A5% BEY: =43

[Distributed Forces: Centroids and Centers of Gravity]
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— HHO ul—o 7‘<_:]

g A

7 agel A3 95 REY)  -(FA)- (85 :
(

22 = A W [flat

= e ZA[[EL, centroids

plates], ol x3+

N

B
=5
of,
rd
o9
!
o
e
)
2l
td
=)
|m
4
X
of\

p.232

Z Fo ek M4 12 W E [first moment]

A [HE Ly, center of gravity]

5.1 3H9 FAl3 A [Planar Centers of Gravity and Centroids]

5.1A 2z+4
o.

Exﬂ‘,] 7-/\1

[Center of Gravity of a Two-Dimensional Body]

B T4 (24 5., AAe 4 (24" 5.2)

n MY #8405

& [coordinates]

T Al [weights]

g+ [resultant] W

(931’ yl)’ (IQ, yz)r Tt (Inv yn)
AW, AWg, AW,
AW, + ot AW, = YAW, e

=1

= RWEQ 3 (Varignond #Ad])

W = =x1Am+x2AW;+---+anWn—Ex AW, =

< |
s
Il

1=1

=AW+ AWy + o 4y, AW, = Dy, AW, =

i=1

5.1B "3} A9 T4 [Centroids of Areas and Lines]
FA7Y #d3Huniform] & [homogeneous] 33
AW =~ t AA

v« ¥l I, specific weight] =

t @ & T [thickness] (m) T
AA T 849 WA (m?)
A e i
= A= Y, A4, =
i=1
> T4 = Ya A4, = (719 5.3)
i=1
N yA = Yy, AA, = (29 5.8A)
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&
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X
o
2

a @ AAY ©H A [cross—sectional area]
AL @ 829 Zo] +d = #Z
W = L AAe] Aol

T ®©
Il

-2

S

L

&~

W= Y AW, = L = Y,AL =

i=1 i=1

T W= Y AW, 5> @l = Y AL = (1% 5.4)

1=1 1=1

YW= My AW, > yL= YyAL = (19 5.8B) 5.240

i=1 i=1

oA 5.3 FAg Y Fo HIY p.244

5.1C W33 A9 1x} R9E [First Moments of Areas and Lines] p.237
WA A9 12 mHlE (At A 28

yEol Tek WA 49 13 mElE Q = /di (=

x% n " n Ql- — /ydA (:

o [symmetry] 7%

g 7he] tid = (2¥™ 5.5)
1

Fol B 13 WHE -
KX

p.240

o1
—
o
Iz
o
)
&
X
2
o
(@]
8
ie)
(@]
Q,
—t
(¢]
g
Q
]
D
w
QO
=
[aR
=
=
D
2,

— LSS
= TE FAeE B 4. (14 5.9)

3L
gtele] wWlE = melE9] g (Varignond A#])
b3

(z W) Y SW=3S(yw

B FA, 4 77D (19 5.10)
Q, =X A =3(z4) Q, =Y 24 =3(yA4)

X = Y =
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of (LAl 5)

o

o .<

225 mm
ade ®wel Furegol mAe] YAE el \
DA - | _|. \
a2(O0 M ———>
E = y
-1
y = 5(225 mm) = 75 mm
@ A=
LG e
E =
X
g =
= 42 188 mm? + 39 761 mm? =
S(zA4) = (125 mm)(42 188 mm?) + (-95.49 mm)(39 761 mm?) = 1 476 722 mm®
S(yA4) = (75 mm)(42 188 mm?) + (95.49 mm)(39 761 mm?) + = 6 960 878 mm®
_ 3 3
T = _ 1476.722><1§) mn; - 18.02 mm
81.949 X 10° mm
o 3 3
v = _ 6960.878><1§ mrr21 - 849 mm
81.949 X 10° mm
3 [sign] 9
o, (218 5.11) p.241
A 5.1 8% Jd = yl p.242
\\ r=10cm
A% 5.5> ﬂ/( D.246
ael Bl guEge] =4 XS ket T——L—.
r=10cm, a =5 cm :jin/
D A4 = = (10 cm)? = 78.54 cm? ’
i (l—')(ll]
z = = — (10 cm) = 4.244 cm y
3 D
@ A4 = = —(5 cm)? = -25.00 cm?
r = = %(5 cm) = 2.50 cm G ®+02
T X X
= (78.54 cm? + (-25.00 cm? =
S(zA) = (4.244 cm)(78.54 cm?) +(2.50 cm)(-25.00 cm?) = 270.82 cm®
JE— 3 —_
X = _ 270.82 cm2 _ v =
53.54 cm

_33_



AR E, ¢ G4

A
X =L = x(zL)

>(yL)
X = Y =
oA 5.2 AA el FAFTAH p.243
o <: A RAE>

) L/‘(

R

m =08 kg, r =02m,

a = 30° 76r
S; known m, r, «, unknown Tp. A
> oA WY, we, 9% )
A W= = (0.8 kg)(9.81 m/s?) = 7.848 N M; -
- _ (02m)sin30° _ 0.6 "
/6 T
(a) EMA = O
T — ;COSOZ
- Tpe rsin2«a
0.6
(0.2m) — <T m) cos30°
= (7.848 N) 02m) Sin60° = = Tpe =
() XF, =0
= A, = —~Tye cos2a = —(1.5678 N) cos60° =
F, = 0
= A, = W - Ty sin2a = (7.848 N) - (1.5678 N) sin60°
A =

V(= 0.7839 N)? + (6.490 N)? = 6.537 N
g = 6490 N

_ _ N )
~0.7839 N 8.279 S 9 = tan '(-8.279)

2
iy
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5.2 A9 i3 =7} 318 A}SF [Further Considerations of Centroids]

5.2A A E 23 =419 AA [Determination of Centroids by Integration] p.250

( A=f)

5.2B Pappus—Guldinus® #A# [Theorems of Pappus—Guldnus] p.251

(Ae)

5.3 ©=A19] 7} 28 [Additional Applications of Centroids]

5.3A Ho| F&3= £ X35 [Distributed Loads on Beams] D.262
(A=)

x5.3B f-Ao F71 FH| ZL3= 3 [Forces on Submerged Surfaces] p.263
(A=)
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5.4 ?Jxﬂ‘,] z/\]J,]_ _1;.’__/\]

5.4A 3x9Y EA9 FAFH =4
[Three-Dimensional Centers of Gravity and Centroids]

3219 EA9 FASA[HED, center of gravity]

n e Ze gas (19 5.20)
Z} 3% [coordinates] ri = (z;, ¥, z;)
A [weights] AW;
St [resultant] W
W= Y AW, = W=
i=1
= (z,y, 2)

A9 =4 [[E.», centroid]
AW =7y AV v« Bl [IbH, specific weight] = ©9] 53]
AV 840§y

V=AY 2

(m®)

W=~V

rvV =

_ E R
z V= /de §V=/ydv

Ve 12 RHIE (A gt &g

ool BE Bw el 15 mdE /de(=

/de (=

—

2V=fzdv

Zx?j n n n
:L.yg n n n /Z dV (:
A [symmetry] 7%

sl A W [plane of symmetry]
3 P #gk 14 RHE =
= WA

7] olake] iy g .
o FHe] #gk 13 EYlE =
EAe g
Al RS A e WA

_36_

[Centers of Gravity and Centroids of Volumes]

p.276

p.277

g FA (N/m?)

ey

%_?1:

(19 5.21) p.279



5.4B &3}E A [Composite Bodies]
EAE 3% dgow B,
Ao FAFA #AE (X, Y, Z)
X SW==3xEw Y W
72 [homogeneous] &4 (v
X SV =3x(xzV) Y SV
X = Y =
dA 5.11 5 JA =¥
A 5.12 79 A= 714 849 F4

o <A< 5.100>
Yo ®Bel AR BefFl [stop bracket]ol A

p.278
= S(y W) Z W =3GW)
W =
= 3(y V) Z v =3GV
7 =
p.281
y p.282
12 mm
p.287
]
Ler ‘\li)() nm
62 mm ¢
51 min_=
o5 88 mm
12 mm
1k
25 mm

45 mm

34 mm

= 105 600 mm®

FAFA 2FA%E T35t

B Zl& 2 [homogeneous]o] o] A

FAlFA o] =AY dAgkcta 7Fg st

O V=
T =

@ V¥V = (100 mm)(45+55-12 mm)(12 mm)
z = 2@ = 50 mm

® V= %(62 mm)(51 mm)(10 mm) = 15 810 mm’
T =

@ V=
E =

>V =105 600 + 105 600 + 15 810 + (-

17 820) (mm®)

= (50)(105 600) + (50)(105 600) + (39)(15 810) +

>(z V)
= 9 786 630 mm*
_ 4
T - _ 9,786,630 mrr; _
209,190 mm
28 Yy =272mm 9% 5101 Z = 26.2 mm
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rO
oy

o <AF 5.111>

ZH59o] 2FF(awning)o] T

e},

o}\g = } =

A =

-1

y = 5(80 mm) = 40 mm

z = %(500 mm) = 250 mm

A =

g =

- 4

z = — (500 mm) = 212.2 mm
3T

A =

g =

z = 500 mm

A =

g =

— 2

z = ?(500 mm) = 318.3 mm

A = AD = 40,000 mm?

y = y@ = 40 mm

z = 2z = 250 mm

A= A® = 196,349 mm®

y = y@ = 292.2 mm

z = 22 = 212.2 mm

\\ ff

80 mm

£ 4
=TT

24 = 2(40,000) + 2(196,349) + 54,400 + 534,071 = 1,061,169 mm*

S(yA)

>(zA)

|

N

332,842,835 mm?®

= 300,525,315 mm®

1,061,169 mm>

_ 300,525,315 mm”’
1,061,169 mm>

Y(zA)
YA

332,842,835 mm°® _

= 283.2 mm

_38_

2(40)(40,000) + 2(292.2)(196,349) + (40)(54,400) +(398.3)(534,071)

p.289
et 2SS FAIFA AAE S
Y
o,
680 mm
e
@/ |
| @ S r=500mm
@, g | -

2(250)(40,000) + 2(212.2)(196,349) + (500)(54,400) +(318.3)(534,071)



5.4C A& 23 JA e =49 24

[Determination of Centroids of Volumes by Integration] p.280
( A=)
dA] 5.13 whPEo] =4 p.283
z = y = z =
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A6F FZE9 3)A [Analysis of Structures]

6.1 E&]~ A [Analysis of Trusses]
6.2 & E#l~ &4 [Other Truss Analyses]
6.3 ZH Y [Frames]

6.4 7] Al [Machines]

_40_



A7 JHZ Y EWE [Internal Forces and Moments]

7.1 A4 ¢ W= [Internal Forces in Members]
7.2 X [Beams]

7.3 35, Ad R HARWUE Alo]e] A

[Relations among Load, Shear, and Bending Moment]

7.4 AolE [Cables]

x7.5 A4 [Catenary Cables]

_41_



A 8% ®} & [Friction]

p.431
o
A=W [surfaces in contact]ol] g 7}7d [assumption] (4.1A4)
w2k 91 S [frictionless]:
T Hol 2AFEA w4Y F Ae
vl & [rough]
T e Adess Wl
= 1}#9 [friction force]
upzko] /-3
1. A&l [dry friction] = ZF w2 [Coulomb friction]
2. A w2 [fluid friction] =
8.1 AZmw}zHZ] [The Laws of Dry Friction] p.433
8.1A w}&A4 [Coefficients of Friction] p.434
A A w2 [static friction] (19 8.1b)
npgE F o= A5 W] 3 Pef HP S o]F = §
npgE o] H@t £, = N 29k [normal component of reaction]
p, - A WA S [coefficient of static friction]
$%nl 2 kinetic friction]
d Pt E, = 2HSHH, F (19 8.1¢)
w2y 37] F o= 50k A 4= [coefficient of kinetic friction]
nPEAE (G 8.1) A Ly M pe = 0.75 p, p.434
npzhe] whek ¢ glo] Whek (e Ewhek)ol whoHkgk
vl 7HA] ks (138 8.2)
1. A=W Wgke] 3lo] gls o
npzke oS P, =0 = F = SF=P - F=
2. AE5H Wk o] A7|7F A wpEE HojgtRo 23S o
¢Ad gl P <uN = F= SF=P, - F=
3. A=W Wk 3o A7 Ak Hdigle] =Ed o
=Ael7l Ad po=p N = F= LF=P, - F=
4. FEA W 3o A7 AxebEE Hdgks 249S o
o]F P, > u N = = SF=P, - F=
oAl 8.1 AAHHCl <1 E¢ [block] p.438
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o <AF 8.2> p.447
s g Beol FPYH JEAS WHAAL, ¢ = 35° o]m P = 200 N A wf rpR

4,
275k Wge el recall !
S; 6 = 35° a = 25° 1, = 0.20, e = 0.15 9?\ “""“#,:Q_Q(_J
ﬂ = = 35° — 25° = 1Q° J =015
P =200 N, W = 800 N ;

Ay /EE =0

U
=
I

= W cosa - P sinf
(800 N) cos25° - (200 N) sinl0° =

/'n/
P = - (0.20)(690.3 N) = 138.06 N 6
NEF =0
a\

= F=-Wsina + P cosf
= —(800 N) sin25° + (200 N) cosl0° =

t

F,. <|F| =
o - vy W =
F = = (0.15)(690.3 N) = 103.54 N F =
R; T;
of <: A RS>
agoA RE HEHOAM mpRAFE 4, = 040, g, = 0.30 otk (a) AlolE AB7} 2HI}

Zol F-AHAS W, (b) AolE AB7F AAFHANES wel diste], 30 kgo] EEe] ¥#o]7] A%
st 3 PE elhedEh 3
W, = (20 kg)(9.81 m/s?) =
W, = (30 kg)(9.81 m/s?) =

B 1SF, =0
> N = Wi+ W, = (196.2 N) + (294.3 N)
= 490.5 N
—>%F, =0 ;
> P=F=  =(0400490.5 N) = 196.20 N
P =
(@ 9 =9
12F, =0; = N, = W, =196.2 N
Fi = =(0400196.2 N) = 78.48 N ]
obe) ¢
1SF, =0 ;
= N, =N, + W, = (1962 N) + (294.3 N) = 490.5 N
F,= = (0.400490.5 N) = 196.2 N
>YF, =0 ;
> P=F+ F = (7848 N) +(196.2 N) = 274.68 N
P =
NAE)
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2

8.1B w}2&Z} [Angles of Friction]

o,
47 _r
o] R 4 ) tang = F N
N
F e IV
=3 17} _ - _ m s
] u}-2k7} ¢,, tang, tang N N
> Fy, N
+5u &7 ¢, tang, = — tang, = w N
Y 7kA Absk (1% 8.3) (¥ 8.4)
1. 59 W3ke] 3ol gls o
vy gle F=0 = ¢ =
2. A5 W 3o 7|7 AR Hgigteo 4S w
=29 8l F< u, N = ¢
3. A5 Wk 3o Ar7F AR Hdigte] =d o
#4017l A4 F= N > 6= = tan”'p,
4. A5 e 3o A7 Ak HAdigkes 249s 9
ol& F=mN = ¢ =
A A ZF[angle of repose] (18 8.4 ¢)
0 = ¢,
oA 8.2 AAH L A X &3 [support block]
of <nLAfol] S
89 o] 15 kg B2 AAAS ul@AS} 4, = 0.25 U o,
(a) 550 HFHLEHE FAst7] A P FHA,
(b) = A$e] 5 %S Fare l _
. 3 -7 ' B Y
S; W = (15 kg)(9.81 m/s”) = 147.15 N P
u, = 0.25
A = ¢y =
Pl A717F # M;
=
8 = = 90° - (30° + 14.04°)
= 45.96°
- g =
P =
= (147.15 N) sin45.96° = 105.78 N
= P =
R; T;

_44_
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8.1C A=xw}& EA [Problems Involving of Dry Friction] p.436
d. # 7] [wedge] (8.2A), YAl screw] (8.2B), A ¥H|o] ™ [journal bearing] (8.3A),
22 ~EH o] [thrust bearing] (8.3B), W} & [wheel rolling] (8.3C), 7]Al A4

WE -5 [belt transmission] (8.4), 7t A AL (9T

<FE 1> 7HelAE B A7), mpEA ISR = wj1e of B (19 8.5a)
Fol  AFEAE - HILAHY —
F < F, o4, F> F, o4, <dAHF 8.1-5>
<HrE 2> AEEY A7), EAVE 4ol g = A wpRA S gk (¥ 8.5b)

o] AfFrEAE - BT

<F8 3> AAwPEAS, EAVE 2oy & = 28 (238 8.5¢)

Zo]  AFEALE, vpEE o= — HPAgA -
dA 8.3 7|3 B A [bracket] p.440
o <A5F 8.26> p.449

24_0]7]' 6.5 m ?_] /\}D}F’,] AB7]’ j_aﬂﬂ]- 7E]'O] @}oﬂ 7]];]101 9\/]‘]-4_ ;gxlul_ig_ﬁ]z': /,L87]- v‘j_‘— @égﬂ_oﬂ
A e, BRel §AR AT p ol ALgE Toke

Sy wAoly & Fy = pusNy, Fp = p,Ng M;

Fp = p, Ny = p(u Ny = plN,
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8.2 #1712+ YA} [Wedges and Screws] (A=)

8.2A # 7] [Wedges]

8.2B Ay A}l [Square—Threaded Screws]

8.3 =, A, vlHAINAY vF [Friction on Axles, Disks, and Wheels]
8.3A A4 w|o|¥ 3} # ulF [Journal Bearings and Axle Friction]
8.3B 2HAE Ho]H 3} Y w& [Thrust Bearings and Disk Friction]

8.3C ®}# ul&3} ++E A3 [Wheel Friction and Rolling Resistance]

8.4 Wl1Ewn}z [Belt Friction]
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A9 ¥ 34

FUE

[Distributed Forces: Moments of Inertial

9.1 "% #AYEHE [Moments of Inertia of Areas]
pyee) £a 4 73
1. FA7F 943 2 #o] 25 (5.3~64) AW
2. ®Ho| &3l Bxstsd A4 (65.8~94) AW o
3. 349 #A BA9 AF (5.10~114) AW o
9 19 3 wEH oo WH A4 EE
BERe g9 o« WAL § A4 B
Fol kW) MAE o Fol Ba WA EE 3o
92 BEY o« y A4 (y: FozVE AR
wxdel g2 o Zol Bg WAe
Fol e Felo) BAE o Fo| pa WA
9.1A "3 9 2x RYE = Wz FAARWE
[Second Moment, or Moment of Inertia, of an Areal
(xFol] #3H) WA 49 23 RHE
1= [ras cf. 13 mUE @, =
(238 9.1)

of|1. B9 =43 [pure bending]
Ko oktto| A 7|7} i wbgko] wiglel F
J—x‘ﬂgi} - AF =ky AA y

Ak FAYRHE (

R =3SAF = R=/dF=k/ydA=O (v /
TEHEIEHE)S] A7)
M=/de=k/y dA =
I, 47
a2, (e ¥)9 A4 lhydrostatic pressure]
T2 Zold vl =7y
AF =p AA = yy A4 y SO RRE]

woll 7heli A= el =7

&

R =SAF = RIde=7fydA =

RdES] 7]

M=fde=7/y2dA=

_47_
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A

=

9.1B A& 23 W3 AARHE ZHA

p.488

[Determination of the Moment of Inertia of an Area by Integration]

r5ol #3 AX AL ERUNE I = /d[, = ny dA (29 9.3)
y=el " " " I = fdly = /ﬁ dA
of . AbZH ol WA A EHE (1% 9.4) p.489
dA = b dy dI, = y*dA =
h
]J[=fdg=fy2bdy= cf. A = bh
0
dA 9.1 A4¥ p.491
_ 1o -
L, = J5bh A bh
o <L Aol &>
- Yy T dx
A4 AEalel, g% B WA pYRAEe) <2 > k™ ga b
- // ’
yFol e WMA AYRANES Fajeh TN
z = ky? .
(2a, b) = 2a = kb® = k=
_ 2CL 3 N 3 _ b5 T
N TE Y £y T o 0 a 2
/3
~ 1Y ‘ ~ L )1
dl, = =3 2aacdac i dl, = = 5,7 dx
B B 2(11 b3 i B /- B f?a b 7/3
I, = fdlz = [; 52—xdm i I, = di, = . ) x' dx
_ V1 2]20 b’ 2 2l _ b [3 10/3]20_ 3 b 10/3 _ 10/3
S G|V, T T 29 ell = 2a)7# 1107 T 10 913173 [(20) "’
_ | _ 3 1 10/3 _ 410/3] 35 _
= i = 10 721/3 [(2) 1 ](I b =
9.1C SH#AAEHE [Polar Moment of Inertia] p.490
Jo = [+ aa s 0% WAAL 44 Abole] A (2% 9.6)
o,
TR RES} WA EES] 7]
2= 22+ yQ
J0=/r2dA=/(m2+y2)dA=fy2dA+ /xQdA
% 9.12 p.500
A 9.2 Ak p.492
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9.1D WA 3447 [Radius of Gyration of an Area] p.490
o WA EAEe] Wae] MEs o] ek A A
2 2 I
I, = y dA =k A k, = Vi (¥ 9.7 b)
I = 2dA =k* A k—i—y (2% 9.7 ¢)
y 7T = Ry y A a J.0 C
2 ) Jo
JO = T dA = kO A kO = A (1\—"/11:' 97 d)
3] A4 [radius of gyration] :
cf. =4 [centroid] :
of . APZbeH (1% 9.8) p.491
A = bh I Ly
3
1. .3
3bh h
kx = = T = cf. Yy = E
oAAl 9.3 A&l o ALt p.492
of <A RS>
a9 g WA pFo] Be BARAES HANAL oo
Yy =k ZE4, Yo = ky x1/4 Y
a
(a, b)olA
b b
= kl = E’ k2 = a1/4 /73|Ldy
N i
_ b _ £ b
Y1 BV = Ty = Ty~ Ty
a
Yy
— 1/4 —
Yo = a1/4 € = Lo = T
— — ‘1 1/4_L4 — él 5/4 l_5a
A b/v0 a1/4x a4x)dx b[5a1/4m 5ax )
S [fa L)
dl, = = y2 (951 ) dy
b b
_ 2@ 1/4 a 4 a  9/4 a ¢
1, = foy piY Hly)dy /0(b1/4y oY dy
— il 13/4 1_7b_(i’s l's)_
a[13 b1/4y 42/}0 a 13b 7b
15 5
k = - |2 " = \/2—5192 =
xTr iab 91
5



0.2 HPx A9 H3 W
[Parallel-Axis Theorem and Composite Areas] p.497

v (212 9.9)

7o) Fol B WA pyRdE
I S A= =(EA=([centroidal axis])ol] &3 WA AAAREHE
d: Q99 F3 EAF Aol
1= [y aa= [w+ar aa y o EAZoRNEe AE
=f(y’)2 dA + dey' dA + d2/dA
= 7 + 0 + d°A
k2 = - Ak =4k + A d*
o 9.2. ¥ A 3 U WA FARAE (29 9.10) p.498
1= iwﬁ I = + (nr?) o =
o 9.1. A+43 (29 9.8) p.490
1 3 - 2
I=5bh 7= - (bh)(;) =
o 9.3. 2Hzt8 (A #H=x) (1% 9.11) p.498
/= %b;ﬁ, 7 = (2 9.12) p.499

B. SR Ed os)A
JO = e_]c+ A d2
Jo © Aelel ARl A3 SHGEAE

Jo [centroid]o] T3 ZFAA W E

d 9o AHI B4l Ale] ]

Jo = %bh(bz +h?)

Jo = %bh(b2+h2) + bh{\/WJ _

(19 9.12)
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A EHUE [Moments of Inertia of Composite Areas] p.498

o. 18 Z, HY % (AR 9.1)
I=1 + I +
oA 9.4 18 7% p.b02
dA 9.5 74 (EE &9 HA) p.503
o <AL 9.35 FA> p.510
gyt 22 WA p ® yFHel e AEAES ekt y
x5 3 AT E : !
@ [:r,l = i i
@ I, = l i v
_ — 4 _ T 4 o4 _ _ T 4
I, = 2 a g g (2 4)(1
y=ol g APdRdHE
@ [yl = _]yl +A1§12 =
_ 14124_“} 12( fﬂ)2_(£_i 8 i)4_
@ Iy g 2“(3w) 5y |20 3o s or T3 T on
_ 1&12&1 12(_ﬂ)2_(1_i T4 1)4:
® Ly g4 ¢ 37r) 2 ¢ 3 s or T2 37T or)8
Iy= =6 a* - 4.01 a* - 0.630 o =
AL
9.3 A EHES W3 [Transformation of Moments of Inertia]
9.3A #AF [Product of Inertial p.516
L,= [zy dA L,=1,+ zyA
oA 9.6 2747+ p.520
9.3B FH#AEHES = [Principal Axes and Principal Moments on Inertia]
(A=)
¥4 BAAEHAEN 3 Fo}Y [Mohr's Circle for Moments of Inertial
(A=)
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JEHE [Mass Moments of Inertia]

2 = ma AT M=1Ia I:
9.5A @A AARHE [Moment of Inertia of a Simple Mass] p.533
A5 BAHRAE = S WA 7]y & o A
cf. (A=HAAF = AX &S " " "
v A Am, 3| 1F3] A r (1% 9.20)
AM =71 AF =r (Ama) =r Am (r @) = 1> Am « =  AI=1r% Am
I=3r"Am = I= /7'2dm el
FAuFo #3 A AARAE (18 9.21) p.534
L= /(y2+z2)dm [y = f(22+x2)dm I = /(z2+y2)dm
3) vk [radius of gyration] k&
I=km = k=
AA 9.9 7h= & lslender rod] p.539
dr _ m
dm = mT = L d
L 31L
1, /0 7 dx 7 [ 3 L

90.5B AF AARHE O3 F= A

[Parallel-Axis Theorem for Mass Moments of Inertial p.534

o O{N
Jul
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=4
D
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(@)
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=,
tlo
X
I
rr
o
2
=)
ro
)
ol
=)
ox,
b
=,
[

(¥ 9.23)

(13 9.22)
— —92 —9 - —2 —2
I, =1, + m (z"+z") L =1,+mz +y)

d. B[rod] (A 9.9 A=)
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9.5C ¢k2 #o] AAEWE [Moments of Inertia of Thin Plates] p.536

H oo e yEF(EE F)o] #A3F AAARUE (29 9.24a,b)
IyZpt/ZQdA — IyZ/(x2+22)dm,x= , dm =
=pt Jarea
y

= pt I '9.5D 32k A9 EvlE'Y %= a3
Hell 72 pFHol #3 BAYRAUE (29 9.240)
[l=pt/(y2+22) dA «— [I=/(y2+22)dm, dm = pt dA
= pt Jgrea (9.4%% Jgrea = ]yarea + [Zarea)
=14, t L
AyZhsd $H[rectangular plate] axb (719 9.25)
m =ptab
I, = pt ™ = = L (ptab)p? = = mp?
4 Yy 12 12
L = pt 7% = =L(tab)a2=Lma2
z p z 12 p 12
I, = = Lm (a® + b%)
v 12
A& G A [circular plate] WAE p (29 9.26)
_ 2
m = pnwrit
I = t Jarea — _l( 2t)2_l 2
L =P h = = g lemrt)rt = rmr
I = ]y = %mr
I, = = %mrQ
a9 9.28 p.538

Z
— 1 9
b J 1, = 12 mb
- 1
a - = 2
B 12 ma
Zo] qfl Wol 3}
5 -2 b\* _
1, Iy + m - tom (5) -
o] pl Wel #3sho
- . 2
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9.5D (&) 23 3x1¢Y =49 FARHE ZH p.537

[Determination of the Moment of Inertia of a Three—Dimensional Body by Integration]

[=,0fr2dV - ]=/r2dm, dm =
oA 9.10 A2 715 [rectangular prism] p.539
m =pabc dm = d]zr=1—12b2dm
dI = = (L ) dm o= (R0 ) pbe da
12 12 P
L —/d[ —/ (—b2+ %) pbe do = pabc(—bz iiaz)
1 5 1 5 m 2 2 1 1 2
= _ + — = — + = — —
m(12b Sa) 12(4@ b*) ( 3ma+12mb)
FTA Fe #3 BPEHE
2
m 2 9 a 2 2 1 2 2
= = — —+ — — = — + = — _
I gt 1) m(2 @ W) (= oma )
d. 3 AA (I3, d7F, 9, ) (13 9.27) p.537
A .4 dm=p7rr2dx
_ 1 5 1, _ 2
dl, 5 7 dm dl 17 dm dlr, i dm
d]y = d[y + 2% dm (=7 + 2% dm
dI = dI, = (—r° + 2% dm
oA 9.11 Y¥[circular cone] p.540
dl <A 9. 119> p.546
A7)%e 2Fol BE AP WAEAEES (A4 HRow) ol DL Agar], AFe mo
= 7Hg e
m=pV= pﬂ'aQL % Y
dm =
L
dl, = “h 2\
1 1 e
= —a>dm + 2° dm = |—d + 2*| = dx < L R
= ~
- _ _,m 21 5 / >/ .
I = L/ ( a+z)dx ZL/O (4 dx - .' .;\
_ m (1.1 12)
- 27 (4" 2 T 378
W Sl #g BPAEUE
I = = l%m(?)(f + L) + —mL® =
4 Fo B3 AREHME [ = (29 9.28)
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9.5E E3EAH 9 AAEHE [Moments of Inertia of Composite Bodies]
I=1 + I + -

p.b37
dlA] 9.12 rectangular prism and two cylinders p.b41l
A 9.13 three—-dimensional thin plate p.542
AF
0.6 A% AAARAES F7} /d
[Additional Concepts of Mass Moments of Inertia] p.553

[Mass Products of Inertial

9.6B %3 FAAHEHE [Principal Axes and Principal Moments of Inertial
(A=)

9.6C o B BA FH3} FRARAE

[Principal Axes and Moments of Inertia for a Body of Arbitrary Shape]
(A=)
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o

A10% 73 9] "W [Method of Virtual Work] ( skip )
A & [Introduction]

*10.1 7] W5 [Basic Method]

10.1A 337} o [Work of a Force]

10.1B 7149 998 [Principle of Virtual Work]

10.1C 71dd <] d2l9 &8 [Applying the Principle of Virtual Work]

10.1D AA 71419 933 && [Mechanical Efficiency of Real Machines]

x10.2 &, YRR, e+AHA [Work, Potential Energy, and Stability]
10.2A 39 = 33 A [Work of a Force during a Finite Displacement]
10.2B $9X9lJA] [Potential Energy]

10.2C $JAYx1¢+ HE [Potential Energy and Equilibrium]

10.2D H & o] otAJA [Stability of Equilibrium]
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