A3 A de F7HA p.83

[Rigid Bodies: Equivalent Systems of Forces]

73 A [rigid body] :
&

19] Wl E [moment]  (

<9 [couple] (
Ay -6 F7H (

3.1 93 RHE [Forces and Moments]

3.1A €383} Y& [External and Internal Forces] p.85
FA ] et 38 B F
9]¥ [external forces] : & EAZFH #= #F&H, (
o, 19 3.1 (a) EF #&3= I=
(b) EZo A{FEAE
o] Bgo] olFol A kg u SF =

W& [internal forces] : T4 8452 AdA)7]= &, (
o, A XA [particle system]
E# 2~ [truss]

geEel g xf =

3.1B AEA 9 ¥3 [Principle of Transmissibility]: p.86
57+4 [Equivalent Forces]
AEAde e (1 24): (29 3.2)
A sk Mol 283t 3 FE A9 Wake] ATk 2 Ao &= 3 F'=E gAsxe

S 7F=4 [equivalent forces] : Aol tlgte] &2 a3& z2e + ¢ p.86
w772 WE | slldmg vector] (2.1B4)
d. E¥E A 11& = EfS (29 3.3)
3.1C & ¥H<¢ ¥WHF [Vector Products] p.87

o.
e Psh Qo) MEF V=P xQ
(cf. 3.2A4 F WE 27487 P-Q =

1. 98 Ve 284 Pt Q5 Eet= Wl 34 (1% 3.5a)

2. ¥El Ve 77] : V=

3. WE Vel vk LEE WA Y5 d&. (1% 3.5b)
W E] 3 [vector product] = T Z2~F[cross product] = €4 [outer product]

W H o] YA & QXP-=

wHl R F o] AR PX@Q+ Q) =CxQ)+ P XQ)

AdH Aol dYstA & P XQ XS+Px(@QXS)
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3.1D HEHF9 FAZAAHE [Rectangular Components of Vector Products] p.89

9 W E o] WE] (cf. ©Fe¥E o] ~7bels)
ixi =0, ixj =0, kxk =
ixj =k, >k =1, kxi = (2% 3.8a)
ixk = -j, jxi = -k, kxj = (¥ 3.8b)

V=P xQ=Wi+ Pj+ Pk xX(Qi~+ Qi+ QK
=(PyQZ_PzQy)i+(PzQz_Psz)j+(Pny_Psz)k=

3.1E Ao &3} 3] =HE [Moment of a Force about a Point] p.90
Ao 3 A Ao AEE= 3 F (¥ 3.10a)
N1EH" 08 AS ol= Wg

1l
)
i

>

F‘\

A ool A3 Fo] EHE Mo =r X F r

o— 4
3.1CH = F 9¥ r3} Fo ¥ F P Q
1. ZHE Moo #e4e rip FE £¢sh= W (29 3.10a)
2. RHE My e (F3e) 228 W o8 95 (¥ 3.10b)
3. EWE Mo9 A7|= My, = r (Fsinf) = F (r sinf) = Fd
o] 1 3 F7F Mowake] nA Sl &3] ZAE @9
Aol ¥ (g2 13) = F= |, M= p.92
22 EA| [Problems Involving Only Two Dimensions] p.92
1. E9E Moo #8442 22+ wof
2. BHE Moo Wake AAE[cw] (O TE dhA A [cew; counterclockwise] ())
= (29 3.12)
d A 3.1 A [lever]el] 2H&g3st= I3 ZHE p.95
o <AF 3.3> p.100
2] CA oA Ke w] flE ]Hc}'aé} 3 200 No] Hgsir), o] o]y & w, (a) X
of b A= de] HBol B3 ZWE (b)) a7F 10°9 A5, & RHEZ wt== 3 pe A7,
(c) ABd ¥ 2 ZHEE vl=&= -4/\ 3] PE T8l /
F, =200 N, d; = 100 mm, d, = 450 mm, g = 70° M: oy -
S; known Fg, dy, dy, B = P
A; (@) My = = (0.100 m)(200 N) = d
2

(b) @ = 10°, ~ =90° - g = 90° - 70° = 20°
0 =+ a=20°+ 10° = 30°
My 20.0N - m )

My, = = P = — _ =
B dy cost (0.450 m) cos30

M, 20.0 N -
MB = = Pmin = d—ZB = %Ornrn = 44.44 N = Pmin =

R; T;
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3.1F 3¢ RHES AP
[Rectangular Components of the Moments of a Forcel
Varignon®] A 2] [Varignon's Theorem]
YR Zgete o T FHo EHE (19 3.13)
= o 39

r X Fi+ Fo+ )= XF)+ @ XTFy +

e e
r=zi+ yj+ zk F=F i+ F,j+ F. k (¥ 3.14)
Mo =r X F
=@i+yji+ 2k X (F, i+ F, j+ F Kk
=WF, -zF)i+ GF, -azF)i+ (@F, -yF)k
= i+ i+ k
A Al AgskE 3 Fo A Bell #3 RHE (1% 3.15)
rap =ta—15=(zy —2zp) i+ (yy —yp) i+t (24 — 25k
Mg =

A A 3.4 A2 HFA[rectangular plate]S "iek Z[wirelol] 93 ZHE

o <AF 3.23>
200 N o] 133} Fo] Bzl ABCO 7helixivh. 1 o] Adl
Fo=200N, 6 =30°

S; known F¢, 0, unknown M, = M;
Aj rom =
F(; =
= —(200 N) cos30° j + (200 N) sin30° k 5
= -173.21j + 100.00 k (N)

MA =
= [0.060 i + 0.075j (m)] < [-173.21 j + 100.00 k (N)]
= [(0.075)>(100.00)] i + [-0.060>(100.00)] j
+ [0.060%(-173.21)] k (N -m)
= 7.500 i - 6.000 j - 10.393 k (N-m)
= M/\ =

RG] B4
T2 3te] ojn]);

_16_
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22 EA| [Problems Involving Only Two Dimensions] p.94
z = F =

r=zi+ yij F=F i+ F,j (29 3.16)
Mo=rXF=(@i+ yj)xX(F i+ ij)

=@F, -yF)k

xz

A Ad #g3t= 3 Fol A Boll #st BdE (19 3.17)
tap = Typ it Yap
Mg =rtap X F=(zypi+ yapi) < F i+ Fj)

=@y Fy, ~yap F)k

dA 3.2 B [bracket]o] Zgsl= 3o =l

ul
o

3e)
o

oA 3.3 M @l [lever] #ol 2Hgdtes 3o muE p.97
o <A% 3.14> p.102
AZA B-[connecting rod] AB7} A=A BCo| 2.5 kN 3L ABWEo =R olg 9% o7 7}3Ht},
Aol B3 3o RHUES 3o} A
Fy = 2,500 N
S; known Fg = d ¢ol #3 mdlE M;

Al wpe=-0042 m, yye = -0.056 m /
rre = -0.042 i — 0.056 j (m) ;

zpy = —0.042 m, yg, = —(0.056 + 0.088) m = -0.144 m /

ra = V0(0.042m)*+(0.144m)’> = 0.150 m
FB.T = = _700 N

_ —0144m _ _
Fp, = (2500 N) 7=t = -2,400 N

Fg = -700 1 - 2,400 j (N)

Mc =

= [-0.042 1 - 0.056 j (m)] X [-7001i - 2,400 j (N)]

= [(-0.042)(-2,400) - (-0.056)(-700)] k (N-m) = 61.60 (N-m) k
=> M =

R; 912198 ro] 34 LE?

2
oy
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3.2 o A3 d9o EWHE [Moment of a Force about an Axis]

3.2A 2Z+g}F [Scalar Products] p.105
o, (¥ 3.19(b))
T 9E P9 Qo 27y P.Q = (14 3.18)
(cf. 3.1CH F HE #HHy P X Q)

2ZFebF [scalar product] = S [dot product] = W& [inner product]

-~

sghg el 43 Q-P=
Ll A o] Y3 P-(Q+ Q) =F-Q)+ P-Q)
AggHe 289 = oo P-Q-S
AZL B p.105
wolE o] 7o cf. @eIWEl S MEF (3.1DA)
i-1=1, j-] =1, k-k =
i-i=0, i-k=20 k-i=

P.Q=(Pi+ Pj+ Pk -(Qi+ Qi+ Qk

P-QolW,P.P=P2+ PP+ P2 =

28 [applications] p.106
1. 7 9WE7} o] F & 7}
PQcosh =P.Q = cosf = (19 3.19(b))
P,Q, + P’ Q’ + P, Q,
PQcosd =P Q + P Q, + P Q. = cosf = ;Qy
2. WE o] Fof
P, = P cosf (19 3.19(a))
POL = P )\ )\ : (—1% 319(C))
=(P,i+ Pj+ Pk -(cosb, i+ cosf,j+ cosf, k)
o <AHF 3.38> p.114
Al 7Ne] =o] B Hfr] Aol A= Aok & ADS ABVF olF & AEE Fshoidt
Yy
Ip/a = A
rpja = V(=14m)*+(—48m)* = 50 m
I'p/a =
rpa = VA6m)?+(—48m)*+(12m)* = 52 m )
tom - tom = [-14 1 - 48§ (]-[161 - 48 j + 12 k (m)] b
= (-14)(16) + (-48)* + 0 (m? = 2,080 (m? Ip/a
_ _2.080m  _
cosf = 50m)(52 m) 0.800 D o
0 = = = g = z
z B

_18_



3.2B &3 3% % [Mixed Triple Products] p.106
d,
A HE P Q, SY 353 S-P XQ (¥ 3.20(a))

V=PXQ=(P,Q -P.Qli+(P.Q -P, Q)N+ (P,Q - P QX (31CH)

S.V =
=i+ Si+ SR, Q-P. Q)i+ (P.Q-P, Qi+ (P,Q-P, QXKI
= 5:1: (Psz - PzQy) + Sy (PZQ:I,’ - P:an) + Sz (PrQy - PyQaz)

A EE P, Q SE o] Fojx HySuA e Hu (¥ 3.20(b))

w

PXQ=P. - Q-

3.2C TR o] #g 3¢ RWE [Moment of a Force about a Given Axis]lp.107
g% oLol #g RHES 37] (19 3.22)
oL T H9¥E A =
recall Py, = A-P  (3.2B%)
My, = A-Mo = p.108
=i+ N i+t AN WF -z2F)i+ F, -azF)j+ (@F, - yF,) k]
AN WE, - 2zF)+ X\, zF, —azF)+ X\ (&F, - yF,) =

ofv)
Mo = X-XF) = Xx-[(r; + 1) X (F1 + Fol (29 3.23)
=A@ XF)+ Ao XF)+ XN-(r1 XFg) + Ay X Fy)
= + + + A-(ry X Fy)
olwl & Fr} (0oL 3 AAE
o) SIAME ro] FuHL?
of. SIAME rel 370
A A0l #ZHget= 3 FO 999 & BLol #3 EHES 7] (19 3.24)

Tas = Ya — I
:(a:A_‘T’B)i-F (yA—yB)j+ (ZA_ZB)k
ML:/\'MB:)\-(I'A/BXF)
L=)\'Mc=)\'(rA/c><F)

S48 2% A=k = M-

oA 3.5 e Hell #3F RHE Qo] FHo 3 THE p.110
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o <AF 3.57> p.117

Ze 9 ACD7F At DelA DA [hingel®lo] glom, B &
| Fol mide gtk Eel geo] 450 N 4 ), & BHOl & Zadel sz Fol A
ADo] B8 Rt=E RHES Falolg

Avar GoF HAlAl aigel 114

[H

Tyy = 450 N
S; known Tgy = F ADel| #3 ZHE M;
A; rp/a =
BH ; d, = (0.875 - 0.5) (m) = 0.375 (m), 2
d, = 0.75 (m), d. =-0.75 (m)
d= V0375m)?+ (075m)’ + (—0.75m)> = 1.125 m
1 . .
Apg = m[(0.375)1 +(0.75)j + (-0.75)k]
Ton = - 450 N) = 1125 [(0.375)i +(0.75)f + (~0.75)k]
=150 i+ 300 - 300k (N)
ria X Ten = [(0.5 m) i] X [150 i + 300§ - 300 k (N)]
= [0]1i+ [0- (053001 + [(0.5(300) - 01 k (N-m)
AL = (0-5m +0.5m)i + (Z075mk _ 1 (10 )i +(-0.75 mkl
VI.0m)? + (—0.75m)? 1.25m
=08i-06k
Myp =
=[08i-06kKk]-[150j+ 150 k] (N-m)
=0+ 0+ (-0.6)(150) (N-m)
= -90.0 (N-m) = Myp =
R;
T
A<
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3.3 983 -9 A [Couples and Force-Couple Systems]

3.3A %3¢ EWE [Moment of a Couple]

p.119
o,
$-=E[{8)), couple] :
717 A, AgAlel BaAskH, Wke] whojdl £ 9o Fep -F (¥ 3.25)
ol 3= | EHRIES] ¥ = =
249 U E [moment of a couple]
M=r XF r:$99 F 3o eSS Ads= ¥H (1Y 3.26)
Wk o g-2e] T oels ¥3HeleE o
7] ¢ M = r F sinf = (29 3.27)
54 1) o= HolMy #g3d = &= (2.1B4) cf.
FE 59
2) Fid, = Fyd, ©]al & Hwo] gloew, T ([, -F)I (Fy, -F2)9
(14¥ 3.28)
3.3B 57}%% [Equivalent Couples] p.120
= ZEWEY} Z& F 99 (F, -FD¥& (Fs, -F2) =
22 H g ALY (29 3.29 a%t b)
A Z gaek JH e (19 3.29 b9} ¢)
3.3C 3¢ A [Addition of Couples] p.122
EHEZF M3 Me¢l F 9389 3 = 2 EY} ol ¢ (¥ 3.32)
o <AF 3.72> p.131

FPANAG L] B F $Hol 7}3—HX1
(b) F %59 o] 0L uf 48
d7} 420 mme wW o9 S AAsI )
(a) P, = 84 N, d; = 0.16 m

M, = d, P, = (0.16 m)(84 N) = 13.44 N-m

= M = P%
(b)P, = 48 N, M, = d, P, £
M=M + M =0 d
M= M - M=M - M\
13.44 N - m
() M=288N-m €, d=042m Py‘
M=M + M,
M =M, - M, = M, -
e _ (288+1344)N-m _ o0 o M,
(0.42m) (48 N) d
> a = sin"(0.8095) = 54.0° ,/PQ
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3.3D 8 9¥ [Couple Vectors] p.122
8o F 3o & = | RHEQ I} =
=
£-2 WH [couple vector] = (29 3.33(h))
EA4 D (R E wE 9} vpzkrhA]) (¥ 3.33(c))
2) 8o AR ¥WH M, M,, M, (¥ 3.33(d)
dA 3.6 T +HY TS equivalent] L $H] HAEE p.125
3.3E 3 <& tE I $Ho=9 £ p.123
[Resolution of a Given Force into a Force at O and a Couple]
o, cf.
3] [resolution] p.124
AANY r2 Golu= A 3 d Ao #Es= I F (12 3.34(a))
=3 Fo @ 0o #3 ZHE My (= rxF)¢} & ZHES 2=
+ A 00 Fgsl+= (13 3.34(b,c))
= -4 AGR)[force-couple system]
A [sum]
MR ek 3 Fob $-HuE My =
A 3.7 F 87 IS &Y Joz X p.126
dl <AHF 3.81> p.133
500 N glo] 233} o] R o g3} (a) BAA 5719 -9 A, (b) A4
213 pollAe doz FAHE F/HAE Tt Et

P = 500 N %60°, rp = -0.300 m, rz, = 0.175 m, r,, = -0.425 m, r,, = 0.250 m
() SF: P,=P=50N =  Pys=

)SM, Pa
Mp = = rp, Pp, *rp, Pp,
= ~(~0.300)( ) + (0.175)( ) (N-m) Ms
= -86.15 (N'm) = Mg =
b) SF, = (500 N) cos60° = 250 N o
DIV = —(500 N) sin60° = -433 N SUNCD) Py
IEM, ¢
(-0.425) P, + (-0.300) Py, = (0.175) (250 N) P,
= 4375 N = ©
(0.300)xD +@ ; (0.300-0.425) P, = (0.300)(-433 N) + (43.75 N) 0
= P, = 689.2 N > P, =
@D Pp, = (-433 N) - P, = (=433 N) - (689.2 N) = -1,122.2 N
P, = V(250 +(—1,122.2)? = 1,149.7 N, 4 = tan'l% = tan'(-4.489) = -77.4°
> Py =

e
iy
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3.4 JAIFRE

34A QANRE 3 vz g

@3} [Simplifying Systems of Forces]

p.138

[Reducing a System of Forces to a Force-Couple System]

A el fIA¥H ry, 1o, 15, -
= A o9 #&3=

R}

R = ZF, 1\/[()R = ZM() =

2
N
ox
o

r=zi+ yj+t zKk,
R=R i+ R, ]+ R, k

a4 3.8 (a),(b) H[beam]o] Z-&3}+= %”é
d A 3.10 B#Z [bracket]e] Ao]Ed o

d <94 3.105> (FA (b) tﬂfﬂ)
29 4F EF A9 B ¢l &=

l

o} o]

2 499E A5 485 @ Fy, By B,

(19 3.36(a))

MoRe] Al [system] (19 3.36(c))

F=F i+ F i+ F. k
Mo® = M i+ mfi+ Mm"k

xT

p.145
p.147

p.154

S99 FAZE 7+ 420 N3 320 Nojof, FA417F 300 N

1 Al HA ofol7} B} C/l Abolel gk=th. (a) o] ofo]7} ofrjell gofol A ofo]o] F-AS
Hol A 0= FHSA=IE? (b) o] otk Bk 09 Fdell ekt Al ¢ Aol ThelA]
9 $Ee dnasp r L
S; L =18 m M, 4 = B
=420 N, W, =320 N, W =300 N l cé,, l
Wa w Ws
As (@) XMy =
Wy = wWE)L (420 N) — (320 N) (1.8 m) _
S 4= = = 200 = 0.600 m
b d=09m Pl
P = , A‘\ 5
= (420 + 320 + 300) N M
= = P =
M =
= [(420 N)(1.8 m) - (320 N)(1.8 m) - (300 N)(0.9 m)]
= = M =
R;
T;
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3.4B 57} 9 #% 974 [Equivalent and Equipollent Systems of Forces]

/\1 <
= T 9A9 o Fo] Za, FL3 Hol digk ZHE gto] T}
. %5 [equipollent]
>F = XF', >Mop = =ZMo'

(4

)

=

p.139

-9 A2 HeE ¢ = 7 94 (Fy, Fy, Fs, )9 (Fy, F, Fy', =)
-

SF, = XF/, XF,=%F/, <F =3xF/
SM, = £M,, =M, =%M,/, IM =M
T A p.140
= 3F = IF'9 Mo = =Mo'E Wk F WEUO)A
AN s HE A= S7F Alelth
(] AHEANA 5 HEAE 571 A7E okytt) Photo 3.3
3.4C 9419 d<3 [Further Reduction of a System of Forces] p.140
(3.4AF) A Wl AANE 1y, 1o, 13, - Z FHE HE #E3st= § Fy, Fy, Fs, -
= A 09 #AgstE= 57138 RY 57198 Mot Al[system] (19 3.38(h))
DR =094 Fozx 94 = g 3¢ [resultant couple] MR
2) R+ 0o, FoAx 94 = A Ao &= T &= R, (19 3.38(c))
R
(e RY A 09 7 Ad d = RO)
r xR = MOR
oA 3.8(c) el #g3el= TE p.145
dA 3.9 dFFEI oAgqA p.146
dA 3.11 Yl 715 [column]el &3 284 p.148
3.4D 9A|¢] AX =22 HEH p.143

[Reduction of a System of Forces to a Wrench]
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A4Z Z3A| 9] B3 [Equilibrium of Rigid Bodies] p.170
A HY R=3F = cf.
Mo = Mo = 2(rxF) = 0
W7 -8-F oL} S A71A &,
AHEA =
2 HE
s A B (
AFEAE [Free-Body Diagram] p.172
= Zgsts BE J5S HoFE =yH9 LE (2.3CH)

d

A Folol R} WA :
A BE — BA Agee BE

h=}
SAo) A4 Aga e

[ o
K
o S
2
ofo
I

=
=2

o

(e

—h

@]

=

(@}

D

102)

o

1. A=A A%

Aol v v SAZFY e, 1HE =49
2. BE 99 #A

Aol 7tak= 3, EElE =47 Theke

W & [internal force]&
3. 2o 79 Wk

ojn] &ir 9= ofH e A7|ek W

AREAT W G HY

ftlo

i)

=
[reactions] : A A=A
2 [constrained forces] @ AFEA7F L $1A] 9

=5

Arbell gk 29 FA|

o, A A3}

o <AL 4.F2> p.189
AW AB7F ColA ¥ A (hinge)H i Aol A Ao] Ao]Ee] we] rt. @M B ¢ 3
200 No|] z+gstrpi, Aol Lo AFHy o wkg S F3817] f3 AFEA=F.B.D)E 18
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4.1 2z A9 H3¥ [Equilibrium in Two Dimensions]

(6] p.173
23b) TEEC 249 @ (FRE, A8, welol
4.1A 274 FZEY AAHI A2 A A ¥ p.173

[Reactions at Supports and Connections for a Two—-Dimensional Structurel
o. AFA p.173
38 1. &84S g3 718 EEE vy (19 4.1) p.174

vz i Elrodldl 4% Z [collar], F[slot] <Fe] whzt
shite] WA S
9 2. WE 718 REs kY
o, A A A E= 3 A [hinge], A
+ MY w A
ok el skl v
o, 37 [fixed] A|A]|
Al 7] mA

)\’E‘ lxﬂ_ [Dil’l]

.
)

[rough surface] =

3 3.

4.1B 2z A A2l HE [Rigid Body Equilibrium in Two Dimensions]

p.175
H A 2
R=3F=0 22k (zy HH) = SF, =0, SF, =0
Mo® = =My = Z(rxF) = M, =0
Nel A - IR mHEFE TR AS
dA 4.1 AE I [fixed crane] p.179
A 4.4 AE AAH] W 98 RuE p.182

o <AF 4.17> p.192

T B3 AB% DEVF 193 o] ¥ I A [bell crank]el AZAEl vt HA ABe FH o]

720 N o o, (a) B DEO AFH, (b) ColAe] whH S grefefy AR Ae] B FAske ek

S Fy= 720N, a =120 mm, dy. = M
A @) +)SMp =0 B =)
= Fp = = (720 N)% = 600 N dpc
(b) £F, = 0 5
= G, = Fy, = = 2720 N = 432 N
SF, =0
= G, = Fp+ Fp, = Fp + = (600 N) + (720 N) = 1,176 N
C = = V(432 N)2+ (1,176 N)® = 1,253 N
tanf = = L,176

= = _1 = °
132 2.722 = 6 = tan (2.722) = 69.83
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iul
B =
MM B
%
lo
of,
ot
ol
o
P

oAl 4.2 Al 3t [loadlo] Z83}= X [beam]2] WH

oAl Al 4.3 AAF A= [track] A=k AlolE2] 4= 3} vl [wheel]2] WH

A 4.5 A=A =)

o <AF 4.F1>
1,400 kggl :ﬂoﬂzgjg] 7(]7}-0]] 7L7_]—g] ;<1al:o] 350 kg

S;dy =17m, dy=28m, dy =18 m M;
dy =12 m, d; = 0.75 m
me = mp = 350 kg, m, = 1,400 kg

p.176

p.180
p.181
p.183

p.189
QR 2 2ol el gtk
(a) + Fvd A4, (b) 7 ¢k Bl 7} vpF ol #Heet+= S Tstof et

W 7, = (350 kg)(9.81 m/s?) = 3,434 N
W, = (1,400 kg)(9.81 m/s?) = 13,734 N

A; (@) +)XMy = 0 ;

1
= RA = m [(d1+d2_d5) W(] + (d2_d5) WD + d4 WG]

= 1 [(3.75 m)(3,434 N) + (2.05 m)(3,434 N) + (1.2 m)(13,734 N)]
2(3.0 m)
_ 36398 N-m _ 6.066.3 N = Ry =
6.0 m
b)+I=M, =0 ;
= RB = m [_(d1+d2_d3_d4_d5) WC + (d3+d4+ d5_d2)WD + d3 WG]
= [-0.75 m)(3.434 N) + (0.95 m)(3.434 N) + (1.8 m)(13,734 N)]
2(3.0m)
_ 20408 N-m o0 . R, =
6.0 m
R; T;

4.1C BAAWY FE L2 ([Statically Indeterminate Reactions. Partial Constraints]p.177

A7g0ke] [§59E )% /), statically determinate reaction]
o, | AA + E¥ A[A] (¥ 4.2)
Zhel wA S D3 e WA o
- Aae] [Nl i ), statically indeterminate reaction]
o, I A + F AH (1% 4.4)
e} w4 C 3 e BEwAga o w
BB & [partial constraints]
o. 29 AA + =2 AA (29 4.5)
7Hel mA 4 D3 MY BN F

_27_



4.2 5 7}A EXH3I A$ [Two Special Cases]

4.2A F 3o] ZALsE= EAY HY [Equilibrium of a Two-Force Body]
339
R = b g , A8 o] , T35 (1% 4.8 ¢

= =

BEHWE © XMy = S(rxF) = 0 2
(r1<XF; + ryxXFy)e] 27| =

4.2B Al 3o] ZL3t= EA9 HE [Equilibrium of a Three-Force Body]
. B

A Hel Agae Haol AL
1) #Hg41o] Hal
Fy + Fy = F, % @ Fi% FJb A8sts 450 a9

2) A Aol (13 4.9 o
Mo = Z(rXF) = ZMp = riXF; + roxXFy + r3xXFy =

oA 4.6 71 ¥ 22X AFHH A v

o <% 4.72(b)>
A&o] 80 mmelal FAI7F 40 NI E2{7F 5o} o] Bhd wiee] Fof glh. gl
=z o o

0
mm¢ 4, = 2 FoldAA B A= Aol dHel 283 ¥ PE

S W=40N, =40 mm, ¢t =3 mm M;

A, o =
cosf = _ (40 — 3) mm
40 mm
= 0.925
= = cos '0.925 = 22.3°
0 =
= 180° - 60° - 22.3° = 97.7°
. P
37 X] —
Sine o =y Sil’lﬂ
5 p= S oy SIN223 540y - p =
sinf sin97.7
R;
T;
AL

_28_

p.199

p.199

p.199

p.201
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4.3 3z A9 H3¥ [Equilibrium in Three Dimensions]

4.3A 3AYNA ZFAe] B

[Equilibrium of a Rigid Body in Three Dimensions]

SF =0 > SF, =0, XF, =0, 3F =0

SMo = S(rxF) = 0 > SM, =0, =M, =0, XM =0
ey mAG7A] Fo] Ths

4 02 443 A9sE, A9 M wE 4B 27

oAl 4.7 12 W Atthe] [ladder] ] ¥hE

o <AF 4.99>
l1m X 1.2 m o]z Ao
AA 2 AAFo] 9w, e
AR () Bl A o
S; W = (18 kg)(9.806 m/s?) =
A; (0) =M, =0

v}

= ¢, = 100.86 N

(a) ZMBZ =0;
S 4, = 12188N = A, =
(b) SM,. =0
> B =-46225N = B, =
R;
T;
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4.3B 319 FFE9] vty p.207

[Reactions for a Three-Dimensional Structure]

ux]4 1, 2, -, 6 (29 4.10)

6714 715 g BAEE, Al W IAEE) TolA B ES &5

1. & XA [ball supports], PF& ¢l W [frictionless surfaces], #|¢]E[cables]
Hke o] 7]

2. vtz 99l = [rollers on rough surfaces], @Y 2 v} [wheels on rails]
T o

3. 72 [rough surfaces], B-42# %A [ball-and-socket support]
Al HEe

4, $-1¥A =2 E [universal joint] (AFA 4.3)
A w2 g 9

5. (X1E ek 3wk A #]&k=) €K [hinge], W] ¥ [bearing]
T Rk &9

6. ¥ B 7 [pin and bracket], (FHE XX 5}+=) 31X, Ho]H (AHR 4.4)

A EEE ) 52
[

fixed support]

L= e s =
oA Al 4.8 B-2A F AoER XX¥ 1+ p.211
oA 4.9 Aol wWojF oz XA H p.212
oAl 4.10 B-223 AolE=E AAH & p.214
A [ I 1, statically determinate reaction] zka)

n A g=2] J6)7F B A et 4
Ak [ RERE K ), statically indeterminate reaction]
1A15=2] Jh(6 237F BE A9 et B
342 partial constraints]
1572 76 mIRh7E B3 2o Jigrn A&
Z -4 [improper constrain]
1A e8] W o] FastAY sd Aol Fo A= A5

FEWAA AR} EE ] o

oﬁ

)=}
T

4z
o o

I

—[n:
N
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