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0.1 71 A1 F o] &?

&} [science] =

F8}[engineering]=

cf. 71%[technology]=

71 Al &8t [mechanical engineering] =
7
mechanics (9g}) :
o] zZ&atal v FAY AAGH Eve SEHAEE BASEL oS8k

Newton® =

o = g

T 5 A A2 static %2 dynamic

' 7 A AHst  statics %98t dynamics
A solid - - - X S )

WA | 2AY8 solid mechanics | A58 vibration

o o . .
A liquid 23 fluid FA 98t fluid mechanics
714 gas fluid dynamics

Qe = Ao UA S T G
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0.2 A998} [Statics]

A9 = (At e 24 #HEsk=) @ lforcel® H ¥ [equilibrium]s v+ I
3 =[EA]=
9% = 3 [force]?d} % [motion]e] AAE t}F= &

Y =[EAED]=

aAGs = 3 [force]?} ¥ [deformation] o] AAE thF&= HE

g =[EAl=

A = FA(AA L} 712D diste] 3 HY, 5, WY 55 T T
A A A [particle] : o a3} 7} T EE 24
7+ A [rigid body] : ¥} 7 AEEu WS FAEE A4

M & 2| [deformable body] : ¥do] 1HFH = =4
A [fluid] @ 871l o3&l Fdol AZAs= EA (HA], 714

235 FZ[outline]
1. A& [introduction]
2.

A A o] AAsstatics of particles]

3. A+ S7M [equivalent system]
4 " 3 ¥ [equilibrium]
. " A =Al[centroids and centers of gravity]
8. " : wlZ[friction]
9. " : IAHEYWE[moment of inertia]
WIE AA
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A1 A & [Introduction]

p.1
1.1 g3to)& F1<17}? [What is Mechanics?] p.2
A3} = 3ol 2&3lal Y= =AY AH = AEE BASHAL o F8s 838
[applied science that describes and predicts the conditions of
of bodies under the action of forces]
1.2 712 7133 ¥3] [Fundamental Concepts and Principles] p.3
A3t 7] i
&7 [space] : EA 71 ()2 HE A Wdo g &AHE Zo] =
A ZF [time] @ Z 2 [dynamic] @A e HlE = A4 d.
A& [mass]
3] [force] : 284 [application point], Z7][magnitude], ¥ [direction].
o o nd
Asto] 7]E L+ p.4
He Ay H= o o] 34 [addition]
A8 [resultant] = 7 @ ZF2 279 WS 7F] HPA P o] ojzhA
Newton?] & W2 (174]7] $4h
1.
2.
3.
*.
Ao 98] [transmissibility]
A sk Mol 2Hget= S A9} WEko] EANF thE Mol #Eol= oz YAt ®
Aol HEPFGEY &5 dE 7 MEkA] et
1.3 9994 [Systems of Units] p.5
= @9 A [International System of Units]
= SITF¥ Al (Syst é me International d'UnitéS)
718G - Aol(m), AH(kg), A7Hs), AF(A), 2=K), EZA9 %(mol), Z%(cd) candele
B9 @ HAZ (rad), YA 2 (sr) steradian
ST AA(mMY), $Em/s), 7 E(m/s?), kg - m/s?), % 1.2 p.8
3 : 1 N (newton) = 1 kg -m/s? (« F=ma)
o, A W=mg FE7lEE g = 9.81 m/s?

m=1kgol" = W= (1kg)-(9.81 m/s?) =

H5 da(10), h(10%), k(10%), M(10), G(10%), T(10'), P(10"), E(10") % 1.1
d(10™), c(10™), m(10™), (107, n(10™), p(107'®), £(107"), a(107'¥)



Aok @A [U.S. Customary Units] p.8

Zdo]l  : foot (ft) 1 ft = 0.3048 m, 1 mi=5280ft 1in-= 1—12 ft
S (FA): pound (Ib) 1 1b = 0.4536 kgf HrlEw g = 32.2 ft/s?
A% slug 1b=aq slug)~(1 ft/s%)

pound mass (Ibm) 1 1b = (1 lbm) - (32.2 ft/s?)

1.4 9994 ¥8 [Converting Between Two Systems of Units] p.10
Zo] &9 [Units of Length]
1 ft = 0.3048 m

1 mi = 1.609 km - 1 mi = (5,280 ft) % =
. - 1 0.3048 m _
1in = 25.4 mm 1in = (12 ft) T

3] 9] [Units of Forcel
11b=445N — 1 1b = (0.4536 kg) - (9.807 m/s?) =
Aek 9] [Units of Mass]

11b 4.448 kg - m/s”
1 slug = 14.59 k «— 1 slug = = = 14.59 k
& g T T/ 0.3048 m/s’ .
11b 4.448 kg » m/s’
1 Ibm = 0.453 k “«— 1 Ibm = = = 0.453 k
£ 32.2 ft/s? 9.81 m/s’ .
#* 1.3 p.12
1.5 FAEo] WY [Methods of Solving Problems] p.11
SMART
1. Strategy EF Al et (Rs, AR, )
2. Modeling 2dy 24 A - AFEALE A
3. Analysis IS D2 (Hske] 71E o &+A)
3 (== A%H
4. Reflect HE Ao BdA
Think oul o Ayt on]
1.6 XA = [Numerical Accuracy] p.15

Aol Jetmel FHL Fr FE

(1) F17 dolg o] Agw (FA o=z izl 0.2% °lst 24
(2) Yzl Akl Go=

&< A} [significant figures]

Al A
12 Al2E = Ak v A
. 50 m — . 15N — . 253.42 kN — . 2,192 kg —

= 3.1415926: —



A2 2 A o] A A [Statics of Particles] b.16

S
“

E (4575 [resultant] (2. 1~24, 44)
2

[equilibrium] (2. 34, 54)
2.1 FHA o A [Addition of Planar Forces] p.17

2.1A AR &3 I F P9 7Y p.17
[Force on a Particle: Resultant of Two Forces]
3l [force] : 3 EAS t}& EA|o tgt 28 [action]

Z+-& 2 [point of application], =7][magnitude], ¥ [direction] &2 EA]

(28 2.1)
A= fEo] 3 Ho =&
CAkeE T 9. 9 2,000 N = 2.00 kN
: 28 A [line of action]¥} ¥ 3% [sense]
& (&) [resultant] : [equivalent force] (19 2.2) p.18

= % 74 ool WEol A8 W olEd ge AAE e shtel g

HPAPHRE M [parallelogram law] R =P + Q
g = F Ay 2L A7) WS 7px] HPrHEg e

2.1B ¥ H [Vectors] p.18
2Zre}[scalar] @ A7 2t S
o
LU= = e %
o: 3, W¢[displacement],
HAAPHY WA o] o) F

oI
2
b
[:4 U

By

-y
_

—

velocity], 7}F& %X [acceleration], ¥+ %% [momentum], -

o,

[addition].

HE, 2Rl dARle] L. (2™ 2.3)

—n

S¥HE [equal vector] : A7]9} Wako]

§-9E [negative vector] @ 7|7} 23 Wefo] wkgl #E., -P (1§ 2.4)

LW E [fixed vector] @ ZH-&F o] gojgl W .
(= f3¢ ME [bound vector])
v 778 ¥ [sliding vector] : A& whet o] 53 4= e wE, .
recall

A8 [free vector] @ XA Al AL = s HEH. 4.



2.1C ¥g 9] A [Addition of Vectors] p.19

34 [commutative] : P + Q =

HPAIHE Mz A g (138 2.5)
A2+ M= [triangle rule] (19 2.6)
e o] WA = FuE o giAl P-Q-= (28 2.7) p.20

AgtA [associative] P+ Q+ S=F+ Q + S =

t}zts W [polygon rule] (29 2.8)
2Zvako} WE o] F [product of a scalar and a vector]
n P o : (19 2.9
d A [Sample Problem] 2.1 & ¥ = p.22
% AFZH [trigonometry] (52)
b c
Lol = A a -
Fl[sine] & sind sinB sinC
FA}S [cosine ] &2 ad =v + - 2bccosAd

=4+ a>— 2cacosB

of <5 2.20> p.2
TN Fx2E FA Ak p7F a9 Po] BTl BEER A AN v ¢F FAE 4
S o, B 49 32 15 kN, FA B2l 32 10 kNY 45, 74 49 Bel 2Jsf BH

el el Zolsh WS AN S ALgslel AAse
S ; known F, = 15 kN, Fp = 10 kN, unknown R, 474 [trigonometry ]

7)
M ; AFEA=[F.B.D.) 8] A7+ [force triangle)

= 180° - (a + f)
= 180° - (40°+20°)
= 120°

Fa B = 20°

A ZAAFA @ =0+~ 2bccosd

= R? =
= (15 kN)? + (10 kN)? = 2 (15 kN)(10 kN) c0s120° = 475.0 (kN)?
o] A7) = 21.79 kN
AFAEA sigA - Sill’)lB -
. Fp . 10kN . .
sing = & ST SN sin120° = 0.3974

¢ = sin"1(0.3974) = 23.41°
ek 2% 9 = ¢ + (90°-a) = 23.41° + (90°-40°) = 73.41°
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2.1D 5L - 2

[Resultant of Several Concurrent Forces]

(" 2.10)

p.21

2.1E 3¢ £33 [Resolution of a Force into Components]

O~
G

Wb e e o i

u

39l A& [components] :

(9 2.11)

ol

(14 2.12)

R

(19 2.13)

o

oA 2.2

p.23

9] <1#4 [tension]

o €14 [tugboat] &

o|l1nE F

o
=

d A 2.2 B}X] A [barge]

AJn

o]

gk 71 [e]dl @i w71 FA FX(-1D)A]

=
\=]

ql‘

g

2. ol

& A9 9o SMART #A)

a) S(A=), R BFEA), T(E3 o)
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e
e
T
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of
o
ﬁo
i

7K
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b) Modeling®] Al ZH4-E A =(F.B.D.) e —0.2

c) AnalysisolA #d 2] 7] A

| ) AL,

2

& 2
T T

-0.1)
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2.2 A9 93 39 FA [Adding Forces by Components] p.29

2.2A 3o AR EY TG dH p.29
[Rectangular Components of a Force: Unit Vectors]
o Fa (FPAE)] 55 A9 = AR A4 F AARoE & (FAMY)
o, (19 2.14, 2.15)

@G W [unit vectors] :

o 2% W wSlUE i yF TF DUy | (19 2.16)
SRR
HE A F., F, F, = . F, = (29 2.17)
2ZYARE F,, F, F=F i+ F,j o [Example] 1.
F, = , F, = o 2.
F -
_ Y _ 2 2
tang = F=\JF+F o 3.
o <A 2.25> p.35

B2 BC7Y HA Acel Apo wEow 3 pPE sbsitl 3 PO $HAE =77} 325 N o,
(@ 3 P =7], (b) 1 g9 FAAHES T3t
S;: P, =325N, M ;
0 = = tan (1.1077) = 47.9°
A ;
(a) P, =
P, 325 N
= = = 4 4' N =
R cost cos47.9° 84.7 r
(b) tand = = P, = P, tanf = (325 N) (1.1077) = 360.0 N
= P, = = (484.7 N) sin47.9° = 359.6 N
P, =
R ;
T ;
2.2B X¢ YV AEY 3ol g% Ao FA p.32

[Addition of Forces by Summing X and Y Components]

& Aol Agah old Y59 FH AR = Folzl Yuo| AUt YrEe G

P+ Q+S=R=R i+ R j R, = 3F, (=
R, = ZF, (=
L= R = (L 2.21)
oAl 2.3 & Aol AEsh= oy =] ¢Y p.34

2
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2.3 HHI|A ¥ H3E [Forces and Equilibrium in a Plane] p.38

2.3A AA ¢ ¥ [Equilibrium of a Particle] p.38
3 & [equilibrium] :
Seshe mE Qo)
o. F o A 7V 2a, e o or, o] Wil (2" 2.22)
AdbA o 2 RE=EZZF) =0 ( (19¥ 2.23b)
EE SF =0, 2F, =0 (1 2.23a)
cf. 24 138 SF=ma = SF+ (-ma)=0 - m a
2.3B FE&9 &% A1¥F [Newton's First Law of Motion] .39
A0l s Fe) Felol 02 A5

CEEIEEE)

(Heel SE53 Ae) AL AT 22 LEFI

2.3C AFEAES FAEo] p.39
[Free-Body Diagrams and Problems Solving]
AFEA X [free-body diagram]
= Z8-3}+=[applied] RE 53 HoF

o, 19 2.24 p.39

i

FHAR =

B

756 N

{b) Free-body diagram (¢} Force triangle

(a) Space diagram

— (d) rectangular components
SMART ®H (1.54)

1. Strategy A=k EA Feol (s, AE, i)

2. Modeling meg A g -

3. Analysis 3l A HEgg A A4 (3 1 , B2
WA Eol

4. Reflect & Think #HE B e v, Aol o]

|
O
|



AAl 2.4 39 [unloading] #Y ZZ[ropel? <1734 p.41
dA 2.5 A =2 [roller] $1¢ 3% [package] p.42
d A 2.6 HA[sail boat]e A=

o <AF 2.70> p.53
1,800 N¢| st Q7F =28 c° #&staL, o] R28= & ACB 9158 75 T Utk o] =2
e vE = c4aDel &l el 1Bl Ao WA, o] & =2 4E Ay §5 P
& A"t (a) = AcBY 44, (b) 35 P A7]E ot

S ; known Q@ = 1,800 N, a = 55°, 3 = 25°, unknown 7, P, A ZAR ubd

171 O fe)
M; AFEAZ[free-body diagram] 3] A7+ [force triangle]
Yy
X
v =a + [ =055%°+ 25° = 80°
A< 1 HJd AES

M M
N
o
o

© e

(a) M<sina + @Xcosa
T (cosf sina + sinf cosa) - Q cosa = 0

Q cosa
= = ——r 7= @ = = = =
T sin(a+ 5) 1,048.4 N T

(b) @ = T cosB - T cosa — P cosa =0

= P=T1T = (1,048.4 N) =6079 N = P=
cosw
R ;
w2y 4>
6, = 90° - a = 90° - 55° = 35°, 6, = 90° - B = 90° - 25° = 65°
: 0 . o
r_ _ @ - 7= — (1,800 N) 3230 j 044 N
sinf, siny sinvy sin80
= T =1,048 N
b 9 . o
rer_ @ - TP = Q22 Z (1,800 N) 2% _ 6565 N
sinf, sinvy siny sin80
P =(1,656.5N) - 7T =(1,656.5 N) - (1,048.4 N) = 608.1 N
= P =608 N
T ;

2
oy
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2.4 F7Fo A d<9 A4 [Adding Forces in Spacel] p.54

2.4A F7HA A9 3o AZAE [Rectangular Components of a Force in Space]
Y q g, k (29 2.27)
F=rFi+ Fj+

VE I+ F*+ F? = F=|F|
F, = Fcos,, F,=Fcost, F,=

(¥ 2.26)
o2.4. 500 N9 &o] z, y, z 3 Z+Z} 60°, 45°, 120°F o]F Ut} p.b5
F =
ke & [direction cosinel
F‘T
cosf, = —, cosf, = , cosf, = (13 2.28)

“12.5. 3 F7} F, = 20 N, F, =

p.b6
3o A7 F= = V20N)?+(=30N)*+(60N)* = 70.0 N
Wk 0, = = cos 22N L 0s710.2857 = 73.4°,
: 0N
0, = = 115.4°, 6. = = 31.0°

o <A5F 2.78>

p.64
AolE ACe Zdoli= 35 molaL o] Aol&e FH2 21 kNoJt}. (a) ¥ ColA AolEd 7}3
Z

0, 0, 0.5 T3t}
Y

S known [ =35 m, /=21 kN, g8 =50°% [, =28 m M ;4
unknown Fy, F,, F,, 0,, 0,, 0,, W&d

A= e oz, y, 2 AL, (b) L P WS PAs=

A WFld cosh, = = =W - 0800
: 35 m l
= 6, = cos (0.800) = 36.87°
(a) F, = = (21 kN) c0s36.87° =

0)
(F, = = (21 kN) sin36.87° = 12.60 kN) A N
F = = —(12.60 kN) sin50° = z
F = = —(12.60 kN) cosb0° =
X
(b) 6, = = cos™! 2'165 = cos (-0.4595) =

0, =
6, = = cos’! 7;3'110 = cos '(-0.3857) =

_11_



2.4B 39 Z&Hd Ao F A 7 A7 o8 FYHE= ¥ p.57
[Force Defined by Its Magnitude and Two Points on Its Line of Action]

l:r X1:!q M(xlv Yis Zl)’ N(ng Yo 22), ?;5:]‘04 i7] F (1% 229)
d, = zy—zy, d, = Yy~ vy, d, = 25— 2y, d=\/d;+d;+dz2
SOIEE N = A i+ N+t Ak = %(dmi +d,j+ d.k)
F=F\-= E(d i+d,j+ d k)
d :1:1 y.] z
oAlAl 2.7 ©ltower]®] ME=F[guy wire]9 & p.59
o <ALHF 2.86> p.65

T+ Mol & BGSr BH7F ZHld) ACDl BAIACAM wio] vk & BHO ¥l 750 N
W, & BH7} BARANA Ze el 7hske= 9 AwsS Tetolh

Y

S ; known F = 750 N, unknown F,, F,, F,
F=FX

A d, =xzy—xzp=

d, =Yg —yp = , o d, = zgp—zp =
d=d?+d>+d> = V06m)P+ (12m)’+ (-1.2m)* =
A= Sditditdk) = ——[06mi+1.2mj+(-1.2m k]
d ! 1.8 m
N S _2
=gitgit gk
1. 2. 2 i )
F = = [§1+§]+(—E)k]=(250N)1+(500N)]+(—500N)k
e A+ F, = . F, = , F. =
R ;
T ;
2.4C FAXe FLHA F&3t= dY A p.58
[Addition of Concurrent Forces in Spacel
= R=2XF
4% R, =3%F,, R, =%XF, R, =XF,
7] R =
HF &k By Y £,
ol cosf, R cosﬁy = R cosf, =
oAl 2.8 ¥ [wall]S A|A| k= AolEES] & p.60

2
bl

_12_



2.5 F7tollA &3} H3F [Forces and Equilibrium in Space] p.67

A 2.9 Aol migd EAol #&ste= A p.68

o <HAHF 2.102> p.72
Hip ol Al Jie] 22 7I7E violFskth 71l o Aol 800 Nef 43 o] 7jajd

1%
W 7tzte] o] e ool

S ; known P = M ;
unknown 7yg, Tic, Tap, A7

A dag = (-420m) i+ (-5.60 m) j
= V(=4.20m)* + (-5.60m)’* + 0 = 7.00 m

= L 420 m) i+ (=560 m) il = -0.60 i - 0.80 j

Ais 7.00 m
Tag = = T,, (-0.60 i - 0.80 j)

dac = (2.40 m) i + (-5.60 m) j + (4.20 m) k
dye = V(240m)? + (—5.60m)® + (4.20m)’ = 7.40 m

1 . .
Aic = 710 m [(2.40 m) i + (-5.60 m) j + (4.20 m) k]

= 0.3243 1 - 0.7568 j + 0.5676 k
Tac = = T,0 (03243 1 - 0.7568 j + 0.5676 k)

dap = (5,60 m) j + (-3.30 m) k
= Vo+ (=560m)? + (—3.30m)> = 6.50 m
1

Aup = 650 m [(-5.60 m) j + (-3.30 m) k] = -0.8615 j - 0.5077 k

Tap = = 7,, (-0.8615 j - 0.5077 k)

Al XF =0 =

SF =0; -060 T, + 03243 Ty + 0+ 0 =0 o @
ZFy = O ; _080 TAB - 07568 TAC - 08615 TAD + P = O @
SE =0; 0+ 05676 T,p - 0.5077 Typ + 0 =0 - ®
@ = TAB = %TAC = 05405 TAC @I
_ 0.5676 &y
@ = Typ = o507 L = 1.1180 T, ©)

® = -0.80 (0.5405 T,.) - 0.7568 T, - 0.8615 (1.1180 7,.) + P =0

800 N
2.1524

@ = T, =05405 (372 N) = 201 N, @ = 7,, = 1.1180 (372 N) = 416 N

> —(21524) Typo+ P=0 = T,0= = 372 N

_13_



