Fprgy = £ ¥ Uno
=(211.78 kO )+ (69.4451-0.55) + (—'32‘\.5?2;(-0.332 )

Tfm\,‘ =-30.4FF+274.282:=243 81 ~234 n

—
-FAB: £AR .uAB
;5;0;&(% c-r%d f%K,)
=180c+270;— 5 u0k




2. So F2-30. Determine the components of the force acting 'lTO ftd f 0(: {
T ]

parallel and perpendicular to the axis of the pole.
£1:-F-Fy
=

fslsoce+ 2sap1+ 511 K

/ Fy=247.80c+297.4 [ + 188.F%
F=6001b/ | )

4 FLz(150-29%.4)o+(254.81- 2971 ;4 (514- 148 )X
ALe L e . n
“2%’\‘\4 Fls-)143-4 37.546 +320.3X
n —
T aw’ Fpecz (] 42.9)% (.59 (370.2)*

) =%00.4\ zx401L)

0(0,00)

Alr4, 4, 2)

_ YoA G4y, 2)

\roal=J 1€+ 1€+4 =38 =¢

UDAz=Y ¢ + U ; 4 2 K
73 v R

22U 42 ol ;'
3 3d g

now vo fmd £ com ponenks

F=600L b

25 800 XKcos30s5)4.615T)

Fx.é.— 800 4cog60 =300 1h

£x= 200X cosé0s |501h

f\d, 200 k¥inéos 254.81 2b

A -
fs(.LSOcﬂ- 28431 + £14 K)1b

bo Lucell  the parllel  component

—
Fy=l & uaﬂ).—(-;oA-\J

bo Lol e ”‘:5"“'“ bo Frudd the parectlel Lovee

)= 100 +132.4 + 133.2= 444\ 1b

then Hly mn-gvﬂgle/ of/orce Habs is Ioaluﬂd to oA s~

150 l= uag)

to fined Hy vector

Fue=u461. L%, 2.2

£z 24788+ 299.0 | +198.FK




2-3. If the magnitude of the resultant force is to be 9 kN

sulta )
SZ . 5 directed along the positive x axis, determine the magnitude o

force T acting on the eyebolt and its angle 6.

#2-1. 1f6 = 30° and T = 6 kN, determine the magnitude

“of the resultant force acting on the eyebolt and its direction

-measured clockwise from the positive x axis.

Tx=T. cos® . rR,:‘leOg-» X0
= 6x10° A0S0 5146. (5 gro”N
o/, J—_Kq =0
Tn-.—T_ %m,a:éxlossmzonooo 30 ;.’12 ﬁxtozu-o.
FR,%.— (&)
to mate swre T%_ 810 ysin Y550
T4=£6£56.35 N
T= T 4Ty
. [ (511627 4 C2000>" 2 £00ON FRx= 40
Txs B2(0° 208 Y5 = 41105
S50 oumr andpwer s Corred Tx=2342.)5
to fud the ouple. e il e T T2 = (5456850 (32u3.15)"
o -y /3909
- tan (—1\ ‘oan'(m:z) =30 T-65t0.83
/ - .85
S0 O=36 eabavf' 1/565‘6 ) 51.4.2°
bub e lugtion needs the gﬂ(z CcW
ﬁ[,,_us 350'30:'%30.:' % s s “t&h%le_@b% Twwﬁ_x_m
6=1%0-6"= 30.633
9.2 Bz 30. 533
— 2-2, If 6 = 60° and T = 5 kN, determine the magnitude
__ofthe resultant force acting on the eyebolt and its direction 2.7
measured clockwise from the positive x axis.
“d S
0 2-7. If Fy = 2KkN and the resultant force acts along the
s o = g ¥t : L E
:F'x 50 1cos6 2500 N /7 positive u axis. determine the magnitude of the resultant ——
Y =55 N 60 = 4330120 force and the angle 0.
['l-.°
O)
: :\J :JC-P ;d = 5 ,ua?’/\}
B 2o (£2301%) = 40°

the @ajg CIs 360- 60 :Ieoo° I




*2-8. If the resultant force is required to act along the
positive u axis and have a magnitude of 5 kN, determine the

2.9

92.10

required magnitude of Fg and its direction 6.

2-10. Determine the angle of @ for connecting member A

|10 the plate so that the resultant force of F, and Fg is
directed horizontally to the right. Also, what is the magnitude
|—of the resultant force?

e resultond force vecbed  horizoptellyio

HS

the righb => So FRY=O

3
Fhe= SO KOS 22=4330.13 )

fﬂ,.d =0
Figssxuﬁx SN30=2500 N FM—ngso
Shy=<ey O because it 1s dliteeted +o Ha

then  FRyiFAx= FRX

CRM 61{£sz coSH4o = .4 546. 2 0 Vbﬂ’wﬂd@ J-ouns

FBx + 3X(0°= $330.13 N 5 Fax=333013— 3000

Bx ©1330.18

So FAys 4546 .27

Y Ry +FAy= iy

40 Linel e onfle o ppusts Ll Fax

r83+ O= 2500

fa-= ZJNO3

go uhitng the e«;.udrbhx

fay- 454627

f-‘zj - 2500

CA = sxto3 ycoSO

£8x=1330. I3

4596.27 = X0 X oSO

then

-
-

£8=4(sRy) +(rgx\2

—( 4—5«62?
O cos ( v

=2 s00)*+330.13)* -‘233) 83 N

L‘U’ 7

O =64 .35 s we Lk O

U the ongle oF FE S

o L the mwﬂw»’(-wat oFf4he requisont Force:-

O = ban'( 2L S \-m" T
- FR 5 Carafix— becavte it is divecled o ¢
6% 62 B 2 'PQ‘J-‘-\'\N_ X @l

ls from x axS
So 1T we wemb (:off&fm Mle bebween uaxis

| fR= BUCASINGH .33 4 L XSIN 4o

ond Yo Fg foree

FR= (0404.57/

62.%_2039°




2.13

fRx= 450

©2-13. The device is used for surgical replacement of the
knee joint. If the force acting along the leg is 360 N,

SAxy £Bx= 450

determine its components along the x' and y axes.

FA .cosC20)x /~FAalo2u2)\ yeoe® = 2Co
Swvn e J

SA (04337 _ 0.2u82FA cotEB®s4c0

fa (o.qgﬂ -0.23%2 wse\ = 4Go

Y-

to T Fb mn He @ngle muth beo

&sﬂa
X' pesrpendicler oy’ FA (0.434F- O) = 450
Eo s mems tlat e ovgle Lebween x’Xx»'g:o° ©0.4347FFA=q¢0

the amghe bhedwogn x’and tre Foce 60+105 FO

FA=1010.96

?x/z 260x cos 70 = |23.13 N

Wow wRiwsy His te fuak £g

FR=—€A(0.232)

£y’ = 360xwn#0 =338.24 N

e nad

2-19. The truck is to be towed using two ropes. If the
2 l‘l resultant force is to be 950 N, directed along the positive x

FB10 10.468 (p.242)

axis. determine the magnitudes of forces F, and Fyg acting
on each rope and the angle 6 of Fy so that the magnitude of
Fy is a minimum. F 4 acts at 20° from the x axis as shown.

(\

y

FR= -34574822

la te naqdqblve S Lor He neqobive Siceckion

fR=450¢

Fﬂ,gs FA~3+ FBYs

fA,\\J: FA Xsin20

=0.842 FA

Fgé = F845n

So ol OU2FA+EBSNO.0

fR<=-FA(©-3u2)

s d




2.2 9.94

2-22. If & = 30°, F; = 5kN, and the resultant force is to

“be directed along the positive y axis, determine the *2-24. If the resultant force Fg is directed along a
magnitude of the resultant force if F, is to be a minimum. line measured 75° clockwise from the positive x axis and
" Also, what is F and the angle 67 the magnitude of F; is to be a minimum, determine the

magnitudes of Fg and F; and the angle # = 90°.

l ’/F.»

F; = 4kN

ﬁx:SxLéXﬁiY\ 30= 2500 N
g\%:.SX\OS XC2S 30 = 4326,127F pJ

to feb 52 be pin it het to be Jres pesdiey
SF s Sirealal alony positive o-ouxis Lo He requ temk Poree
se Hak
2€x=0 320 -25 s \S
Fix+Fax =0

2500— £9gin@= o we Con Fivd] e teud vant B 1,5,

f2= 9500 —
R £/= | 42452
to minimize Fa  we hawe Lo quob the weakimun yelwe =Jlé+254' |/‘H = 6.4 AN
By sinO [ He maximum  valwe when @ =40
so ©s40, $ivio:=1 Lend/ = ";é
 F2-9500 =5 f2-2600u
S Mao XM= bﬂm'/—f—>
rl-q.:.f:g.l f,fRI-l
\) 0\ J (]
4330.127+ Fay =FRy FRYS 4330, 127 (=513

420\ 0O =Ry DD
.ge,al,rdﬁ sl ok e oafle i§ G520 Fa: £403 M . cos (154 5).30)=2569. 5FN
peboraen A oxis Giie Towe 60 it ts Fully FR=6803% .n( 154513 D=524 L. 3N

dieeted Yo xars so te Gyso




2-30. Three chains act on the bracket such that they create¥

a resultant force having a magnitude of 500 Ib. If two of the
chains are subjected to known forces, as shown, determine

the angle # of the third chain measured clockwise from the
positive x axis, so that the magnitude of force F in this chain

is a minimum. All forces lie in the x-y plane. What is the

magnitude of F? Hinr: First find the resultant of the two
known forces. Force F acts in this direction.

2-59. Determine the coordinate angle y for F; and then
express ecach force acting on the bracket as a Cartesian
vector.

*2-60. Determine the magnitude and coordinate direction
angles of the resultant force acting on the bracket.

F,=450N

Cos¥4B+ cofo+ cos?s st

Fa, ——J @00%) +C360Y—2(200)(30d) cos L0

C°S?'5 =L
L+

R, - 260525 Th ¥ &

%3560° ®

%‘ ooth
Snl30+80) . :in (&)

cos % s;"gf-c-; &< 120° -

200 9 64. 635 T~

MlgaLH& resultont —Poree

sin( 20+9) s 200% WnbD

4-125 450x:n 4S

264 .5%5 R

=3%.2 N

cn(204805 0.664654% o~ Fmu,

£) Xy = 4 50X CosMS

£r \

n\l\ol.f 3‘8-2 A)

30 x8s 40.4

£ 3531321 cos0

.—‘;O

=S = 27554%
& =(0.4° Flr2218-2 2 Wn3o
=154,)
Fo-rreF fa-600N
Loo=264.535+§ fozz 600X Coe 120
fs 235u25T) =-200N

rzx = L\—u‘zébﬁ

Fays B00xcns 6O

=3200A

fo:= (ron.264 +200)- 30N

$1= (sa\l 1+275.563+318:28 ) 0

FR=F +%

- 583349: +575.56%]+12.2R




12-61. Express cach force acting on the pipe assembly in
“artesian vector form.

62, Determine the magnitude and direction of the

‘esultant force acting on the pipe assembly.

= 400 Ib

*2-64. The force F acts on the bracket within the octant
shown. If the magnitudes of the x and z components of F

are F, = 300N and F. = 600 N, respectively, and g = 60°,

dctcrminc the magnitude of F and its y component. Also,

find the coordinate direction angles a and y.

Probs. 2-63/64

F s\), Ex)?+ €92~ (Fr)’

§={ Goa?+ (LD’ s EooF

£is@80 Lr 0§ + 360K)Tb

£ 2 i(ﬂ\\)z-\-L\-Sco?) -
A\ ¢ /

to f.u",,z 2

2x. QAS0000

£a
J

N

=

costh 4 cout PrcméRsq

N

(Cos120)?+cos R X + (Cos60)sL

FAc L yeoSEo=0.5 F

O
o)L
cos Rtk = B sexg _‘% = Bsus, v £ (0.55)° 1 g socoe

Bz128«

£2. 0.25Ft +uSsooco

2235 LOOXC®S 120

0.75¢% = u S0

Foz2s2001h

£2 x S 400 *cos 60

. 6 Boocoo

=200 1%

fans nooxCcosSyYs

;:.?7-4-5%660

=2%82.3463% Ihb

r:(,c 774.546 LA CSSé0

\
F2:(00 ¢ + 232.8835 —200K) L b

= = 23329 N

to fW\-bQ £Rr

K:ccs-‘(:'&:r__>= csog! (’-—_ﬂ_gf_oo \,

—f(zs(ﬁ-\-«?z: 630c+ 282.D U%; +15°"<>I]9

++4.6

K= ns
FR) <l 30)*+c282.28)" usaF
¥Ye cos (&) rcs_\(iofo \
fR<153.64% Th A, 2543k R
&3 3 X= 34.22°

e cos ( 75.@) = 25,54

o\
282. &
?sC;DSl o3 ) c£3. 452

% Cogl —16—9—\ . +2-#43

\ 7’95.6‘4}




~#2-65. The two forces Fy and F> acting at A have a | ohDgost WypcqusOtm g

resultant force of Fy = {—100k}Ib. Determine the | B =cog! (12:-233¢y ~ - -
magnitude and coordinate direction angles of F». ! - €639
2-66. Determine the coordinate direction angles of the B=106.88° 2 |07°
_force F; and indicate them on the figure.
_ gz ot (222)
€63 ~

Zs5153.586° 20 | WY

2-66

te fuuﬂ ‘z;mnﬂﬁvwée Sireckton ow(jlex

. n
| ug—,"cossm( CoIROLY Qos%og‘nloj ~swSo Kk

UFZO.E566F+ 0 22134 —~ 0.7 K

X cos (O.BB667) = w=r122.826 2124°

\ =€01b -
- o
A 2= 80 X]INSO Bzws‘(O-B.z]zﬂ) = RBs#l 2529 A 7.3
H2=-15.4£470
| =7 o % o ) >
- ° g.Cco<'(~0.786) = x:- 129996 = 140
=38 6% XD

EX;KS.SS-*TX Cos RO
= - 3b

.'Ci‘s\l\‘: 23.SELF A <5nR0O
=)2.2235 b

o

n

-23 LLL-&-\‘L')%%‘;Q'\ —45 . 46K

fR= £+ F)

0i + ‘93,' — (00 K= (—gg.u-‘-ﬁx\b +( \%2235-»&3\,5
> (-45.4¢K + £2 )

O=-233.L+TX Os \A.2923%5+ 21
Cox=223.4%) ﬁ\\\,-.-——\‘\ 23261\,

—10Q = =415 .4+
fz?-_ =-5k.0 L\-\:_\-s

. ~N

fo ¥2=3]_.n-N23355 —H.o4K
‘\

|52) =) 3002 (19.2835) ~ (56 08)

[Fo]s £6.34 x é6.21b
tofh varke W ton  awples

s

4/ 33%3.4 Y
¥=cog ﬁ)éxssm#ﬂé
\ ©6.59 “~




2-72

*2-72. If the resultant force acting on the hook is
Fg { =200 + 800§ + 150k} Ib.determine the magnitude
and coordinate direction angles of F

£ 2
( M -
- Y '-.
o . »
e 30" >
- ~
>y
F 60 Ib

S:\ 2:.—6(70x 2
=360

F]Xd s 6oO0or 4
s
= %30
Fxs 430X $n 30
=240
Fiys & Boxces 30
=y)5 . 692

[2Y
1= 2400 + '*\'\%»6‘12\'!-360 K

FR=-200:+200j +\SOK

Rz Fi++ 4
—2000+ 8006 150K = (2304« Fax) L+

C%(5.642 +F24) 5+ (~3604 =B K
-266 +533 1 Lo
22510

-200=z 2404 Fox

415 .6 R LT 300
';;x«:. -4y

:’-.,3 s doo—-ulsé2

Fay= 3L 3L Ty

o5 —H40C 42BU-B) 4 BIOK

|52 = \)(- 440)°+¢3 3.3\ G to)2

§2-7725.5Tb | Breod'( “’“‘)
o(zco:-\<;_'—"|-_;;—.oé 3360.30
gyo
«: L 22:,2. 58067—4 s coS ===
s 48.83°
Y410

273

2-78. If the resultant force acting on the bracket is directed
along the positive y axis, determine the magnitude of the
resultant force and the coor
that B < 90

rdinate direction angles of F so

|

F1z22—69004%n 30
=300
Fiys fooxcos 30
=514, 6151h
Fixz 519.41S 2 @in3o
=254.84b
;f.assm.é\ch_osso
=449.949s 500
H= 00+ Seyg 40k

YR= A5
oo + FR/AU"* Ohs (259.8 +F cotr) 4 (Soo+Fcosk)
+ Boo+ et 2)

0= 2583.83+% cosx

fcogs —254.3
fx =—264.3

—300+Fcog &=0
Fcos ¥ 52300
£z s300

= \) Cret C~§ -\-G-"a_)‘a

Sococ \] (—28a.3)%+ rjz + (_?oo)z

(500)3((“57%6 -H?JZ

250000 =

15FU 44 -\-F‘*
250l = £y
fas30u.10 o &r F304.194Th
(e 5T VAP g g &
'&6 -fu‘»ul QOOfaD*Mbe oﬁcreu(r\on c»n.-\jlq
& @S_‘(Q——Z;q's) =S Xs 12)305"
560

Bz cad (B, B =52 £39°

gzcos'(32=-) =g .52 .)3°

So00



FR:F'!‘:\

FR=Fc254.8(+ 450%-3 00X
-259.86 +30H181] 4300k

fRs 0y 7681840k

2.84

*2-84. Determine the coo
and Fy

rdinate direction angles of F,

foff-'\ X:@é\(%‘) =) n(sg{-87°

B= cos(oys= P=ao®
2scof (£) = gs52 43°

Fofr FR
UFR = cos¥S Tin3ol Coshibeot Ayt Sin g K
U3 0.2B8SS ¢ a (I Jr =X

= @

NSQQQ\CO.%‘SZ»QSB = Xs49.3°
.E:.COS“( &>% gSQQ g 240

23008 (5 )= €45 °

Az( o, 0,4)
Bs(3,-3 2.5
C=<2) L\J o 3

o—
YAB= (3 ,-3,-).5) »m
YAc =(2, 4, =) M

|rA\3/:J 21440.9)% - 4.5 m
\rac)z] g 41616 = 6 m

3¢-3 LB ¥
y.5 y.g

4.

UTARS

o

u _ 2
YAc: i+ gy~ &K

—
AR CRAUYTAR
= 600X [ 2 (- -l
é <q.;o =4 V\')

.—.(qooc - LBooy— 20 oK)'jl\:

—_——
FAcz Fexuac ;
Sac= * SOk (']3“:"'7'-3‘(5‘%‘%)

FAacs éSOf'* Sog; - SOOR\ fe

FR= FAR+ FAC
GO0, — 300y —200 K +25p. +500; ~S00K

FR:- ¢ s0O +100 —F0o K

| ER) 5 & s0)t+ ( 10O+ Fo)

FR=ag0. 0636 1)

CA—X‘BS 7l 55.0
X = cos ( oS (Doar
£ =074
=1
ccod [40 w) = B8y

S
Ko oS 22 ) > be12628 & 137

140.4%




2-40

2-141

2-90. Determine the magnitude and coordinate direction
‘angles of the resultant force.

ALO,2,4)

BCo,0 0 )

c(4,%,0 )

2-91. Determine the magnitude and coordinate direction
angles of the resultant force acting at A.

(AB= 0c—25-aK

3ph ( yQ1)

CAC= 4 465 —uk

2-94. 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.

lmg,l:\]o+t++lc Voo s 4.U?

(¢ acly] 6s26+16 = 8.286

o 2 -4 K

aAR" [ —
4q.u# g.q7 VU 4.47
. n
UAR3O; — 0 44U 0,348 K
Upcz= H#H ¢+ £ - Y p
B4 82960 3.2u¢

urc =0 .48 o+ 0-’7'2766_ 0.485 K

[aR-EABx uAR

= 600%X(-0.442%{~0 $9u9%)

= —26%-3-)'4'); 538.8 K

— -
FAc = Facluapc

= Soor(0.4850+0.7236;~ o . ¥B5K)

=282.56+3638;— 242.5K

— — =
fR= FaR + FAacC

“263 . 445~ 538. 8K +2082. 50 % 3L B~ 24250

FRE 2U2.5¢ 4—”(5.36.0‘_78).2 K

[Fa)=

|,g‘,",1| c,L.Q—V' <)
= e D




2.95

—2-95. Express force F as a Cartesian vector; then
_determine its coordinate direction angles.

A

101t

*2-96. 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 a. 8. y of
20m, y

the resultant force. Take x ISm

e
%

DA sovealol J1 1k DI

Q- 97

AR,

AS 1O co570 $¢n 396 10 Cos 720 coszoo%-(o FNFER

| respectively, express cach of these forces in Cartesian

#2-97. The door is held opened by means of two chains If
the tension in ABand CD is F, = 300N and F = 250N,

vector form

R5—1.7)L+2.‘i526‘+4-3‘\? K

R=(5,7.0)

&S 50—70'+OK

so (ABs(6F1v -4.462 § + 9BAFK)m

\ cag ) =y (6.31)% (-a.26 )%+ (a.2a%)°

1T ARz 15 .25 F6

LAB= 6 .%)

+—%.962 ~ 4247
\S.2¢ \8.2¢5

15.25

A CO,-2.3, ».75)
B L20,a\

D(-0.5,0,0)

UAR= 044 - 0.453264~0.6161672 1K IS c(-2.5,-2.3,0.%%)
Aa:’\.‘lii CAR= Oc+23] ~oF5K
K523 0.U8 = (363838 A =-0.3 CD=z 20 +2.3/— 075K

SHMTN Yo\ G SxaR1n

=\
Pocos 0.68326 = Bs 120.73°

\

~12)°

'_ﬁoY pom,fc

L. Ccosro.6161%6 . x<128.0334

CTx=—-2.9

C:\)-: Ag=—-2.2
et S A2 SO-25




2.1)2

2.100

#2-112. Determine the projected component of the force

— ap = (2-01HO-64+3-0k _ 2

*2-100. Two cables are used to secure the overhang boom
— in position and support the 1500-N load. If the resultant
force is directed along the boom from point A towards O,
— determine the values of x and z for the coordinates of point
C and the magnitude of the resultant force. Set
= 2400 N

Fg = 1610N and F,

1S0ON

7I-%j¢;t
B Y-2-0)+(0-6)* +(3-0)

— we = o Lo 0HO-6)i+ Ok x

F 45 = 560 N acting along cable AC. Express the result as a
Cartesian vector.

6 z

' 1+
T Jx-02+0-62+:-07 P+:2436 fxi+:2436

— Fp -F,-,-|su(-§|-%g+%k)=Fm-laaopmm

k
2422436

A (0,3 0)

R (5,0, 1)

c(.-5,0, )

B Fc =Fuc = s Tt =
d2+:2436 J.lz+:z+36' 42432436

14 400

= 2400 i Jj+ 2400:
I’+:z+36 ]x’+:z+36 ]x2+:2+36

Since the resultant force Fg is directed along the negative y axis, and the load
is directed along the zaxis, these two forces can be written as

Fg =-Fgj and W =[-1500k] N
Resultant Force:

Fp=Fg +Fc +W
2400x 1

g

2400x
~Fgj= —460 fi—
— [Jx’+:’+36 }[ 2422436

_r,,=(m-1m;+m)+[v=_2=:|- e
+T "+ +37+

La) +1300],u[m+

€(3,0,2)n

CAR= —-1.6¢ "’36' +1K

rac= 1.5¢ "'3\} +3K

| fag)zy (-15)%+ (-*+1 = 3.6

ICAC)=w-5) % (43 = 4.5

_ Equating the . § and k components, (,(AB:-—); s G e_\.iK_
o= [‘==’zm:x 2400 }w(:x =460 o 8% 8.5 8.5
— +:°+36 +:°436
_ | -r.=<{r2l:‘t'=:1§-+|sm} Fr= ,2?:';0,36”3” ) uA&—_ O.L\-z 85‘?.(, . 0_8 51!436 +O'285? K.
_ | o=m+ﬁ=“-|sm z"':: i o
— mvi&ngsq(lzb;:,—a).m , u acc= | 5(; -3 -+ IK
_ Substitting Eq. (4 into Eq. (1), and solving 4.5 4.5 4y, S
:=2197m=220m Ans. . c
Mty = 35T W B 0, el S UAc=- 0-33¢v —-O '666} +0.666 K
Substituting x = LMt e KT Eq. (2), yields

Fg =3591.85N =3.59kN

faR=FAR xupB

560 % (0.4285%¢-0.35F143)+0.235m)

- R .
Fap =-240i—-4805 x 1o K

(Fag)Aac s FAR. Upe

C-Q.#oé- Yooy +|60K->' (JS‘(,-—- = I+X K }

~830 1320 L 1046.66

= 346.68F MV

te express it o8 Codbevian yeekor

(FAR) Acs(Eag)ac AuUAC

-Z 375K

346 .667x (2

A4

= (I5 5 - 2311\ j+21.\



2. 113

2.115

2-115
Determine the magnitudes of the components of Py

*2-113.
56 N acting along and perpendicular to line AO

force F

A (-)5,3. 1)
DcCo.o0.2D

Cc (o, o,\)

OLo, 0,0)

R (o, 2, 4)
CAD= & —3j+1K
CAo = I1.5¢-3¢-1K

(¢ AD| :J(l.s)2+ 324\¢ = 3.5

<

A 2 N
3.5

UADs O.- 42853 0 - 0 . 3CH -+ 0.28S5HI1 K
ero):\ELs_\z-\-('S)zJ«\" s 3.5

UAOs O.42857 ¢ —0.35%1j -0.2857K

—
For aupap = 662(0.0285F 085028678

—
F oo —uBi+16x
N, veahol 3 Lo &l
cactesian coordinubey (3

C f/\o)?umﬂ.& s§. upo

2
-

(22 c—ud5+16K) -(Bc-£5-2 x)

(_?2 X Z‘!)-\-(—‘\-g ?‘—?5>+ (I€X~_;2_)

285F + &1 -\W28 53+ -4.5714 3
-4¢6.851\22
~46.4 0

10.

e
2

o) perpend :J £ 25 ac)puratel

=\l 66 )° ~ cac.

of the

. Determine the magnitudes of the components of
h00 N acting along and perpendicular to segment DE

pipe assembly

A (0,0,0)

{S(O/ 2)0)
Cc(2,2,-2)
D(%¥,2,-2)
£(u, 5-2

\('EB'-‘- — Y -'3(')—\-2&

('ED = OL—3§ +ok

(CeR) | b+a+4 = 5380

(-ED S\‘“\ 53 = u'gs)s'%!') 59
<
UgRs ZH e+ =2 -+ 2 K
5.38¢

5.3 g.336
UEBs -0.2423 0 — 0.6571(+ 03714 K
2 V.
FEB z feprt“4gp
= E00X (—0.7Y428c-0.557;+0.3 74K
[4us. 63c-334.26 j+222. U K
(Feppar = £eB xded
Gus.6%. —336.26 j+222.34K) (-0)

O +RU-26; +O= .2
=N

Fep pers | £2- S:pm:LLeQ

Feppers\(600)% -Q3W)?

Fep peic Ya8. 04157 UV
RIS W)

—20-6 N



W 3w J=

2 Ut

Unit Vectors: The unit vectors u zp and u g~ must be determined first. From Fig. a,

app =t - (2-D+O-2)+A5-0k _ 4, 3,

*2-117. Two forces act on the hook. Determine the
magnitude of the projection of F; along F;.

"D J2-22+0-2%+15-02% > 3

A A e U =001

LY o

rC J(4-2)2 +(0-2)2 +(0- 0)2

Thus, the force vector F is given by

F=Fapp= 8({—%j+%k)= [-64j+48k N

Vector Dot Product: The magnitude of the projected component of F along line BC is

Fpe = F-upe = (-64 j+48k)-(0.7071i - 0.7071j)

=(0)(0.7071) + (—=64)(—0.7071) + 480)
=4525=452N

X Fy = |120i + 90§

SOK|N

The component of Fg- can be expressed in Cartesian vector form as

Fac(20i+30f~BoR) N

Fac = Fpe (u g )= 45.25(0.7071i - 0.7071j)
={32i-32j}N

Fle 600xco% 120+ 660 x ok 6o + 6606 xcomisy

B4

Fiz -300c+ 300§ + U2%.26 K

U = CoSI20C0 + CoOS 95 + COSYS K

a:.‘:—g_g.»_\.:-;—‘_ X

z\ ' N

( Fa >,._—‘ = faxd g

20¢490{—RO0K) X (-~ ;) ¢

— 60+ 45+ _ 5E.663¢

2-119. The clamp is used on a jig. If the vertical force
acting on the bolt is F = [~500k] N, determine the

magnitudes of its components Fy and F; which act along the
OA axis and perpendicular to it.

40 mm

¥
20 mm
-

40 mm

F=[-500k}N

Unit Vector : The unit vector along OA axis is

= —2Z| .cc 3¢

(0~20)i+(0~40)j+(0-40)k ) P P |
Yo = -

IO

-ci-2j-ck
(0-20)2+(0-40)*+(0-40)* 3 773

£ \ S ‘-‘?l

Projected Component of F Along OA Axis :

tle YM"A\A;{JE _—,\;Dc .S685[

<
\
Q ) !

=2l .57Fwn

i =F o = (<5000 (~3i- 313k

2?21 .6 N

-o(3)e0(con(3)

=33333N=333N Ans

Component of F Perpendicular to OA Axis : Since the magnitude of

2_13

force F is F= 500 N so that

K = yFi-Fi = /00338 = 313N

Ans

2-118. Determine the projection of force F = 80N along - . ~ 5 ®
line BC. Express the result as a Cartesian vector.

RNl Wigdy 5§

RCIEGHE o W\ s

(FCD Mased




2-121

2-12+%

2-127. Determine the angle 6 between the two cables

#2-121. Determine the magnitude of the projected
component of force F 4 acting along the z axis.

attached to the post.

-

f:”
€.

Unit Vector: The unit vector a4~ must be determined first. From Fig a,

_| -,,C.IL.I__J—('“'”‘"’“‘“‘“’“"" 2O 30K - 0.158114.0.2739) - 0.9487k
A J(125in30° -0)? + (12008 30°~0)% +(0- 36)°

_.
Ozcot (us. e,

T Thus, the force vector F - is given by
Fpc = Fpcu,c = 600{0.15811+0.2739 - 0.9487K) = {94.871 + 16432 - S6921K)N

o

128

Vector Dot Product: The projected component of Fjy along the 2 axis is
(Fc )z =Fype k= (94871416432 - 569.21k) k

==5691b

Al
#2-128. A force of F = 80N is applied to the handle of

the wrench. Determine the angle # between the tail of the

~ The negative sign indicates that (F - ), is directed towards the negative = axis. Thus

— (Fic);=5691b Ans.

2123

 2-123. Determine the magnitudes of the components of

—force F = 400 N acting parallel and perpendicular to — |

—segment BC of the pipe assembly.

force and the handle AB.

O] Wik veefor N g W 6

CEY Ul oan P XSV X-SNY VPPN

.

9

124 /)’

[ attached to the pipe.

2-134. D ine the angle 6 by the two cables ,/ W% Sm
(v




3.2 The Free-Body Diagram

* Free Body Diagram (FBD) is: A drawing that shows
the particle with all the forces that act on it,we hase S4ppPr

£ Springs. If a linearly elastic spring (or cord) of L\bd\ L
undeformed length lo is used to support a

aplpifa-a aforce on  Hus part-‘cie

particle, the length of the spring will change in

&)=

= 6“6&.’18\0.£ :\Qy\ AL

I

= RO fotebiON =D Hlye> WY\ oy \a

direct proportion to the force F acting on it.

* Its elasticity is defined by k: spring constant or
stiffness.

F=ks,
where s: deformation distance

T 7
ol L mads ’\m

=1I-l

chpt & ; &(J 'j 2

it s Us force SHW € /TP

¥ free body  Dicsrom
~ N T

=L og,)?;
—brars]abion . i solabe e body ’ﬁ_vam Hs gw_wowml--‘ms
,go‘ ~7 ~ . ~.
“rotabion= M = (nomMD\.ou-J 2L #¥ \A%) o (AW B 4 Qyuls Ue S\ Sl
oG\ G40 Tah S Sl

Jgguslfbr:um:

coded

in gtabics: €qulibrium in  glabicd mesn  tlod

S50 | He pocticle is not moviny (ab fest)

cole?2

in amics . equilibt n mic ean  SFso
$o fe particle {S moviwy in cConglunt speed

(moving & conttant  yelocky)

//.Sbr;v%
I [4)

Fem.a = when aa=o0  Hus 9(\)4{4-9& IS under

f-' ( fnal lenﬂth ) ’inﬂ"‘...,ﬂl 2 Q,L_l]

egm‘m b6 twm

&‘ f; “::n h‘;q

Lo- ¥ Qs

Efsb-c_)bwo will yge #ig +o Fomdl:-

FRy=0 (| Distances S : B2  Frvablonyli 3 31, ol Qb 532D
FK»\(\ 50 | 2.lenthg L>  shetchiny e .
fR2 =0 /3. amgla
T 4. Porces 85 e felabion bebueen(S)R(F) is dlitest proporttonst

we call Weie ggg&{-c‘o'ts ot g;ui!libn'un

3.1 Condition for the Equilibrium of a Particle

= *

___* Aparticle is said to be in;equilibrium if it remains at rest if originally at rest, or has a
constant velocity if originally in motion.

_%_MCO_’%&M‘;@ hove $orina
L)

7 ) Lo &
— * To maintain equilibrium, it is necessary to satisfy Newton’s first law of motion, — £ R 'ém

which requires the resultant force acting on a particle to be equal to zero. :
— s C e :

YF: vector sum of all : i : S=%XrF-%o
_ the forces acting on o— T O— F {54
the particle. _—ﬁv 'f e = ’ .
* In addition, Newton’s first law is satisfied: ) £ < : Sy
— a: the particle’s :
[ YF=ma=0,hencea=0 I acceleration H Hon
— ] e — ‘
—t; v
Se f o fo




3.2 The Free-Body Diagram | ¥ Example 3.) e (33)

Free Body Diagram (FBD) is: A drawing that shows
the particle with all the forces that act on it.

* Cables and Pulleys. Unless otherwise stated, all
cables (or cords) will be assumed to have negligible
weight and they cannot stretch. Also, a cable can
support only a tension or “pulling” force.

* Tensile force is constant to keep the cable in
equilibrium.

* Pulley is frictionless. = &)LI::Y\ Voo

— The sphere in Fig. 3-3a4 has a mass of 6 kg and is supported as shown. —
| Drawa free-body diagram of the sphere, the cord CE,and the knotat C.

2. C&bl% QM Pﬂ %&_ '.—((L.s)

[s(rensile))

%

(g
o

\/

2 Smootr Ceonback

* Smooth Contact. If an object rests on a smooth surface, then the surface will ,é
_——

exert a force on the object that is normal to the surface at the point of contact.

J\
m \ f{e/e bocg-c_\‘ cok'&\q)wm for Ve
sp\We.

: VAT EN

/Nn \I B A \NB

T
g% AN
2 LN T (foree of Hnot athing on the Cowdl
30°
[ad
(’\ Frickion 2 iey jou
Jeo? = Fee bodn dioyrm For
7 \Jm,ué 0
. 3.3 Coplanar Force Systems £ He C
—*» When a particle is subjected to a system F,
of coplanar forces: F, A4
* each force can be resolved into its i e
and j components. N ce ("fOfOe, oﬁ S?Me' w‘\"ﬂ on corel C&\
* these forces must sum to produce a
zero force resultant for equilibrium
N SF=0 3F, =0 | Fs F, R A (Sorce of cord cRA ge;l-uus on ){nob)

SFi+2Fj=10 SF, =0

3.4 Three-Dimensional Force Systems

gons >
b

(%Mc oFf Sptiugy ab(-rmn on¥e

* In the case of a three-dimensional force
system, we can resolve the forces into
their respective i, j, k components:

[ sFi+Fj+Fx=0

* To satisfy this, we require:

SF, =0
F, =0

Knot)
£
fe E
(foree of cord CE : t

SF, =0 H




(ExampLE (2

Determine the required length of cord AC in Fig. 3-8a so that the 8-kg

lamp can be suspended in the position shown. The undeformed length
of spring AB is I’y = 0.4m, and the spring has a stiffness o‘)
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4.1Moment of a Force— Scalar Formulation

* Moment: tendency of a body to rotate by force

f.'ml He moments curounol 'Pomko

application.

* F:force, d: moment arm. The larger the F or the
longer the d the more the tendency for rotation.
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* When line of action of F intersects O (@ is zero),

moment is zero.
Mz B8 M=50x0.35
= = 372.5 N.m cw
=3F N.m

4.1Moment of a Force— Scalar Formulation

Moment axis
2\
O

* The moment Mo about point O, or about an axis
passing through O and perpendicular to the
plane, is a vector quantity since it has a specified
magnitude and direction.

.

Magnitude. The magnitude of M, is (@  Semseof rotation

My, = Fd

* Direction: defined by right hand rule.
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4.1Moment of a Force— Scalar Formulation

F,

Ms s.d

* Resultant moment: for two-dimensional problems /{
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(Mg)o can be determined by finding the algebraic sum M | M,
. | W
of the moments caused by all the forces in the system. ]~
1o x
dy/n,

=-929.28 TbF+

* As a convention, we will consider positive moments
as counterclockwise since they are directed along

the positive z axis (out of the page). Clockwise
moments will be negative.

C+Mp), = 2Fd;  (Mp), = Fid, — Fyd, + Fyd; |
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Example .3

example 4.l

Determine the moment produced by the force F in Fig. 4-14a about

point O. Express the result as a Cartesian vector.

| sl

0(0,0,0)

B (4, 12,0)

A(0,0N2)

VAR (i +12; —12KIm

Two forces act on the rod shown in Fig. 4-154. Determine the —
resultant moment they create about the flange at O. Express the result
as a Cartesian vector.
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4-19. The 70-N ‘force acts on the end of the pipe at B.

¥ moment o+ melc

Determine the angles 6 (0° = 6 =< 180°) of the force that
will prod i and mini about point

A.What are the magnitudes of these moments?
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4-19. The 70-N-force acts on the end of the pipe at B.
Determine the angles 6 (0° < 6 < 180°) of the force that
will produce maximum and minimum moments about point

‘A.What are the magnitudes of these moments?
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F4-24. Determine the couple moment acting on the pipe
assembly and express the result as a Cartesian vector.
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Replace the force and couple system acting on the member in Fig. 4-384
by an equivalent resultant force and couple moment acting at point O.
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4-117. Replace the loading acting on the beam by a single
resultant force. Specify where the force acts, measured

fromend A.
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Fexample 12.|

The car in Fig. 12-2 moves in a straight line such that for a short time
its velocity is defined by v = (31> + 2t) ft/s, where ¢ is in seconds.
Determine its position and acceleration when ¢t = 3s. When ¢ = 0,
s = 0.
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}E muplt, 2.5

— A particle moves along a horizontal path with a velocity of S S .FCC)
v = (3t — 61) m/s, where ¢ is the time in seconds. If it is initially

] located at the origin O, determine the distance traveled in 3.5 s,and the Uz d&
particle’s average velocity and average speed during the time interval. olE
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During a test a rocket travels upward at 75 m/s, and when it is 40 m
from the ground its engine fails. Determine the maximum height sg
reached by the rocket and its speed just before it hits the ground.
While in motion the rocket is subjected to a constant downward
acceleration of 9.81 m/s> due to gravity. Neglect the effect of air

resistance.
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*12-52. A mbtorcycle starts from rest at s = 0 and travels
along a straight road with the speed shown by the v graph.
Determine the total distance the motorcycle travels until it
stops when ¢ = 15 s. Also plot the a-f and s-1 graphs.
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F12-1. [Initially, the car travels along a straight road with a
speed of 35 m/s. If the brakes are applied and the speed of
the car is reduced to 10 m/s in 15 s, determine the constant
deceleration of the car.
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F12-3. A particle travels along a straight line with a velocity
of v = (4t — 3¢*) m/s, where ¢ is in seconds. Determine the
position of the particle whens = 4s.s = 0 whent = 0.
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F12-4. A particle travels along a straight line with a speed
v = (0.5 — 8) m/s, where ¢ is in seconds. Determine the
acceleration of the particle whent = 2.
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F12-5. The position of the particle is given by
s = (2t — 8 + 6) m, where ¢ is in seconds. Determine the
time when the velocity of the particle is zero, and the total
distance traveled by the particle whent = 3 s.
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F12-6. .z\ particle travels along a slraighl.linc with an L ] N ] ]
acceleration of a = (10 — 0.2s) m/s*, where s is measured in 12-8. A particle travels along a straight line with a
Ifnclcrs. Determine the velocity of the particle when s = 10 m velocity of v = (20 — 0.05s%) m/s, where s is in meters.
ifv =S5m/sats = 0. Determine the acceleration of the particle at s = 15 m.
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F12-7. A particle moves along a straight line such that its
acceleration is a = (462 — 2) m/s?, where ¢ is in seconds.
When ¢ = 0, the particle is located 2 m to the left of the
origin, and when ¢t = 2 s, it is 20 m to the left of the origin.
Determine the position of the particle when ¢ = 4 s.
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F12-9. The particle travels along a straight track such that
its position is described by the s—¢ graph. Construct the v—¢ 28
graph for the same time interval.
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—_— \ — F12-11. A bicycle travels along a straight road where its
6 3 LO velocity is described by the v—s graph. Construct the a—s
graph for the same time interval.
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F12-10. A van travels along a straight road with a velocity
described by the graph. Construct the s—t and a—¢ graphs
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F12-12. The sports car travels along a straight road such F12-13. The dragster starts from rest and has an
| thatits position is described by the graph. Construct the v—¢ acceleration described by the graph. Construct the v—¢
— and a—t graphs for the time interval 0 =t = 10s. graph for the time interval 0 <t < ', where ¢’ is the time
. s(m) for the car to come to rest.
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®12-5. A particle is moving along a straight line with the
acceleration a = (12¢ — 3tY?)ft/s?, where ¢ is in seconds.
Determine the velocity and the position of the particle as a
function of time. When ¢t = 0,v = 0 and s = 15ft.

12-11. A particle travels along a straight line with a velocity
v= (12 - 3t2) m/s, where ¢ is in seconds. When ¢ = 1 s, the
particle is located 10 m to the left of the origin. Determine
the acceleration when ¢t = 4 s, the displacement from ¢ = 0
to + = 10 s, and the distance the particle travels during this
time period.
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12-10. Car A starts from rest at t = 0 and travels along a
straight road with a constant acceleration of 6 ft/s* until it
reaches a speed of 80 ft/s. Afterwards it maintains this
speed. Also, when ¢ = 0, car B located 6000 ft down the
road is traveling towards A at a constant speed of 60 ft/s.
Determine the distance traveled by car A when they pass
each other.
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*12-12. A sphere is fired downwards into a medium with
an initial speed of 27 m/s. If it experiences a deceleration of
a = (—6t) m/s*, where ¢ is in seconds, determine the
distance traveled before it stops.
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*12-13. A particle travels along a straight line such
that in 2 s it moves from an initial position s, = +0.5 m to
a position sz = —1.5 m. Then in another 4 s it moves from

the particle’s average
the 6-s time interval.
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12-22. A particle moving along a straight line is subjected
to a deceleration a = (—2v°) m/s?,
has a velocity ¥ = 8 m/s and a position s = 10 m when
t = 0, determine its velocity and position when t = 4 s.
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12-23. A particle is moving along a straight line such that

its acceleration is defined as a = (—2v) m/s?, where v is in |
meters per second. If v = 20m/s when s = 0 and ¢t = 0,
determine the particle’s position, velocity, and acceleration |

[
o — 8 as functions of time.
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*12-24. A particle starts from rest and travels along a
straight line with an acceleration a = (30 — 0.20) ft/s’,
where v is in ft/s. Determine the time when the velocity of

the particle is v = 30 ft/s.
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*12-33. A motorcycle starts from rest at ¢ = 0 and travels
along a straight road with a constant acceleration of 6 ft/s
until it reaches a speed of 50 ft/s. Afterwards it maintains
this speed. Also, when ¢t = 0, a car located 6000 ft down the
road is traveling toward the motorcycle at a constant speed
of 30 ft/s. Determine the time and the distance traveled by
the motorcycle when they pass each other.
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12-43. A two-stage missile is fired vertically from rest with
the acceleration shown. In 15 s the first stage A burns out
and the second stage B ignites. Plot the v—¢ and s—¢ graphs
which describe the two-stage motion of the missile for

J0=1¢t=20s.
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12-46. A train starts from station A and for the first
kilometer, it travels with a uniform acceleration. Then, for
the next two kilometers, it travels with a uniform speed.
Finally, the train decelerates uniformly for another
kilometer before coming to rest at station B. If the time for
the whole journey is six minutes, draw the v—¢ graph and
determine the maximum speed of the train.

*12-49. A particle travels along a curve defined by the
equation s = (£ — 312 + 2t) m. where ¢ is in seconds. Draw
the s — ¢, v —t, and a — ¢ graphs for the particle for
U=r=3s.
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12-47. The particle travels along a straight line with the
velocity described by the graph. Construct the a—s graph.
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TABLE 5-1 CENTROID LOCATIONS FOR A FEW COMMON LINE SEGMENTS AND AREAS

Circular arc
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TABLE 5-2 CENTROID LOCATIONS FOR A FEW COMMON VOLUMES

Rectangular parallelepiped Rectangular tetrahedron
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