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{ri tlris k-sson ri'e irLtroclucecl the uectctr Ttroclu,ct or d'o,!,s Ttroduct of hvo vectors.
l-In thc Ibll,ru-irrg problenis, vou nta)/ u,nnt to use the vector product to compute
the rrutnwnt of o Jorce abottt a ytoint a:ncl also to cleterrnine the petltertdiatlrLr
cl.i,stance fronr a point to ir line .

We clelined the rnornent of the fbrce F about the point O o{'a rigid bocly as

Mr_,:rxF (3.11)

u,liere r is the position vector-frrrnl O tn rLny Ttoirrt ort the line of action of F. Since
the vector procluct is not cortrrtrutatlve, it is absolutell' neccssiLrl, rvhen cornputing
sucli a procluct th:rt 1ou plrrce the r.ectors in the proper order and th:rt c:rch vcctor
Iiar.'e tlie correct sense. Thc rnoriient NI.1 is irnportant because its rnagnitr-rclc is a
rncasnre of the tenclencv ol thc forcc F tcl cause tlie ligicl bocl1, to rotilte about an
:i-xis dirercted along NI11.

1. e*rnp*tlmg ?l'le rvrorx*:r:* Me *$ qx foree in *w* dln:*r'rsiclns, You can use olre
of the fbllou.ing procedurcs:

e" Use Eq. (3.12), l13: Fcl , u,hich i--rprcssr--s the uragnitucle of the mornent
as the prodnct olthe rnagnitude o{'F ancl the perytetrclir:ulor distanr:e d. fron O tct
the line of action of F [Stimple Prob. 3.1].

b, Erprc,ss r ancl F in conrponent fbrrn ancl fornialll'evaluate the r.,ectcir prod-
uct M61 : r x F fSample Prob. 3.2].

{. Resolve F into cornponents respectively partrl}el ancl perpendicular to the
position vcctor r. Onlv the perlencliculrrr cclrnporrent contributes to the rnon-icnt
of F fSarnpler I'rob. 3.3].

el" Use Eq. (3.22), L[o: lI,: rF,, - !1F,. When apph.ing this method, the
siriiplcst approach is to trcat tlie scalar components o{'r ancl F as positive and then
to itssign, bv obsen.:rtion, thc proper sign to the rnorricnt produced b-v each fbrce
cornponcnt. For erarnplc, apph,ilg ths rrethocl to solr-e Sarnple Prob. 3.2, rve
observe that both force compcxrents tencl to produce a cloclor,.ise rotation about ts.

Tlrerefbre, thc rnorrient of ench lbrce about B should bc reprcsernted by a negative
scalar. \\''e then have fbr the total rroment

IIB : - (0.16 m)(400 N) - (0.20 m)(693 N) : -202 .6 N . nr

?" eom6rufing the mi$rn$m? $rts *$ * $aree F in thr*a eiimrer:sions, Following the
rnethod o{' Sirrnple Prob. 3.4, thc first step in the process is to sclc.ct the niost
conve--nient (simplest) position vectcir r. You shoulcl ncrt erpress F in terrns of its
rectangular corllponents. The final step ls to evnluate the vector product r X F to
cleterniine thr-- rrtoment. In rnost three-clirnensional problerns ]rou will lilrd it easiest
to calculrrte the vector product using a deten't.rinant.

3. l}efermi*ring the p*rpendieul*r dislsmes d $ro;r'r n point A t* o giw*n lin*"
First irssrune that a force F of knou,n rnagnitude F lies rrlong the given lirie. Nert
cletennine its morncnt about A b), fbrliing the vector product M.r : r X F, and
calculirte this proclrct as inclicatecl abor..e. Then con'rpute its rnaguitucle n1-1. Finallv,
substitute thc values of'F and n.1,1 into the equation trL : Fd ancl solye fbr d.
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1,1 \ 90-N lorce is applied to tlie control rocl ttB as shorvtt. Knowirig
tlrrrt the k:usth of the rod is 225 mrn ancl that a - 25o. tlc'ternriutr

the lrornent of ther fil:ce about poitt B bv resolr'{ng ther {brce inttr
lior'lzontal ancl r-ertictrl conrponents.

3,2 \ 90-N lirrce is applied to the control rocl A.ll as shorur. Knou'ing
that the length of the rod is 225 mm ancl that a: 25'. detertnine

tLe tloltrr:rtt of the force about point B b1' resolring the forct: into
components alorig AB ancl iri tr direrction perperclicultrr to AB.

i 3 \ 90-N force is applied to thc control rocl 1B as shou'n. Knos'itlg
tliirt the length ol the rod is 225 n-rm ancl that the nornent of tl're
tirlcc trbout B is l3.5 N rtt cloclalise. deterrnilt: the villue of a.

i,4 -\ crate ol rnass 80 kg is hr:lcl in the position shou'r. Deterrnirle
a) the rrroment proclucecl bv the u'eight W of the crate nbout E'
b) the snrtrllest {orcc'rrppliecl at B tirat creates a rnotlent oleqtral

m:rgnituclc ancl opposite sense alrout E.

3,5 \ crate of ruass 80 kg is helcl in the posititin slrou'n. Detennine
a) the nonrent procluced bl tlie ri'eight W of thc crate about E.

,1r) tlrr: srnalierst lbrce trpplied t'rt A tliat creates il 1l1o1nent of eclral

ltaqnitucle ancl opposite sense al)out E, (c) the rn:rgnihrcie, senser,

and point of npplicatiol on the llottorn of tl're crrrte of the snlallerst

r-ertical force that crcates a Iltolllellt of etlutil nlagnitude arrcl opptl-

site sense about E.

3.6 \ 300-N lbrce P is appliecl at poiDt A of the bell cralk shou'u.

ia) Oompute thr: rnoment of the force P aborrt O b-v reso]r'ing it
into horizont:rl :uic1 r'ertical componetlts. (b) Usirig the result of
part a, clertcrniine thc perpetclicular clistancr: frorn O to the line ol
trcrtion of P.
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Fig. P3.1, P3.2, qnd P3.3

0.6 m 0.ti m
A
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Fig. P3.4 ond P3.5
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Fig. P3.6 ond P3.7

3.7 A ,tr00-N lirrce P is applieci at point A of ther bell cranl< shonn.
(a) Conrpute the nrcntent olt the lirrce P irborrt O br resolring lt
into cornponcnts along litre OA ancl itr a direc'tiorr petpencliclrlnr to
th:rt line. (b) Deterrnine the rnagnitucle ancl clirection o1 tlie snrallest

fbrce Q .rpplied at B that Las the salle 1tro1]lerlt as P about O.
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92 Rigid Bodies: Equivolent Systems o[ Forces $,& tt is hrourr that a r.erlical lbrce of 200 N is required to rerno\.e tfie

Iraril at C frrxrr the botrld. As the uail first starts n]oring, cleterrnine

(a) the ilrornent about B olther force ercrtetl oD the [ail. (L) thc, nrag-

nitucle of the {orce P that crcates the sat'uc' rnolnellt about .B if a :
10.. (c) the su]iillc:st lbrce P thirt creates thr: satre rrxrmettt about B,

.3.S cxrd 3,?& It is l<no$,lr t]rut the connectiDg rodAB erxerts oD the

crank BC a 2.5-kN ltrrcer clirectecl dou.]] ant'l to the krli i'Llong tlier

celterline of AB. Deterrni[c the rnornent of the lbrcc about c.
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3.3 ! A $inch pullerr AB is rrsc:cl to straigirten :r f'enc'e post. Knorvinq that

the te[siin iD cable BC] is 1040 N nnd lengtli d is 1.90 rn, cicter-

ruine the lnoillerlt :rbout D ol the firrce erertccl b\' the cable at C

br,- resolt.ilg thlt fbrcr: lnto h.rizoltal aucl r'ertic:rl cornponents

applied (a) at point C, (b) at point E.

&.?2 It ls kilorin that a force r\ith a rnoilrelt of 960 N' rn:ibout D is

rec|rir.ecl to straightcn the fence pOst CD.I{ d : 2.E0 rn. clctermine

the tension that must be clevelopecl itr th. cabk: of u'inc]r priller
AB to creatr: tht: reqrrirecl lllolllcrnt about point D'

$"X$ tt is kno\r,[ thirt a lbrct: uith ir rnollrc:nt o1 960 N ' il about D is

rcquirccl tr stririqlttel tlre {L:nce post C,'D. If tlie capacitl' of $iilch
puiler .{B is 240b N. cletennint: ihe rtrinirrrrrrn r.alue ol cllsttrnce r/

io crt::rte tlie specific'tl tllortlerrt :rbout poirlt D'
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3, f .€ A rlLrchanlc rlscs il piec(' ol PiPe rlB tts a ler.er u'licn tiglitening an

trlternator bc'lt. \\'hen he prtshes doul at A, a lbrce ol 4E5 N ls

erertecl ol the alternatol nt B. De'tt:rtnine the rnotrlent o{ that folce

irbout bolt Cl il its lile ol-actior passes tlirouqh O.

Problems 93

I20 mrn

90 rnn-t

72 nirrr

A 65--
Fig. P3.14

J.l$ Fonn thc v-'ctor plodrrcts B x C atrcl B' X C, s'hele B - B', antl
use tlie lesrrlts obtaincd to prove tLe iclentitr'

sinac'osB - j siti @ + B) + | sin la - B)

a C

(/ B

3,1* T1x: \'L'ctol's P ancl Q aic hvo acliact:nt sicles o1 a ptrrtrlkrlogral'r'
Dr:tcnrrine thi'trea of tlxr partrllelograrrt nlren (a)P : 7i + 3i
3kanclQ:2i + 2j + 5k,(L)P:6i -;i 2kzrlclQ: -2i +
;jk

B

3"3f A planc. contains thr: rectors A attd B. Detenttine the rrriit r-ec'tor

norrlal to the planc rl'lrel A tlntl B are equal to. respectivc'1r', (a) i *
2:i - ;k trld ,li - 7j 5k, (.,) 3i rlj + 2k and -2i + 6j '1k.

tig. P3.15

3,3* A linc passes through the points (20 rn. 16 lr) ancl ( 1 lr, -'tr nr).

Dertermlne the perrpcnclit'u]ar clistalce 11 {l'orrr the line to the crligln
O o{ tlx' s\.stenr ol ctot'clilates.

'?.3S I)eterrniler the ntortent tborit the origil O of thc lbrce F : 4i -
3j + 5k that :rcts at a point r\. Asstttne tliirt thc position rcctot' ol
Ais (a) r - 2i * 3j - 4k. (b)r : -8i + 6i - f0k. (r') r - 8i
6i + 5k.

90

IIITII

r60 IIIIII B

3"?!{3 Deternrlle t}re rnorlent about the origil O of thc lbrce F : +
,lj ,1k tlint acts at a point,'\. Asstrrrte that the position vector ol-,{
is (a)r: rli - 6j + 5k, (b)r - i - aj 2k. (c)r:'1i + 6j flk.

120 rlm

D

5.3? The u.ire AIi is stretcix-'d behveetr tlx: cot'ners A ald .L of ir be'rrt

plate. Knou'irrg thrrt tht' tr:nslou irr the wire is '1.'15 N. cleterrnlne
the rnonrerut ahout O ol thc lbr:ce erertt:cl ln' tire u'ire (a) on
cor'IlLrr ,\, (bi orr cotrier E.
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tig. P3,21
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94 Rigid Bodies: Equivolent Systems of Forces

1,2 rn

A

B

ll.I rn

&.XX A srnall boat hanqs frotn tu'o davits. on(:r of lr{rich is shou'l in t:
fiqurc.. Tire tension in lile ABAD is 369 N. l)eterrr-rine the mome:

:rbout C of the rr:sultarrt lbrce R1 exertecl on the dtwit at A.

S.?3 A 2-r'n-long {is}ling rocl AB is securell' anchored in t}re sand of a beac-

Alier a fish takr:s the bait. the rcsulting lorce in thr: line is 30 \
Dt:termine the rrltunr:lt about A ol the force exertecl bt'the lile at I

Fig. P3.23

S.Xr& A precast concrete u'all section is temporarllt'ireld bv tu'o cables r,'

shou,n. Klou.ilrg that the ti:trsion in cabk: llD is 900 N, dt-'terrnine

the nrornunt about point O of tlie lorce exerterl bt' the citble at I

tJ

I

a

tig. P3,22

v
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Fig. P3.24

3.?5 A 200-N force is appliecl its sltou,n to the brackt:t AllC. Detelrniue
the rnornc'nt of the force about A.
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3'3s The 6-, boo, AB h.s , fixc,d encl A. A stee] cabie is strr:tchecl
[r.n'r tlr. f.ee .,cl B of thc: boor, to a p.int (] locrzrtecl on the 'crti-cal u,all. If thr: tenslon in the cablc is 2.5 kN. detennine the
rntxnerrt about A of the ftrr-ce exertecl bv tlie cable. at B.

Problems 95

v
C1m

tIt

A

z

6m B

I
Fig. P3.26

3"?7 Irr Prob. 3.2 1, rleterrni,e tlx-. perpenclic,lar dist,nce 1rorn print O
to.u,ire AE.

3.2& in Prob. 3.21, clcterrriirie the perp.,clic*1ar clist.r'rce fror, point 13

to u.ire AE.

3,?S In Prob. 3.22. cletermine thc perpr:nclic:ular clist.nce lrorr point C'
to portion AD.of the linr: ABAD.

3-3s In Prob. 3.23, dete,,i,e .the perpendic,l.r clista,ce {i-or.r poir-rt A
to :r line dlaurr throtigh points B and C.

3"31 In Prob. 3.23, cleternrine the perpenclic,ltrr dist.nce fror, potit D
to a line rlrau.rr through points B nnd C.

3's* In Prob. 11.24, cletermire the pcrpe,tlic,l.r distarrce fr.m poi,t o
to cable BD.

3.33 In Prob. 3.24, d.te,nire thc perpenclicrrl.r dist:rnce fror, poi,t c
to cable BD.

@ A garclerier u.ishes to
tlie {ounclation of a

conncct a wate]' srrpplr.pipe frorn point C' or-r

3O-nr-krlg gr-eenlrouse to a u.ater rnirin thilt
;A ancl B. Detcrnrinc (a) the r-iilue olrL uirich
ol srrpplr-pipe neeckrcl. (b) the krnsth of pipt:

passes through
minimizes the
needed.

points
length
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IO IN
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L 22 rn

Fig. P3.34
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