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(Physical Quantities)

(measured quantities)

(calculated quantities)

1-1



2-1

.(physical quantity)

Ya ¥mv®

(derived

(Systeme SI
(s)

(basic quantities)

.(1 N=1 kg.m/s?)

(SI units)

(m)

.quantities)

2-1

(standard unit)

(kg)

International)
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(length)

0 °C
0.023%
n n 1960
- 1,650,763.73
(86Kr)
1983
1/299,792,458
1-1 . 299,792,458
(mass)
( ) 12C

19

-1



2-1

1-1
(Time) -3

24 86,400

(133CS)

1-1 . 9,192,631,1770

2-1
3-1
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1-1

(s) Aaa 3l <l idl) (ylany (kg) Aamhall b Ji<l) (amy (m) dadal) A J)shY) G
5x10" 10* 2x10'

1.4x10" 7x10" 4x10°
1x10" 9%0* 7x10°
6x10° 6x10* 6.4x10°
3x10’ 7x10% 1.7x10°
9x10* 7x10! 9x10°
3x10° 1x107 1.7x10°
8x10™" 1x107% 1x107"°
1x107° 2x107% 1x10"
2x107" 9%x107 1x107"

3-1 2-1

1km/h:(1kmxloookﬂ)/(1hx3600%)=0.278m/s
m

(Dimensions)

(dimension)

(length)

21



3-1

[M] (mass) [T] (time)
[ ]
V =zr’h
[L] [L]? [VI=[LT*[L]
g v m E =1imv® + mgh
h
[M]
[L]/[T]
[L]/[T]?
[L] [L] [L] [L]
E]l=[M +M L]=[M +M
[E]=[ ][T]2 [ ][T]z[ = ][T]z [ ][T]2
s=1uy,t* +ut
) Vo t
Ya
Ya
LI 0P + i)

[L]

[VI=[L]

Yo

1-1

2-1
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23

[L]/[T]

[L]=[L][T]+[L]

(Significant figures) 4-1

16.3 cm + 0.1 cm
164 cm 16.2 cm
46 cm 4.4 cm 4.5 cm

5 3

4.5£0.1 cm 16.310.1 cm
.(16.3 cm)(4.5 cm)=73.35 cm?

.7.3x10! cm?
1.5kg 1500 ¢
1.50x10° kg 1.5x10° kg

1.5x107° 0.0015
1.50x10°°




5-1

105
.28.42 28.4 23.1+5.32
(Coordinate Systems) 5-1
( )
3 m - - -
4 m 7 m

(coordinate system)
(y-axis) - (x-axis)

- (z-axis) -

z=+4 m y=-7 m x=+3 m

24



.(1-1) (Cartesian
( )
(z-axis)
y
o )
( ) (y-axis)
(x-axis) (1-1)

(Vectors & Scalars)

75 kg

.(scalars)

.(vectors)

h N
>

(2-1)

(1-1) PQ=|PQ|=A=A

25

coordinates)

6-1

-5 °C



7-1

C B
1 cm
wa b
A
(4-1)
C
abc

ac =

.4 cm

\/a_b2 +E2 =5 cm

(Vectors Algebra)
B A
A=B
A ( 2-1)
D C
( 2-1)
Cc--D
()
A
A
.(3-1)
40 km 30 km
(4-1)
30 km
3cm A
40 km
A A
(4-1)

7-1

3-1

10 km

.A+B
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A .50 km 5 cm c

abc

tang = 2€ _133 = 9=53°

ab
(2-1) A+B=B+A
30 km 40 km
R
(5-1) (resultant)
C+D
(5-1)
(3-1) A-B=A+(-B)
A -B B -B
A (7-1) .(6-1)
A B A
B
= C=A+B B
(6-1) : -D-B-A D=-A-B
B A
(cosine law)
2 2
c A D ¢ =A%+ B2 + 2ABcosO,p
c 1/ 6 B A Ou
BV B L4
B A
8-1) ©

27




7-1

(sine law)
(5-1) 2 . 5 . °©
sina sinf siny
.(8-1) y B«
4-1
6=120° B=6 A=7 (9-1) D=A-B C=A+B
C C=A+B

(4-1)

c= \/(7)2 +(6)? +2(7)(6)cos 120° = 6.6

:(5-1)

7 6 6.6

sinag sinf sin60°

(9-1)
sinf=0.79 = p=52°
(9-1) D=A-B
D = \/(7)2 +(6)” +2(7)(6)cos 60° =11.3
D
7 6 113
sing; sinf, sin60°
sina; =0.54 = a; =32°
( )
Cy, Cx C

(6-1) c=cC,+C,




(10-1) Cy OCx

C, =Ccosf <« cosé :?x
(7-1) c
Cy =Csinf <« sind =7
C
.(y-component) cy (x-component) Cx
(10-1) C
(8-1) C=4C2+C2
Cy
(9-1) tanf = —
Cx
Yy
. C (8-1) oy 0x
Cyl\ ‘
(7-1)
0 o (9-1) (8-1)
Sz .(orthogonal coordinate system)
(10-1)
5-1
ox (11-1) v
E
6=30° 7 oy
» X
P Vi g \a \% ( )
s
S b 0 =180°+30° =210°
(7-1
(11-1) (71

V,=Vcos@=7cos210°=-6.1
V,=Vsinfd=7sin210°=-3.5
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7-1

(7-1)
\' ( )
abc ab (11-1)
Ve =ab=7cos30°=6.1
V,=-6.1
oy Vv
abc bc (11-1)
Vy =bc =7sin30° = 3.5
Vy =-3.5
B A
A=A, +A,
B=B, +By,
C
C=(A,+A,)+(B, +By)
(10-1) C=(A,+B,)+(A, +B,)




C,=A, +B
(11-1) Cx-Ax .Bx
y =48y T by
oxXyz (
oy ox
0z oy
ox 0z
(12-1)
) ( )
15
( ) (
A B n
(12-1) B-rnA
n B A n

31

(V4

oy ox
90°
90°
A
)

90°

(12-1)



7-1

.0Z 0Y O0X
i
(6-1) Cx
(13-1) C,=Cid
Cx Cx Cx
45 cx:_4‘5i
.0X (unit vector) i
k oy J
0z o0y ox D 0z
(14-1) D=D,i+Dyj+D,k
:(scalar or dot product) ( )
B A
(15-1) AB=c
c
(16-1) c=ABcosb,,
B A B A OaB
(16-1) (15-1)
(17-1) A-B = ABcosd,,




A Acoséb,, A B Bcos0,,

(13-1)

A-B=B-A

6-1

ki() k() ij () kk () ) ii()

(17-1)
ii=1icosg,
=0 1=1
ii=1
(19-1) ii=jj=kk=1
(17-1)
icj=1cos by =(1)(1)cos90°=0
(20-1) i.j=jk=ki=0
7-1
R<R R=Ri+Rj+Rk
R

R‘-R=(Ri+R,j+RKk).(Ri+ R j+RK)

33




7-1

RR = R2(i4) + R2(j-j) + R (k)
2R R, (i-j) + 2R, R, (j-k) + 2R, R, (k-i)

(20-1) (19-1)
(21-1) RR=R;+R:+R, =RRcos0° =R’
(22-1) R=R+R’+R’
i R ox R

iR = R (i+)+ R, (i-j) + R, (i-k) = iR cos .

(1-20) (1-19) =1 R
R
cos Op, = ?x
23-1 O, — 8
- cos =—
( ) Ry R
R
cosOp, = ?z
4 IB a QRZ eRy aRx
(24-1) cosza+c032ﬂ+c032y=1

(direction cosines)

B A (21-1)

(25-1) A-B=ABcosd,, =AB, + AB,+AB,

GRx
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8-1

B-=i-j+k A=2i+6j-3k

(25-1)
A-B = (2)(1) + (6)(~1) + (~3)(1) =—7 = ABcos 6,
A={22 +(6)2 +(-3)2 =7
B= 1) +(-17 + (1) =1.7
cosb,; = AB_ -0.58 = 6,;,=125°
AB
 (vector or cross product) ( )
B A
(26-1) AxB=C
(27-1) C = ABsiné,,
( ) A
) (
C B A (14-1) ( ) C
0z oYy ox
(27-1) (26-1)
(28-1) |AxB| = ABsinfp
(29-1) AxB=-BxA

35
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7-1

BxA
/ o
\‘\c
(14-1) A=A i+A j+Ak
B=B,i+B,j+B,k
i j k
(30-1) AxB=|A, A, A
B, B, B,
(31-1) AxB=(A,B, —A,B,)i+(A,B, —A.B,)j+(AB, - A B, )k
9-1
kxi () jxk () ixj() kxk () ixi () ixi ()
(26-1)
lixi|=iisin0°=0
ixi=jxj=kxk=0
(32-1) RxR=0

ixj

lixj|=isin90° =1

36




ixj

.0z 0y Ox i J
k
(33-1) kxi-j jxk =i ixj-k
(33-1)
(34-1) ixk=-j kxj=-1 jxi=-k

_iJx ik

y (15-1)
(15-1)
.(15-1)
10-1
() 6r () 7=RxF () F=-3i+j-5k R=2i-4j+k
R
(31-1)

r=RxF=(20-1)i+(3-(-10)j+(2-(-12)k = 19i + 13j + 14k

F R
|t| = |R x F| = RF sin 6,

R:JR%+R§+R§:46

F=¢f+fﬁ+F§=59

37
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8-1
T= w/r% +T§ +T§ =26.9

sin 6, =é“ 099 = 0, =82°

(23-1) R ()
Ry .
cosOp, = = -0.87 = 0g, =150
(Unit Vector) 8-1

A=A i+A j+Ak

(35.1) a_A_Axi+ij+Azk

A \/A§+A§+A§

11-1
.R=3i-j+4k
(35-1)
r:5:3i—j+4j: 3 . 1 i+ 4 Kk
R Jo+1+16 26 26" 426
R r
12-1
B A (cosine law)
c= \/AQ +B? +2ABcos 0,
.B A OaB
C=A+B
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cc=(A+B)A+B)=A.A+A.B+B.A+B.B

(17-1)
c¢®*=A”+B? +2ABcos,,
c= \/AQ +B? +2ABcos 0,
13-1

(sine law)

A B C

sina sinf siny

.(15-1) y f «

B C=A+B

CBsina = ABsiny

A C

sina siny

A C=A+B
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8-1

2-1
(m) (Length) -
1 Fermi 1F 10" m
1 Angstrom 1A 10" m
1 nanometer | 1 nm 10° m
1 micrometer | 1 uym 10°m
1 millimeter 1 mm 10° m
1 centimeter 1 cm 102 m
1 kilometer 1 km 107 m
(kg) (Mass) -
1 microgram | 1 ug 10”7 kg
1 milligram 1 mg 10° kg
1 gram lg 10 kg
1 ton 1t 10" kg
(s) (Time) -
1 picosecond 1 ps 107"
1 nanosecond 1 ns 107
1 microsecond | 1 us 10°¢
1 millisecond 1 ms 107
1 minute 1 min 60
1 hour l1h 3600
3-1
10"* | 10” | 10" | 10® | 10 | 10’ | 10| 10° | 10° | 107 | 107"
T G M k d C m u n p F




A+B=B+A

c= \/A2 +B? +2ABcos 8,

A B _C
sina sinf siny
A=A di+A j+Ak A

A=A+ A2 + A
cosf, =A, /A n

A.B=ABcos#f,,

|AxB| = ABsin6,,

a=A/A A a
.1 g/cm3 1-1
.70 km/h 2-1
b a x =at? - bt> 3-1
.b a
C=-2i+3j B=-5i-12j A=3i-4j 4-1
0z oy ox (2,-2,4) 5-1
30° 100 m 50 m 6-1
150 m
.( 16-1) 7-1
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8-1

( 16-1) B A 9-1
( 16-1) CBA 10-1
YT Aug) Ya B(300) a
B(9.5) B(20) A(200)
30
3300 < 7 > X E 807 » X
Caay . A® 53°
g C(155)
() () ()
(16-1)
( ) m (17-1) 11-1
.0Y 0OX oy ox
yAL YAL y
B(10
(10) N P
X
05°
A(S5)
S » X 0 ¥ » X
() O
(17-1)
( 17-1) B A 12-1
.B=1i-2j A=2i+3j D C D=A-B C=A+B 13-1
10 km 30 km 20 km 14-1
( 37° 5 ) M 15-1
53° 5 N
N

42



B 60° 2 A 16-1

A-B A+B . 60° 4
B-A
oy ox B=-4i+3j A=3i+4j 17-1

A-B A+B

6 10 18-1

30°
.B=-i+3j-2k A=3i+4j 19-1
B=0.5i+4.5j A=3.2i+1.6j 20-1
Xy A C
A=3i-2j+k Ax(BxC) ABxC) Ax(B+C) AB+C) 21-1

C=2i-3j B =4k
A=5i+4j-06k 0z A-B+C 22-1
C=4i+3j+2k B=-2i+2j+3k

() () .B=i-2j A=2i+3j 23-1
A-B A+B
AxB (). AB ()
B A 24-1
.AxB
A 25-1
.AxB . 30° B
0z A=3i+j-4k 26-1
B=i+2j-3k A=i+2j+3k 27-1
B=i-2j+3k A=2i+3j+4k 28-1
60° 6B 10 A BxA A.B 29-1
(ixj)xk ix(jxk) 30-1
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.B A A (AxB)=0 31-1
32-1
)C B A A.BxC)=(A.B)xC 33-1
(
B = 6i A=3i+3j 34-1
A.B
oy 63° yz A 35-1
ox 48° Xz B
.1.4 3.2 AxB AB
AxB B A 36-1
B=C AxB=AxC A.B=A.C 37-1

AxB=AxC A.B=A.C

aly) slale (1

(850 236 )

) "algorism"
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(Kinematics)

1-2
) ( )
(path)
(position)
(velocity)
.(acceleration)



2-2

.(kinematics)
(dynamics)
(inertial frame of reference)
(initial conditions)
( )
(position vector)
(Average Velocity) 2-2
50 200 km
.km/h
200 km
(average velocity) .(average speed)
( ) p
) (1-2)
A ((origin)
t I
b I B
(1-2) B A (displacement)
(1-2) Ar =1y — 1y

46



(2-2)

(3-2)

80

/[ 24.4

47

At =ty —t;

B A

vav

_Ar _1y-1
At ty -t

(1-2)

(m/s)

11-2

km/h

3x10°®
3.4x10?
4.0x10"
1.1x10*
9.6 x10°
6.3x10°
7.5%x10°
2.0x10°
1.02x10'

Ar



2-2

(2-2)
y3§ K L b
Y2 o
4 fh |Ar|=|r2—r1|=y2—y1:h
Y1 v
I3 Ymax
b ) T
y
(2-2) |AT] = |1, — 1| = Y,
|Ar| =0
( )
) : Ymax /At
(
)
(
( )
(3-2)

( )

p2 pi
O tl t2 t

(3-2) x=0

pip2 At=1t, -t Ax = x5 — X

Ax/At  (3-2)

48



-5 m/s +10 m/s
(Instantaneous Velocity)
Yy va
(4-2)
A B BH
Bl
Ar A
I
At
2 VB AB
o X
(4-2)
(4-2) v = lim Ar _dr
Ar—0 At dt
At—0
( )

Ar

(3-2)

3-2

49



3-2

0z oy ox

().

(5-2) v=uv,d+tv,j+v,k
dz dy dx
6_2 = — = — —_ —_—
(6-2) Ve T e AT YT e
x(t)=6t% —t+1
=0
() t=3s
x(0)=1 =0 s
(4-2)
dx
v=v, =—
dt
v(t) =12t -1
v(0)=-1m/s
1m/s
=3 s
v(3)=12(3)-1=4+35 m/s
( ) 35m/s
t=3s t=0s

s=Ax=x(3)-x(0)=51m

(4-2)

1-2

()

() =3s

t=0s

():

()

()

50




t=3s t=0s ()
U, :£:2:17 m/s
At 3
(4-2)
(7-2) r=[vdt
2-2
v v(t)=2+t’j- 3k
() =0 (). t m/s
t=0 Sm
() :
3m/s t=0 v(0) = -3k
( 0z )
(7-2) ()
r=[vdt=[[2t+t"j-3kldt = ’i+1t’j -3tk + ¢
(o
r=5Sim t=0
r c=51i
r=(t>+5)i+1t°j-3tk m
(Acceleration) 4-2
( )
(

51




4-2

(9-2)

(10-2)

(11-2)

(12-2)

(7-2)

z

ti (7-2)
Vo B t2
Av V-V
aav:_:—
At ty—t,
Av aav
.m/s?
a- i Av  dv d’r
At>0 At dt  dt?
0z oy ox
a=a,i+a,j+ak
_dv, d’z dv, d?%y _dv, d’x

P

= a =
dt dt> vooodt dt> dt dt?

v :Iadt

52



3-2
V(t)=3t+5 m/s

a=—=3m/s’
dt

x(t)=Juvdt=[(3t+5)dt =3t +5t+c

s=x(3)=x(0) = [2(3f +5(3) + ] - [2 (OF +5(0) + ¢] = 28.5 m

c
5-2
9.80 m/s?
(12-2)
(13-2) v=at+v,
=0 ( ) Vo
(7-2)
(14-2) r=1lat® +vyt+r,
=0 To

53




(15-2)

(16-2)

6-2

.0Zz 0y ox
- v, +0, S
UAB - 2 - t
t
Vo IXo

vo=3 jm/s ro=Sim

0x
oy
ox

X2

Vo =— =
Attt

Ax X, —Xx

6-2
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Xo>X1

X1>X0 ( )
-8 m/s -Sm/s
-4 m/s +6 m/s
(17-2) v:E
dt

(8-2)
AB B A
>t
° & t : C
(8-3)
4-2
() . t x x(t) =3t —4t% +¢°
() =4s t=0s () +=1,234s
t=4s t=2s
X
4 3 2 1 0 | #s)
12 o | -2 0 | 0 |xm)
t=4s t=0s

55




7-2

s=x(4)-x(0)=12-0=12m

t=4s t=2s ()
" :A_x:x(4)—x(2):12—(—2):7m
Y 4-2 2
(17-2) =3s ()

v(t):%:fﬂ—&f+3t2 = v(3)=6 m/s

7-2
(14-2) (13-2)
(18-2) v=at+v,
(19-2) x =1at® +vyt + x,
(20-2) v? —vg =2a(x - x,) = 2as
X X0 S
a : (18-2)
a#0
.(9-2) a
(9-2)
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5-2

.(10-2)
> vm/s)
A
> A
m EE O E@E, \E . & /
F 4 I ( B F o ) Y >
€+ ——— ¢——4¢— 1 (s)
¢ L
(10-2)
t=0
(A )
(B ) th b
(c ) b t
(D ) ts t (
F ) (E ) ta
(
6-2
200 m 30 m/s
.10 m/s
1 m/s?
X
(19-2) (11-2) 200+x
< x 7Qi-’:—<— 200 m 4(:4“:“;4?

57
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8-2

x+200 =1at? + 30t

x =10t

x =200 (m)

x=200+x=400 m
(20-2)

vP-v.=2as = v=10m/s

(Free Fall)
(Galileo Galilee 1564-1642)

)
(
(gravitational acceleration)
( ) 9.801 m/s?
g
a=-g
(20-2) (19-2) (18-2)

(21-2) v=-gt+v,
(22-2) y= —%gt2 +Uot + Yo

8-2

58




(23-2) v? =g =2(-g)ly - yo) = —2gs

.S=Y-1o
a=+g
7-2
Vo=5m/s
4%0 o S50 m
() . 5m/s
50 m ( )
'y=50
v )
(11-2) )
(
a=—g (11-2)
:Yo=0 vo=t5 m/s
()
(23-2)
v -v; =2(-9)ly-y,)= 0-25=2(-9.8)s = s=1.28 m
1(23-2) y=0 Yo=1.28 m

59




8-2

V-0 =2(-9)ly-y,)= v°-0=2(-9.8)(0-1.28) = v, =-5m/s
()
Yo=0
y=—50 m Vo=+5 m/s
(22-2)
y=-1tgt’+ut+y, = 0=1(-9.8)>+5t-50 = t=3.75s
tQ tl
.tttk
Sm/s t
v=—gt+vy, = 0=-98{+5 = ¢ =0.51s
y=—(50+1.28)=-51.28 m t
y=—-Ltgt’ +ut+y, = -51.28=-1(-9.8)t; +0+0 = t,=3.24s
t=t +t,=3.75s

427 965 - 354 )
( 1038

80

60



_Ar

vav_A_t

dr

v=—

dt

AV

oo = ar

dv d°r

a=—-=——

dt dt?
v=at+v,

_ 1,42

v? —v2 =2as

a=g9g
v=gt+u, ( )

2
Yy=5gt" +vot+yo

80 km/h
Sm/s

10 s 100 m

.2004 49.39 13 5000 m
5000 m
100 m/s
30 m

( ) 21,600 km/h

1.4x109



100 km/h 6-2

() .88 km/h
() 50 m
20 s
() .80s 10 s 100 m 7-2
()

4 m/s 8-2
( ) .2m/s
45° 60 km/h 9-2

50 20
30 m/s 2.4 s 18 m/s 10-2

( )
t=0 20 m/s 11-2
() .30 m/s
(). x
.1.8 s 1600 km/h 12-2
r=(t2+t)i+B3t-2)j- (2t -4tH)k 13-2
t=2's . t r
r = t°i+ 68— 2t°k 14-2
t

100 km/h 2.2's 15-2
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40 cm 16-2

50 km/h
40 m 100 km/h 17-2
0.4 s

( )
x x(t)=10t? -0.5t" +3 18-2

=3s t=2s () . t

()
v(t) =2t +3t% -1 19-2

t / v
20-2
.(12-2)

x=1m t=0

21-2
t x x(t) = 50t + 10t>
=3 s
22-2
.100 m 1m 0.1 m/s
( )
3x106 23-2
.4 cm m/s
20 m Sm/s 24-2
.1.5s 60 km/h 25-2

100km/h
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.15 s 600 m 26-2

1.2 m/s? 27-2

1100 m
.1.25 m/s? 5x10° m/s 28-2
15 m 50 m 29-2
1 m/s? 30-2

10 s S cm/s?
.5's
31-2
14 12 10 8 6 4 2 0 (s)

22 20 15 10 5 2 0 0 (m/s)

() : ()
.1 cm=2 m/s 1 cm=1 s

1 . (t,v)
.t=13s t=8s cm?
10 4 s 4 m/s? 32-2

8 m/s?
d 33-2
2m/s? 3 m/s?
d .75 m

.15 m/s 2's 60 m 34-2
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S m 10 m/s
.1 m/s? 40 m
15 m/s
0.7 s .5 m/s?
2m/s?
.10 m/s
30 30 km/h
.8 m/s?
0.75 s
UB VA B A
B a A
v, Vg <+2ad
.36 m
.380 m
() .90 m/s
()
.3s
23 (stunt)
().
() 100 m
140 cm
() 4s Im
()

65

35-2

36-2

37-2

38-2

39-2

40-2
41-2
42-2

43-2
44-2

45-2



10 m

3s
Sm/s 60 m
.12 m/s
() () .30m/s
6s
n
.a
.3 m/s
2m
29.4 m/s
20 m/s?
.15 m/s
m
1m

46-2

47-2
48-2

49-2
10 s
50-2

()

51-2
(n-1/2)g
52-2
53-2

54-2

1 kg 55-2

E =%mv2 +mgh

56-2
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(Plane Motion)

1-3

2-3

(1-3)

( Doy ( ) ox

67



(1-3)

(2-3)

(3-3)

2-3

r=xi+yj
v=v,i+v,j

a=a,i+ta,j

dy  _dx
Yoodt *odt
dv, d?y dv, d’x
Yooar g *odt dr?
1-3
a=1it+2j m/s? vo=3im/s
v=at+v,=(-i+2jt+3i=(-t+3)i+(2t)j m/s
r=1lat’ +v t+r, =1(-i+2j)t* +@Bi)t+0m
.1‘0=(0,O)
v(5)=-2i+10j m/s : t=5s
r(5)=2.5i + 25j m
(Projectile Motion) 3-3

68




(4-3) a

g=-gim/s’

(5-3) a, =-g a, =0
(6-3) UV, =a,t+vg5, =Vgy
Vy =a,t+vg, = —gt+Ug,

oy o0x

Voy UVox
( ) ()
-3 x=Lta,t? +vo,t+xo, =0, b+ Xo,
7-3
y = %aytz + ont + yo = —%th + voyt + yo
.(0,0) (%0, Yo)
(%
(2-3)

Ay h\ Cx Ux t
MA// N . 0
: xS > > > »
(2-3)
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3-3

oy

(2-3)

(3-3)

(8_3) on = UO COS 00
Voy = Vg Sinéb,
v=,v2+ vj

(9-3) v,
tanf = —

vx
Vy
Uy =—Glmax Vo =0
(10-3) ¢l UpSinG
g g

(6-3) (5-3)

Voy Uox

:(6-3)

. on

70



Ymax = 5 Itmax T Voytmax + Yo
2 2 2
Vo V5 sin“ @
29 29
(7-3)
(12_3) y = _(L)XQ +(tal’ll90)x+yo

2 2
2vg5 cos” 6,

y= ax® +bx+c
.(11-3) (3-3) 0

.(range)

1(12-3) Y=Yo AB (3-3)

(13-3) _ 2oxVoy 2v¢ sin @, cos 6, B vg sin 26,

2-3
1.5m 1m

() () .(4-3)
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3-3

(4-
A . V0=Vx
6=0 .Yo=1 m x=0 3)
Yo=1m Voy =0 oy =0
v
g ()
¢« x=1.5m P
Vyy Ve x=1.5m
(4-3) D (7-2) .y=0

x:voxt+xO :vot

Yy=-+gt’ +u,,t+y, =—-3gt> +1=0
w=3.3m/s t=0.45 s
(6-3) t ()
v, =0,, =3.3 m/s
v, =-gt+v,, =44 m/s

v=0v,i+v,j=3.3i-4.4jm/s

v=,vl+v. =5.5m/s

v _
tang=-Y - ~**_ 13 - g-_53°
3.3
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3-3
300 m

. 30° 20 m/s
o o B

A

Yo Ymax

c, (5-3)

(5-3)
x, =0, y, =300 m, v, =20 m/s, 6, =30°
98 2 o 2
y=—( 5 5 )x” + (tan 30°)x + 300 = -0.016x" + 0.58x + 300
2(20)" cos” 30°

(11-3)

2
— UOU

2g

T Yo 29

Yo =305.1m

Y=Yo

300 =-0.016x; +0.58x, +300 = x,=R=36.2m

1(12-3)  y=0

y=-0.016x>+0.58x+300=0 = x=156.2m

4-3
. 60°

y

¢ 3om ¥ 15 m 30 m

w () 63)

60° J ::
. > X
< R )
(6-3) Xo =Yo =0
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4-3

X, =30m, y=15m

15 = 2.8 )(30)? + (tan 60°)(30) + O

2vg cos? 60°

.0=21.8 m/s
(11-3)

v 2 .2
y =D, WSO g4,

(Uniform Circular Motion) 4-3

r (7-3)

(7-3)

B A At

aav
At At

(7-3) AV a
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ac AsS AB

(7-3) Av/At
Av bc 0
bac AOB abc OAB
AB _0A As _r
bc ac AV v
Av AS. . T
w =TT (A_t)(_)
Av/At At . .\
v As/At a
2
(14-9) o U
-
v? /T y .
o T (period)
. v
(15-3) T - 2xr
v
S (frequency)
1 v
16-3 1
| ! v T 2nzr
AHz=1sT (H) 1/s
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4-3

(angular velocity)

At AG
(17-3) ® = A0
At
.rad/s
rev/min
2r (rev)
rev/imin=2z/60 rad/s : 60 (min)
1)
At v
At (8-3) As =1A0
o=A0/At v =AS/At
V=rw
5-3
29.5
385,000

s=27R=27(385x10°)=2.4x10° m

T =29.5x24x3600=2.5x10° s

s 2.4x10°

v=—=2""""-9.6x10° m/s
T 2.5x10

v? (9.6x10%)
385x10°

=2.4x10° m/s>
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.(9-3)

(9-3)

(19-3)

(20-3)

(10-3)
P
rvo e
M
rpO
(o)
(11-3)
(21-3)
rrvy O
(22-3)
.M P

77

a=dv/dt (tangential acceleration)

a, =v’/r (central acceleration)

ar =a; +a,

_ [2, 2
ar =4af +a;

(Relative Velocity) 5-3
Sm/s
3 m/s
.(10-3)
5+3=8 m/s ( )
.5+(-3)=2 m/s
M P
(11-3) O
Ypo =Xpy +Tyo
rvo O P rro
M P
Vpeo =Vpy +Vyo
vey O M P VMO VPO



5-3

VPE

VWE

(12-3)

6-3
200 km/h
(12-3)
vwe=100 vew=200 j (km/h)
i (km/h)

Ve = Vpy + Ve =100i +200j km/h

Ups = (100F +(200)° =223 km/h

tan0=@ = 0 =63°
100

980

.( 1036

. 1500 -1100
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Cly :_g 5 ax :O
U, =U,, =V, Ccos b,
v, =—gt+v, =-gt+v,sing,
X =V, t+ X,
Y=—2gt* +v,,t+y,
2 2 .. 0
Voy U, sin” 6,
=—+Yy,=——+
ymax 29 yO 2g yo
R 205,00y _ 205 5in g, cos G,
g g
y=—(—9 )y +(tan g, )x + y,
2v; cos® 6,
a=v"/r
ro1_ 2
f v
w=A0/At
V=re
Voo = Ve + Vo
.6 s 25 m/s 90°
rO=O a:i—4.jm/s2
2s .3i+2jm/s
t r r=(6+2t%)i+(3-2t+3t%)j
t=2's
r=2t° -3tHi+(t* -2t +1)j
() t=1s () . t r

79

2-3
t=0

4-3



5.6i+7.1j m/s 3.6i-2.9jm/s 5-3

v,=6.3i-84jm/s 6-3
3m/s =3 A 7-3
B x=0
2
ox % 4 m/s? O

A B 0 .(13-3)

(13- =t 8-3
() () y=(&1)°
t=1s 5m/s ()

y=Asinowt  x=Acoswt 9-3
a=-i-0.5jm/s” =0 10-3

.V, =3im/s

30° 100 m/s h 11-3
1000 m
30 m/s 1m 12-3
x=20 m . 37°
.10 km 500 km/h 13-3
() .3m/s 1m 14-3
4.5 s 46 m 15-3
1m
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10 m 60 m 60°

100 m/s S0 m

1m
.45° 19.6 m/s
S5 m
.9.1m 7.61i+6.1j m/s
1/6
40 m
45°
.h
%Ji_ ' “\ Vo
30° 100 m/s 250 m

81

150 m/s

()

16-3

17-3

18-3

19-3

20-3
21-3

22-3

23-3

24-3

45°
25-3

26-3



37°
3m
4 m
(16-3) 30 m/s
75 m
.180 m 45°
87 km/h "
()
() .630 m/s
()
150 m
X X
.9.8728 m/s?
(17-3)
36 m
6.4 m

10 m/s

.(16-3)

.(15-3)
)
0.6 s
1 m
110 km/h
70 m
9.7967 m/s?
2 m
.(17-3)

27-3
AB
28-3

10 m/s
29-3

.30°
30-3
31-3

() .45°
32-3

700 m
33-3
34-3
35-3
2.4 m

36-3
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24 15 m

.10 m

4m/s 2m

0.6 m

2.4 m/s?

5x10°"' m

1/10

640 km
6400 km

.2's 60 cm

20 m/s 200 m

.1 m/s?

30 m

83

.9x10*” m/s’

48 cm

8 m/s?

37-3
1.5x101" m
38-3

39-3
1.5m
40-3

41-3

42-3

43-3

44-3

90°

45-3

98
46-3

47-3

48-3



300 km/h 49-3

100 km/h

30° 50-3

.10 m/s
.240 km/h 51-3

40 km 150 km
120 km/h
60 s (escalator) 52-3
90 s
.330 m/s 53-3
30m/s
.12 m/s 0.5 m/s 54-3
25 km/h 50° 10 km/h 55-3
10°

Sm/s 4 m/s 56-3
() .90 km/h 5 m 57-3

()
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(Dynamics)

1-4

(Johannes Kepler 1571-1630)

.(kinematics)

.(dynamics)

85



2-4

(mass)

(operational definition)

2-4

86



(force)

1 N=1 kg.m/s?

100 n n
(contact force)
.(action at a distance)
(1-4)
@ o0

(1-4)

(Newton’s First Law)

87

3-4

4-4



(1-4)

4-4

F,=0 = v=constant = a=0

.(static equilibrium)

.(s

(Fr=0)

a v Fr
.(equilibrium)
tatic equilibrium)
( )
(1-4) (@a=0)
1-4
.(2-4)
w+T +T, =
oy ox
(2-4)

T, cos45° =T,
T, sin45° = w

88




(Newton’s second Law) 5-4

( )
ar =0 F.#0
(2-4) a= Fr
m
(3-4) Fr =ma
(3-4) (2-4)
(2-4)

(dynamic definition)

(inertia)

((2-4)

89



6-4

2-4

20 m

x=1at® +vyt+x, = 8=1qa(2)

a=4m/s’

(Action & Reaction) : 6-4

Fio
.m n Fum Fio=—F>; F2
F21 Fio

(3-4)

90




(4-4)

(4-4)

91

.(4-4)

3-4

T=-T w=-w'

(3-4) Fr

(weight) w




7-4

( 5-4)

()

(surface reaction or normal force) N

(5-4)

( 54

() ()

92



93

45°

N
w
T
10 kg
2 m/s?
F+N+w=ma
(7-4) oy

0+0+ Fcos45°=ma

N -w+ Fsin45°=0

oy

(Tension) T -3

ox

F

4)

(7-4)

4-4

(7-4)




7-4

N F
N=78 N F=283N
.m Fcos45°
:Fcos45 P ma _ 983N
m cos 45°
(Friction)
.(8-4)
- (static friction)

(5-4) O<F <uN
(6-4) (F)max = 4N
pis N ( )

.(coefficient of static friction)

94




:(kinetic friction)

(7-4) Fy =y N
.(coefficient of kinetic friction) Mk
Mk Us
(7-4) (6-4)
F 2 kg
0.2 6N,4N,1N: F
0.1
(Fy)pax = 4N =pumg=4 N
1N
4 N 1N
4 N
4N 4 N
F = N =pmg=2N
2 N 6N

95

5-4

1N




8-4

F=40 N
.(9-4)

0.4

w+N+F+F, =ma

(9-4) oy

Fcos37°-F_=ma

N-w+ Fsin37°=0

UkN
g=10 m/s? )

6-4

5 kg

37°

Fx

ox

N=w-Fsin37°=50-40sin37°=26 N

F,=uN=10.4N

(40)cos 37°~10.4=5a = a=4.32 m/s”

.(10-4) (

8-4

96




w+N=ma

wsinfd = ma

wsiné
a =
m
.m
(8-4) a=gsiné
N =mgcosé

a=-gsiné

.(8-4)

97

wsin@

w=mg

(10-4)



8-4

(11-4)

w+N+F =0
oy 0x

wsinfd -F, =0

F, =wsing,

N -wcosf, =0 = N =wcos b,

(9-4) tand, = u,

65
65
[(12-4) Fx
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w+N+F, =ma

ox

wsind - F,

wsind-F =ma = a=
m

F. =N = wcosb

(10-4) a = g(siné@ — u; cos 6)

.(apparent weight)

99



8-4

m
(13-4)
w+ N=ma
:(13-4) ()
[ w N
W
a N .a ( )
T ( 13-4)
W
( 13-4) N -mg=ma
(11-4) w=N=w+ma=m(g+a)
w' >mg (a>0)
( )
w' =mg a=0
w' <mg a<0O
w-N=ma
(12-4) w=N=w-ma=m(g-a)

100



w' <mg a>0

w' >mg a<0
()
(12-4) (11-4)
( )
7-4
.850 N 70 kg

N-w=ma

w=N=850 N w=mg=686 N m=70 kg

a=2.3 m/s?

(Free Body Diagram) 9-4

(14-4)

101




9-4

my
my
T F
ma mi
W2 w, Y T
ma mi
(14-4)
N m2=3
N
mi+mo
F
Foi| L
W1 l
wWitwo
(15-4)

mi+mp

F+mg+N=ma

F=ma=(m, +m,)a

F

" (my +my)

=2 m/s’

W1+W) l ma | ¢ |

8-4
m;=2 kg
(15-4)
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N, Wo

Fo1 m my ) m

.My Fio
(Atwood Machine)
me ma
,
. T1= T2
FT=W1+W2

W, +wW, =(m +m,)a

103

Fi
Foi

9-4

(16-4)

m;+my




10-4

_F_mlg:mQ_ml

m, +m,

T-mg=ma

_ 2mm,
m, + m,

(17-4)

F-myg=(ma-mi)g

g
m m,

(Central Forces)

w=mg

F=myg

10-4

104




(13-4) F =ma, =mZ-

.(13-4) (central)
(18-4)
( 18—4).. |
( 18-4)
(13-4)
11-4
.(19-4) r

105




10-4

mv?/r
A
2 2
TA+mg:mUTA = TA:mUTA—mg
B
()
2 2
T,-mg=m-%2 = T,=m-—L2+mg
r
.T5>Ta UB>UA
12-4
v
(20-4)
Ny ( 20-4) 0

106




N

( 20-4)
v2
N,=Ncosf=mg N, =Nsinf=m—
-
2
tand = -
rg
(Gravity) 11-4
g w =mg
Foi
m Fi2
-
my
(21-4) mz m
r
G
(14-4) F=2Me
2
r
.G=6.67x10"" N.m’/kg” G
(21-4) m my m
Gmm
(15-4) F=——1"2r
-
( ) ma ( ) mu I

1798 (Henri Cavendish 1731-1810)
m (22-4)
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m M (fiber)

)
(
(22-4)
-1
m
<R M r
(23-4)
F::Gﬂ?n
r
-2
Q
m
.(24-4)
(244 12-4
m
mg

108



=Re

(17-4) Ir = Sk
R¢
Re Me
GM,
g= R’ =9.801 m/s”
13-4
1(16-4)
_aMm, Ir _ GM,
I=0 2 2R?
r?=2R> = r=J2R, =R, +h = h~0.4R,
h=2640 km R~=6370 km . h
(Kepler’s Laws) 13-4

(Nicolaus Copernicus 473-1543)
(Tyco Brahe 1546-1601)
777

109




13-4

(Johannes Kepler 1571-1630)

( )
¢ .(25-4)
25-4
a T
(18-4) T? < a®
a
GMm mv?
F = 5 =
a a
T S _ 2ra _ 2ra
1% v
(19-4) F A
GM
1-4
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14-4

1000 km
2
Fo G]\/.Qfm _mv 02 =
r r

r=R, +h=6370+1000 km =7370x10° m

o 6.67 x107"'N.m”/kg’)(5.98 x 10**kg) .

v="7.35x10° m/s

(7370 x10°m)
1-4
( ) | ( ) |( ( )

0.39 0.24 0.38 0.05 (Mercury)
0.72 0.61 0.95 0.82 (Venus)
1.00 1.00 1.00 1.00 (Earth)
1.52 1.88 0.53 0.11 (Mars)
5.20 11.85 10.97 317.70 (Jupitor)
9.56 29.63 9.18 94.98 (Saturn)
19.18 83.62 3.66 14.52 (Uranus)
30.08 165.40 3.47 17.22 | (Neptune)
39.50 247.78 0.47 0.02 (Pluto)

- - 0.27 0.01 (Moon)

- - 109.26 3.33x105 (Sun)
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10 N
(27-4)
(28-4)

(29-4)

135°
10N

Fs
(28-4)

1-4

2-4
F3
3-4
800 N

6 N

m

m

(27-4) Jsal)

112



113

.(30-4)

8N B

4 N A

0.25

(32-4)

1.5

(30-4)

(31-4)

500 g
9.8094 m/s?

9.7996 m/s?

5-4

8-4

9o-4
50 m



() .37° 65 kg 10-4

().

( ) ()

() .2 m/s2 40 kg 11-4
-3 m/s? 0.2 0.3
.30 N 15 kg 12-4
10
.24000 N 13-4
2000 kg
1/6
60 kg 14-4
1 kg 200 N 15-4
(-
15 ()
.Sm/s 10 kg 16-4
0.2
80 km/h 1000 kg 17-4
0.3
60 kg 18-4
425 N
o F 19-4
u F
30° 20-4
0.2
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37° 20 kg

() 0 -
600 2.5 m/s?
() .300 N ()
() .2 m/s2 5 kg
() 50N
2m
.20 m/s 37° 2 kg
() o3
(33-4)
7 m
(34-4)

mx=20 kg m=2 kg

(35-4)

(36-4)

21-4
300 N

()

22-4

()N

23-4

()

50 N

24-4

()

25-4

my 26-4

0.1
27-4
m;= m2=4O kg

()

() 28-4

my=2 kg mi=3 kg

()

2 kg

, @A
3
N
72}
3

(36-4)

115
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m (37-4) 29-4
mo=1kg m=10 kg

e mx=8 kg m;=4 kg 30-4
(37-4) . (38-4)
my 0.25 my
my
0.5
m (39-4) mi=10 kg 31-4
- mz=40 kg my m .100 N
mo 0.4
(40-4) my=10 kg 32-4
m;=5 kg
0.2
m .a (41-4) A 33-4
mo m
i 2.5 m/s? mo (42-4) F 34-4
(40-4) 0.6

mx=10kg mi=6kg 0.4
(43-4) 35-4
mx=0.8 kg m=0.2 kg
( 43-4) m3=0.2 kg m

(44-4) 36-4
mx=100 kg m;=50 kg

37° 53°

(43-4) (43-4)
116



() 155 rev/min 37-4

() 2 m
0.1 kg
20 cm 0.2 kg 38-4
0.2's
I m 39-4
500 N 1 m 1 kg 40-4
650 km/h 90 kg 41-4
( 9) 79
2 1m 0.1 kg 42-4
() . 30° m/s
()
()
4 kg 43-4
(45-4) 1.25 m
() -
60 N
200 m 44-4
.15 m/s
30 m/s
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600 kg 0.15 m 1 kg
.0.25 m 800 kg

P 8rpGmh /3

3.85x10% km 27.3

500 km
2.1 m/s?
160 km

m;=2 kg
() .4,00 me=4 kg (2,0

()

1.52

45-4

0.2m
46-4
1.5x10%8 m
47-4

48-4

49-4

100 km

50-4

51-4

m2=3 kg

52-4
() 53-4

() () 100 kg

8 km/h

0.25 3.5 kg
10°
30°

() 85km/h
60 m

54-4

() .0.1

()
() 55-4
100 m
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3.5 kg

40° IS N 0.25
.(46-4)
S5 kg
50 N () .(47-4) 50 N
- ()
() 4 m/s

(47-4)

0.3
37° 2 kg
(48-4) .(48-4)
0 0.2
F1.2m m=50 kg
; () -(49-4) =25 cm
cm—— &
m S cm 100 g
(49-4) () . 3.14 s
() ()
10 cm
20 km
d m
o, R
(50-4) (50-4)

119

56-4

57-4
37°

0.4

58-4

59-4

60-4

61-4

62-4



m
m (51-4)
M (52-4)
()
(51-4) P
o B
)
1200 20 kg
15 m
(52-4) 600 N

63-4

() 64-4

.F =2GMmR/r?
() .(tidal force)

65-4
960 N
N
66-4
360 N
10 m/s

( 854 250-925 313)
.Rhazes
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onaldl J=ill

apllily Jaall

(Work & Energy)

gl 1-5
G # Alass S5 Laie 4 Laa gy calual) & jam 13y (oS dalud) Jpadl) 8 Ly
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(AU aaa) M my ey Jesi )

B ikl ) A G (e o sSall e lods 2 Kg 43S ana (3154 42-5
lelasd (20-5) JSilly masall ookl G all (g Al ¢ 5l e
(19-5) Jeal  -C e il oaal ) el o 45 a i & 4 m/s e e
Caai IS 13 @Y1 Gkl 5 awadl G <Y Jalasle (1)
sl e ailaal Jadll L (<) Sh=1 m g ial ¢ 3adl ki
EPVN PR R

poasdl A Gl e mosmea AS G136 43-5
6 Soal gl L (1) A xie oSl e les (21-5) J<all
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djLAA} uJ‘)LeE

v ABSU 48 5a) Gkl Lo (<) €B e m ) e

A @m c ‘B
R Y o Aal Alad 8 A dkill pls ) Ji L 44-5

SR = fC e ALK
J ‘ Llss 8 gl 1 alsha m oy sy AES Cind 45-5

L .(22-5) U< b LS el i 5 b (5 setl 5 3
fdaie bl 4 2l Loy B 4kl die A1) de
By 8 A Ald 4 om S s 4 op 465
Tp —Te = 6mg 4 k<

) Ao g dpiladl 5 58 pia g Al

de Y1 g3 L) (a1 gl (e a8 3l 47-5
(22-5) sl ) i g5 ) el e .10 km/s

500 km oyl Caai (S & o <Y de ule (1) 48-5

s e il 4838 a)) Joa gl el Lo (@) €3 m/s? dadan e dpdlall gl
1 km/s 4l 5 de jun S S 12a

S A8ES) Lo (1) gz ,Y) AES (e 0.11 43S 5 3450 km gy pall Lk s i1y 49-5
COUY) Ao jule (7) S pha o Bl ¢ luale (@) SomoY) pe AL sl
45

5 Mu=0.2 kg OIS o de snge m=1 kg ALS Lol aads 3 4pilal) 5 6l 50-5
L (z) fm gy d8ale () $228) e 8 cm g SN e 4 em e Cusy mp=0.8 kg
ez sall Gy & m sl o DU Jacl

5 (0.5, 1)x =20 kg Cusy xy s 3 S CD pinses dad asd 515
e 53l 4uiad 5 8k (1) .(0,0,-0.5) xie ma=60 kg 5 (-1,0,-1) v mp=40 kg
Canall 138 pon g Ailale () Slasall die & gun 50 20 kg 435S o

gl e 5 km/s 4ic pu juait oY) i g V) mhs (e elia jd 31k} 52-5
fum ) el i ge tie dic ey Joass gl s I Llai 02585 2diy Laxic 100 km
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Bl 5 sl 2 aelad) Jadl

e ule (1) LSl 0 Tens Lagaans (30 1010 m ans e LG Jlead il 53-5
Lol of J8 Legie S 3o jule (9) Slageany 025x107 m Jany ledie Legia JS
5 il

olaily 3as) 5 S @l ja Ladie Legainny (0 e 2ny e M 5 m Sl GUES o1& 54-5
Ladie 5 AU Ay saals JS de o of op o legan dndlad 38 il can o &Y
2GM+M)/d b lagars (e d 32 e o) juai

3l

leilans daglia (5 8l dnala 65 km/h 44l de puw 4@ 5k o 3 Lu i 55-5
Slgnny 523 5y ol (o Aelual) 8 Aailial) Al Jaxals .500 N

0.32 W idaws i 5,08 2l g aglayy Adidl) 4850 a5 il o jae Joriy b o 58 56-5
4 m/s Ao sie Aoy b il et Cusy 2.4 km Ll g dy Al Ay el Al ) s
eila ) oda DA Lkl Lelay ) 43l L

Aol 5 30 m 4cliijl oLy xhad 3000 N L5 dndd diajle Jlee 4D #d » 57-5
200 W Jele S5 508 il 13 A jlall @iyl o DU a3l Lo o din 55 S5 (e Al Aadl
$70% 4xdl 1 353 ya g

L () .10 m gl L)) 1800 kg 4iS aeias o8 )} 10 kW 45,8 & jau Jasins) 58-5
Caniaall wi )l o DU a3l Lo () 960% 353 3a OIS 1Y &l Jak

e 1o 100 km/h Gl g38Y) de ul Jesil 10 s 2% DC-3 3l G it 59-5
11,000 km S )l po L€ calS 13 5 sl & yae Lgglany 3 55080 Jaus gicla . ¢y oS
53 s e 8 4y 5 Alle duia ()i e 300 kg S 4 e las 23 60-5
Jaaa S 13 A jall LS o (S Ao pw ST L .(745.7 W) 1aal, Ulas Jolad
Llal doglid lasll Ly ) daflal) 2800 Ly 0.12 (oY1 Gns Leiy Sl
ellSiaY)
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(Motion of System of Particles)

(center of mass)

(1-6)

(2-6)

(translational )

(2-6)

(2-6)

1-6



2-6

C
(center of mass)
2-6
( )
)
y X1 my m (
mi mo X2
X
x1 cm. Xz .(3-6)
(3-6)
(1-6) Ko, = ATTNE _ Ly 4 my )
m; +m,
1-6
3m mx=4 kg mi=1 kg
)
x1=0 my (
(1-6) X=3 m

myx, +myx, _ (2 kg)(0)+ (4 kg)(3 m) _

2 m

my +m, 6 kg

.my 2m

156




3-6

ms ... mMmp mm (1'6)

.(4-6) e I3 I r
mr +myx, +--- 1 1 &

2-6 R =—1 272 =—(mr, +myr, +--)=— ) mr,
( ) c.m. m1+m2+“. M(ml 1 272 ) M;

(3-6)

(4-6)

2-6
ms=2 kg (0,2,1) mp=0.5kg (1,2,2) rm=1kg:
(2,-1,-2) mu=1.5kg (~1,0,0)

(3-6)
_MM+0.5(0)+2-1)+1.5(2) _ o,
em. = 14054215 1_ '
g - U@+052+20)+ 15 5
1+0.5+2+1.5
_U@2+050)+2(0)+1.5(2) _ .,
cm. — 1+0.5+2+1.5 '
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my=2 kg m=1 kg
y 5543
ms
.(5-6)
mo (5-6) oy
my X
0,0 (10,0) .(5,5v/3) (10,0)
(5-6)

_1(0)+ 2(10) + 3(5)
em. 1+2+3

~1(0)+2(0) + 3(5+/3)
em 1+2+3

=5.8 cm

=4.3 cm

mz=3 kg
10 cm
0x
(0,0)
(3-6)

4.3 cm (yc.m. ) msy m

(density)

r, =(x,Y;,2;) Ami

>
I
M=
=
3
®

0
3
~
I
LR

M=
>
3
g

i

(4-6)

<!
Il

N
I
M=z

o
3

(Am;)z;

3
R[~E[-x]~

...
Il
—

Ami

4-6
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Am;

(6-6)

(6-6)

(7-6)

(8-6)

(9-6)

159

(4-6)

dm
(4-6)
X, =L lim g(Am )x _LIde
cm. — M Ami—>0i=1 t L M 174
N
ch - MA}%}EO Eimml)yl B \j/ydm
1 .. N
Zc m. = MA}%:’EO igl(Ami )Zi - _‘J;de
M
P = 7
Am
_Am
AV
AV Am
_dm
P=av
c.m. :_ijdV
174
v - [ pyav
c.m. M pr
= oV
14




5-6

(6-6)
5-6
mn .. M3 Mo mm
I'n .. ¥3 Io | |
(2-6)
(10-6) MR, =mr +myr, +---+mrx,
M R, =m, s, +m, a, +etm, dr,
dt dt d dt
dRc.m. /dt = Vc.m. l dri /dt = Vi
(11-6) MV, =mv, +m,v,+---+mV,
((11-6)
M Ve, =m, dv, +m, LR +m, v,
dt dt d dt
av, /dt=a_, { dv./dt=a,
(12-6) Ma, 6 =ma, +m,a,+---+ma,
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l Fi = ml‘ai
(12-6)
(13_6) Mac‘m. = Fl + F2 toeee Tt Fn = (Fext )T
(Fext )T
{(13-6)
(14_6) (Fext )T = Mac.m.
y ms=3 kg mp=2 kg m=1 kg
20 N
0.2) o> (7-6)
10 N 4,1)
14N oo x
~——0
(-2,-2) 1
(7—6) Tem = M(mlrl +myx, + m3r3)

161




(15-6)

6-6
oy ox

Xem. = ¢[1(4)+2(0)+3(-2)] = -0.33 m

Yem = ¢[11)+2(2)+3(-2)] =-0.17 m

c.m.

6a, =0+10-14=-4 = a, =-0.67 m/s?
6a, =20+0-0=20 = a, =3.33 m/s”

Ao = ,/ai +a§ =3.40 m/s2

4y
tanf=—2-=-5 = 0~-79°

Q

(Linear Momentum)

p=mv

162




(quantity of motion)

P
kg.m/s
5-6
M . 10 m/s
60 kg
2 m/s
(8-6) (8-6)
B A (8-6)
p=mv
vMr=2 m/s uMT
Pyr =muyy =(60kg)(2m/s)=120kg.m/s
UTE umr
UME :vMT +UTE :2+10 :12 m/s
Pue =(060kg)(12m/s)=720kg.m/s
7-6

p=mv
d d
P~ 2 mw)
dt dt
m
d dv
—(mv)=m—=
d dt

163




7-6

(Fext )T ma
dp
16-6 F =—
( ) ( ext )T dt
(2-6)
M dRc.m. =m, drl dr2 drn

+m, +o+m
dt

dt dt

v, =dr; /dt = p; =mdr;/dt

(17—6) Pc.m. =Py tPy - +Py

(17-6)

dP
cm. _ dpl + dp2 T+t dpn
dt dt dt dt

i ( ) F, = dp, /dt

< —F,+F,+-+F

F,+F, +---+F
(26-6) (Fext)r

ch m
(17_6) (Fext)T = dt ;
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(18-6)

.(conservation of linear momentum)

(19-6)

165

(Fext )Tx = O -~ (Pcm )x =
(Fext )Ty = O = (}Dcm )y =
(Fext )Tz = O = (Pcm )z =

(17-6)

8-6



8-6

2m/s 8 kg
- \
< -
V2 6 m/s
<HES- 9
(8-6)
(8-6)
P( ) =P( )
P( )=Mv
P( ): mlvl + m2v2
Mv =mv, + m,v,
1
v, =—(Mv-m,v,)
m2
v
v, =-0.4m/s
1000 kg 1 m/s 70 kg
10 m

7-6

166




P=mv, +m,v,

Vo Mg
mv, +m,v, =0
ml
vV, =—V,
m2
m
Iy
v, =—u, =0.07m/s
mQ
10
v
V,=V+V, = V=V, -V,
2

v=Q_1+m,/m,v, =1.01m/s
10 m

s=vt = t=s/v=9.90s

167

Vi

U1




9-6

s'=v,t=(0.07m/s)(9.90s)=0.70m

.10 m

M t
(9-6)
.(v+Av)
Mv = (M - AM)({v + Av)+ (AM '
U!
(20-6) AM({ -v')= MAv
AMAv
u v’
) v+Av

vV'=@v+Av)-u

:(20-6)

AMu = M Av

168




(21-6)

(22-6)

(23-6)

(21-6)

(24-6)

169

At —> 0 At
B _ G
dt dt
R=dM /dt
a=dv/dt
Ru = Ma
Ru
(22-6) . T (thrust) Ru
T =Ma
M, M,
ud—M= dv
M
v, —v, =uln—Lt
2
8-6
. 450x10° kg
2800 m/s R=1.2x10° kg/s




T = Ru =(1.2x10° kg/s)(2800m/s) = 3.36 x 10° N

T=Ma = OL:%:7.47m/s2

2.5 kg 1-6

1.5m 2m
mi=1 kg 2-6
(3,4) ms=2 kg (3,0) my=1 kg (0,0)

3.6 m m=59 kg m;=73 kg 3-6

2.5 cm L 4-6
3.5 cm

3.8x108 m 5-6

170




6-6

171

20 m 40 m 7400 kg 7-6
1400 kg
L 8-6
L 9-6
U 10-6
(10-6) 11-6
(11-6) 12-6
20 em
60 cm
(12-6) (11-6)
1.6x107°J 13-6
y (12-6) 14-6
16 N
4 kg
0,2) o—> I
SON  e8ke ma=m;=35 kg 15-6
@,1) . ‘ o
(3.2) oy * vo=—20i+14j m/s wvi=12i-j m/s
N my=0.3 kg m=0.1 kg 16-6
(12-6) 0.0l N
ma m () ()
1m



816 kg 17-6

16 km/h 2650 kg
ti=ls F=26i—-12%j N 1 kg 18-6
=3 s
30 m/s 145 g 19-6
45°
.50 km/h 40 km/h 20,000 kg 20-6
() ()
2 m/s 0.5 kg 80 kg 21-6
500 m/s S50 g 22-6
() () -
40 g 10 kg 23-6
15 .1km/s
100 50 g 180 N 24-6
m/s
1.2x10722 5.8x10726 kg 25-6
6.4x10723 kg.m/s kg.m/s
2 m/s 8 kg 26-6
16 J
8m 70 kg 50 kg 27-6
() () -

172



().

.10 kg

173

18 m

() 22m

()

1500 kg

Vo

50 kg

400 kg

mx=m;=0.5 kg 28-6

0.5 m

20 g ()
m 29-6

0 -
650 m/s 15 g 30-6
12m/s 120 kg 31-6

.630 m/s 15 g
700 kg 32-6
65 km/h

4000 km/h 33-6

80 km/h
w w 34-6

Urel
35-6
n
20 kg 36-6
() (). 10 m
( ) m
80 kg 37-6
4m/s

2m/s



3 m 38-6

30 kg
0.4 m
39-6 80 kg
(13-6) 60° 500 m/s
50 s
R m 40-6
(13-6) A 2R
.B
(). 6000 kg 41-6
() 1000 m/s
20 m/s?
2.6x105 kg 42-6
.20 s 3.3 km/s 480 kg/s
490 m/s 180 m/s 43-6
3 kg/s

-339)
.( 870950/ 257

174
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(Collisions)

1-7



2-7

(Impulse & Momentum) 2-7
At=t, -t F m
(1-7) F-P
dt
dt . P
dp =Fdt
t t
b
2-7) J=p,-p, = |Fdt
4
.kg.m/s N.s J=p,-Pp,
AR
F _
t1 t, t
(1-7)
F (1-7)

176



FAt (2-7)
At

(3-7) J = FAt

.20 m/s 30 m/s 0.4 kg

0.1s

(2-7)

p, =mv, =(0.4kg)(-30m/s)i=(-12kg.m/s)i

p, =mv, =(0.4kg)(20m/s)i = (8kg.m/s)i

J=p, -p, =(20kg.m/s)i
(3-7)

J _20kg.m/s
At 0.1s

J=FAt = F-= - 200N

J

177

|




3-7

V2 Vi mo
FQI Flz
vy, Vi
Em = —Fm
= AP
Fo = 1
At
— AP,
12 =
At
AP, = -AP,

AP, + AP, =0 = AP, +P,)=0

(4-7) Pr( )=Pr(

! !
(5-7) mv, + m,v, =mv, + m,v,

3-7

178
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10 m/s 4 kg
y 20°

(3-7)
(5-7)

(3-7)

mv, + m,v, =mv, + m,v,
,_ 1 e
v, = (myv, + m,v, —-m,vy,)

1

Ullx = (mlle +myv,, — m2véx)/m1
U1’y = (mlvly +my,, — m2v;y)/m1

v,=10m/s, v, =0

Uy =0y, =0, v;, =5c0s20°=4.70 m/s, v, =5sin20°=1.71m/s

X

m=my

v, =0, +0, —U, =10+0-4.70=5.30 m/s

vy, =0y, +0,, 0, =0+0-1.71=-1.71m/s

V' = v + 02 = |/(5.30F +(-1.71% =5.57 m/s




4-7

!

1% _
tan @ Yy Z171 -0.32 = #=-17.9°
v 5.30

1x

18°

(elastic & inelastic collisions) 4-7

(elastic collisions) -

1 2 1 2 _ 1 2 1 12
(6-7) MU +5My0; =My +5myU,

(inelastic collisions) -

(7-7) [Fmu; +Emus] - [Fmu? + Emu?] =0

0>0
0<0

(partially inelastic collisions) -1

( ) CH)

180




(‘He)
(totally inelastic collisions)

(fusion)

U my m

:(5-7)
myu, + myv, = mu, + myv,

mi mo
Covi @ wm

(4-7)

mi mo
€C—->v: Qv

(4-7)
(6-7)

1 2 1 2 _ 1 2 1 12
MU + 5 MU, =5 MUy + 5 ML,

(8-7)

181

(fission)



6-7

3-7
a
mau=197 m,~4 a
myu, = myu, + my,
Imuvl =Imu? +imu? = my’ =mu? +mu)’
vl' = M v, = (4_—197Jvl = _0'961)1
m, +m, 4+197
v, = 2m, v, :( 8 jvl =-0.04y,
m, +m, 4 +197
a
K'=imu?? =1m (-0.96v,)’ = (0.92)(t mv})=0.92K,
0.92
0.08
6-7

(relative speed of approach and separation and coefficient of restitution)

Vo Vi mz m

|U2 _”1|

1 2 1 2 _ 1 2 1 2
EI’T‘LIU1 +5m21)2 —Emlvl +5va2

182




(9-7)

(10-7)

(11-7)

(v1 —v2)

2 2 2 2
m,(v; —v;")=m,(v; —vy)

!

ml(vl +U1,)(U1 _U{): mQ(UQ +Ué)(v2 _Uz)

_ ’ i
mu, + myv, = mu; + myv,

ml(vl _U{) = mQ(UQ _Ué)

(coefficient of restitution)

(12-7)

183

(10-7) (9-7)
v +vy) = v, +v5)
v —v,) = (V) —vy)
(Ul - U2)
vy — v
e =
v, - vy
e=1
T-7
(mo >>m,) -1
(8-7) mp >>my

v =| ———— v, | ——— |v,
m,/m, +1 m,/m, +1

v = 2m1/m2 U+ 1_m1/m2 v
> Am/my+1) \m/m,+1)7?



7-7

mi/ my <<1
(13-7) v, =-v, + 20,
v, =V,
my
v =-U
(14-7) { o
v, =0
!
(mi >>my)
(8-7) mp >>my

v = 1-m,/m, v+ 2m, /m, v,
m,/m, +1 m,/m, +1
-1

oo 2y [ Melml),
m,/m, +1 m,/m, +1

my/ mi<<1

v =1,
(15-7) ,
v, =2v,

U2=O

184



(mi=my)

(8-7)
(16-7) {U{:l@
v, =0,
!
500 g 150 m/s
() () -(5-7)

muy, = (ml +m, )U’

0
v'=2,9m/s
1 -
- |
Vi Cn] K, =imuv?=112.5J
(5-7)

K'=i(m +m,p?=2.2J

Q=K,-K'=110.3 J

185

mi=my

4-7

()

()




8-7

E,=K'=22J
E, =(m, + m,)gh = 5h

h=0.4m

8-7

)

(Ernst Rutherford 1837-1937) (

(6-7)

(glancing collisions)
.(head-on collisions)
my A'Al ma
.(6-7) vy U;
mv, =mv, + m,v,

oy o0x

(17-7) m,v, = my, cos 6, + m,v, cos b,

186




(18-7) 0 =m, siné, — m,v, sinb,

(19-7) Tmu] = imu? +3muy’
5-7
30° 2.0x107 m/s a
50
a

(6-7) a
[(18-7) (17-7)

m,v, = mu. cos 6, + mu, cosf, = 2x107 =v] cos 30° + 500, cos 6,

_ ! > ! . _ ’ . o ’ .
0 =myv;siné, —m,v, sinf, = 0 =v;sin30° - 50v, sin 0,

2 _ 1 12 1 12 14 _ 12 12
mu; =smpu;” +5;myu,” = 4x107 =v” + 500,

IS

v, ~0.02x10"m/s v, ~1.9x10"m/s 6, ~72°

187




8-7
_ ' '
mlvl = mlvl + m2v2

2
1

1 1 12 1 2
M, =5 mu, + 5 My,

7-7
m1=3.5 kg

Vi

<~ my=6 kg 8 m/s

750 N/m
(7-7)

(7-7) m

188




E =itmy’=112J

2

E,=i(m +mp”=413J

x=43.4 m
7-7
y my=50 kg 6 km/h m;=80 kg
MX 8 km/h

.Y ; (®-)
™ A V2

om:

(8-7)

mv, + myv, = (m, + m,)v’
(8-7) oy ox
my, =(m, + m,)v'cos @
m,v, =(m, + m,)v'sin@

m,v
tand=—22~0.8
mlvl

y= by ~4.8 km/h
(m, + m,)cos @

K, =Lmu? + 1mwp? = 1(80kg)(6km/h) + L (50kg)(8km/h)® =235 J

K, =1(m +m,p"” =1(130kg)(4.8km/h)’ =116 J

AK=K,-K,=-119J
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J=AP=IFAt
F=J/At
F=0=P-=

_ ' '
mlvl + m2V2 = mlvl + m2V2

ez‘vé —v] /‘v2 —vl‘
65 m/s 60 g 1-7
0.03 s
.50 m/s 30 m/s 0.2 kg 2-7
400 m/s 50 g 3-7
(). 10 cm
() () ()
45° v m 4-7
150 kg 5-7
( ) 2200 kg () .2.5m/s
() 04s
4 m 0.5 kg 6-7
() () -
2 ms

190



.5 m/s 300 cm3/s 7-7

F=480-1.6x10%t

()-0
.12 cm 2 kg
9 m/s
30°
3m/s 2m/s
2m/s
() () -
1.8 kg
1.8 m

191

m 8-7
() .3 ms ( )
().
.320 m/s
10 g 9-7
6 kg 10-7
.12 kg
6m/s 300 g 11-7
10 ms
0.6 kg 12-7
13-7
2 kg 14-7
10,000 kg 15-7
20,000 kg
()
45 ¢g 16-7
0.2



v m 17-7

70 cm 0.5 kg 18-7
2.5 kg
.(9-7)
l (10-7) m 19-7
my

h .h
m 20 m/s 1 kg 20-7

1o (11-7) 100 kg

my 21-7
mp
moL 2 L(12-7) My
- L
(12-7) 10 m/s mi=2 kg 22-7
v, 2 ko o/ 3m/s my=5 kg
S <
. . my 1120 N/m
(13- .(13-7)
1 m/s 23-7
.(14-7)
Vi
-y @
(14-7) m>M
m< M

192



1400 kg

(-

1400 kg
80 km/h
()
(mp=1860me )
12 g Sm/s
40 km/h
my my

Suv(1-e€?)

e |v,-v)

193

2200 kg
0.95
540 kg
()
()
60 cm
m1=2m2
.60J
2 m/s
()
0.5 kg
3x10" kg
.8x10° kg

1
v, = M[(m1 —em, v, + (1+e)m,v,]

1
Uy = M[(l +ejmy, +(m, —em;v,]

v pEmimy/(mitmy)

25-7
18 m

26-7

27-7

28-7

29-7
20 m

30-7

31-7

32-7

1% U1

33-7



o, vo
6,+6,=90°
6,=30°
500 m/s
()
2.2 m/s
() . 60°

() . 8x10° m/s

() ( u=10"" kg)
30° 30 m/s
1200 N 600 N 800 N
S m/s
30° 9m/s
12.5 m/s 0.4 kg
10 m/s 0.6 kg
()
37° 3 kg 60 kg
0.1 kg 400 m/s 25¢g
.300 m/s

34-7

35-7

0
36-7
37-7

() .60°
38-7

1.1 m/s

()
39-7
6x10° m/s
12u 8u 17u

40-7

.45°
41-7

60°
42-7
.0X 37°
43-7

.20 m/s
44-7
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(Rotational Motion)

(translational motion) ( )

(Average Angular speed)

m

.(1-8) r

1-8



2-8

tg 92 tl Hl

AO =6, -6,

(1-8) At=t, -t

_A_9_62_91

(1-8) @, =
At t,—t

57° (rad/s) /

27 rad =360° = 1° - rad
180

(rev/min)

2

1 rev/min=1(2z rad)/ (60 s)=(z/30) rad/s

1-8
24
2z 360° 24

o = A0 _2m(rad)  2mn(rad)
“ At 24(h)  86400(s)

o, ~7.3x10°rad/s

196




(2-8)

(2-8)

(3-8)

(4-8)

t1=0

197

(Instantaneous Angular speed) 3-8

(1-8) B A
At AO

. AO do
w=lim—=—
At—>0 At dt

2-8

() .0=-2t+t’rad t
=0 () &=3s
() :
o(t,) = 6(0) = Orad

o(t,) = 6(3) = 3rad

o _ A0 _60,-6, _(3-0)rad _
@At t,-t,  (83-0)s

1 rad/s

(2-8) ()

w:ﬁ:—2+2t
dt




5-8

®(0)=—-2rad

(Angular Acceleration)
(1-8)

105 (t2 ) B 1) (tl

:Aa):a)Q—a)1

(5-8) Qg
At t,—t,

.(rad/s?)

(5-8) At=t,—t; >0

(6-8) a=lm-—"="2_

(20-2) (19-2) (18-2)

w=at+aw,
(7-8) 0=2Ltat’ +w,t+0,
o -} =2a(0 - 6,)

=0

) A

4-8

5-8

198




.5's 120°
t=5s
(1-8) ():
a)aU:A_HZIQO :120(77:/180)rad:2n rad/s
At Ss Ss 15
()
b 4t ar w1
(8-8) o 2Ot D
av 2
.0y =47 /15rad/s ®; =0rad/s w,, =27 /15rad/s
(5-8) ()
a:aaU:Aw:mz_wl _ 4z rad/s”
At t,—t 75
4-8
120 rad 3 rad/s?
O=Lat’ +ot+60, = 0-0,=1at’ + ot
( ) t 0 -0,

120rad = 1 (3rad/s’*)(4s)’ + w,(4s)

1
2

199




(9-8)

(10-8)

6-8

w, =24rad/s

w=at+w, = t=

.(2-8)

s=rb
ds _ do
dt dt
_ds
dt
_do
dt
v=ro

(2-8)

a)_

(24

@y

=8s

200




(10-8) a a

dv_ do
dt dt
do/dt =« dv/dt=a,
(11-8) a=ra,
v
v2/r dv/dt
2
(12-8) a, =2 =a’r
r
2-8 1-8
5-8
33 15 cm
() () .60 s
U=ro
o =33rev/min =33(2rrad/60s)=3.45rad/s
v=rw=(0.15m)(3.45rad/s)=0.52m/s
()

201




Aw

a=—=0.06rad/s”
At

1-8
s=rf 0 S
U=T@ v
acra | o a
2-8
w=at+ w, v=at+v,

— 1,42
a=5at” +ayt

— 1442
s=5at” +u,t

o -} =2a0

v? —v? =2as

w=at+ w,

AG

o =——
At

do
w=—
dt

Ao

aav = .
At

do d?o
dt dt?

0=>Lat’ + o,t+6,

—2

o’ -} =2a(0 - 6,)

()
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2m 3m 1-8

2m 0.6 rad 2-8
4800 3-8
2000 rev/min 60 cm 4-8
480 km/h
5-8
() .2000 km/h 3500 km 6-8
()

2000 rev/min 40 cm 7-8
150 8-8
33.3 0.6 m 9-8
rev/min
5 20,000 rev/min 10-8
225 rev/min 300 rev/min 11-8

() (-
.0 =5t+3t> —4.5t" rad: 12-8

t=3s t=2s

() .10 rev/s 10 s 60 13-8

()
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12's 300 rev/min 1200 rev/min 14-8

55 80 km/h 0.5m 15-8
() () .55 km/h
( ) () .30 s 78 rev/min 16-8
() .2.2h 150 rev/min 17-8
() ()
() 78 rev/min 50 cm
()
80 km/h () 18-8
30 () 37.5cm
()
33 . 0.25 s 10° 19-8
rev/min
M 20-8
MUs R

( 440 - 362)
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(Oscillations)

2\

&

1-10

(periodicity)

239



2-10

2-10

k m
o b's .(1-10)
A
F k m
T
-A o X A o
X () 0
(1-10)
o) A
-A
X o)
A -A A o)
m X
(1-10) F=-kx
F =ma =-kx
(2-10) a= —Ex
m

240



(2-10)
k d’x
a=——XxX=
m dt?
(3-10) [T,
m
X X (3-10)
t X
-A A X
(4-10) x = Acos(a,t + ¢)
.(3-10) (4-10) P
(3-10) (4-10)
A(-ma] + k)cos(ayt + @) = (-ma] + k)x;O
(3-10) (4-10)
-mw] +k=0
(5-10) o = L
m
@, (5-10) (4-10)
1/s

.(angular frequency)
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2-10

x(t) = Acos(o,t + @)

x(t+T)=Acos[o,(t+T)+ ¢]

x(t)=x(t+T)

Acos[a,(t +T)+ @] = Acos(aw,t + )

(6-10) =27

@y

(7-10) fomm2

2 @, f
(rad/s) [ w, (Hz=1/s) i

(natural frequency) o, f

(1-10) m
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(maximum amplitude)

¢
(initial phase)
x=A (&=0)
(4-10)
A=Acos(w,0)+¢) = cosg=1 = ¢=0
((4-10) (t=0) (x=0)
O=Acos(w,0)+¢) = cos¢g=0 = ¢=x/2
¢
(instantaneous phase) (0ot + @)
(4-10)
(8-10) v =-Aw, sin(w,t + ¢)
(9-10) a =-Aw; cos(w,t + ¢)
a v x (2-10)
(x=tA)
(a=7FAw;])
(
(>x=0) .(turning point)

(v =1Aw,)
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2-10

( )
X
Al To
t
v ¢ To
Awy
t
a
A}
\/ ‘
To >
(1-10)
100 N/m 0.25 kg
8 cm
:(4-10)
x = Acos(a,t + @)
:((5-10) ) o,
o, JE 100 N/m _ o0 o/
m 0.25 kg
7-2% _0.03s
@,

1-10

244




x=8 cm

(10-10)

(11-10)

(12-10)

245

t=0

f:—=3.2 Hz

8 = Acos(w,(0) + ¢)

0 = —Aw, sin(, (0) + ¢)

x = 8cos(20t) cm

(4-10)
U = L1 kA? cos®(w,t + )

2

muv

N [=

K

%mA%g sin?(wyt + ¢)

“sin® @ +cos® 0 =1

3-10

mae; =k




3-10

.(3-10)

A< jall all

(3-10)

E=K+U=1kA® =1mv® + L kx?

2

(13-10) u:i/%pﬁ—xﬂzi@MAQ—ﬁ

1
2

x=tA

(4-10) .(4-10)

2-10
1-10
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x=+A/J2 =40.7A=45.6 cm

(Pendulum) 4-10
(The Simple Pendulum) -1
l m
m .(5-10)
73
0
—t &
.0
7, = I,
I (5-10) 0 7
a m
T mg m
T, =—mglsind

247




4-10

m
I, =ml®
-mglsin @ = ml’a
a:—%sine
2
:d f :Gz—gsinﬁ
dt l
(14-10) (9‘+%sine=o
(15-10) % =%
(14-10)
(16-10) 6+ wlsind=0
0
6
(sinf
(17-10) 6+ a0=0
6 x (3-10)
(17-10)
(18-10) 0 = 6, cos(w,t + ¢)
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(19-10) T= = %"\g

1 o 1 |g
20-10 “T 27 2\l
( ) S =T "2 2\
3-10
.0.1 rad L m tke

T = —= 2-0
W,
fel_05Hz
~=0.
(18-10)
. de .
0 = dt —,0, sin(oyt + @)

sin(aw,t + ¢) =1

0. .. =+w,0, =0.03 rad/s

max
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4-10

(The Compound Pendulum) ( ) -2
( )
(6-10)
7, = I,a
Io o 70
a
Mg (6-10)

Ty, = —Mghsing

—-Mghsinf =1 «a

sin @

siné 0

Mgh

0+ 0=0
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(21_10) é+(0§9=0

(22-10) o = [P
IO
(23-10) R
@, Mgh
(24-10) foteo [
T 2r\ I,
( )
4-10
0.3 m 2 kg
(7-10)
(7-10) 0
h=1/2
(7-10)
.MP/3 1-9
(24-10)

fot moh _ 1 MgL/2 )y,
27\ I, 2z \ Ml /3
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4-10

(The Torsion Pendulum) -3
M
-
| ‘
E 1y ! 810
I
(8-10) (25-10) T =-k6
K . (torsion constant) K
.m.N/rad
(26-10) —Kk6 = 1,0
b
b+—0=0
IO
(27-10) 0+al0=0
(28-10) W, = |—
IO
(29-10) foo 1K
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(Rotor diagram) 5-10

@y p
(0]
\ (9-10) A
TN
¢
apt t
0=aw,t+¢
(9-10) m( )
p
A o
ox op
x=Acosé
19=a)0t+¢
x = Acos(w,t + @)
Q)
rad/s
5-10
(). t x x; =2cos(3t+ 1 /3)
().

Xq =3cos(3t+7/6)
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=3 rad/s A=2 m
op: 2m () .o=n/3
ox =0 /3
(10-10)
Yy
P
KI i3 S A
w A |
(10-10)
7/ 6 op:> 3 m
op2 Op:
op = 0op, + 0P,
.t=0 op

op

tan

¢

ox, = 0x, + ox, =2cos(z /3)+ 3 cos(r /6)=3.6

3.6
(12-10)

_(op), (op,), +(0p,), 1.73+1.5
(ep). (op,). +(op,), 1+1.26

=09 = ¢=0.26rad

x; =3.6cos(3t +0.26)

()
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(30-10)

) kg/s

(31-10)

(32-10)

(33-10)

(11-10)

255

(Damped Oscillations)

F =-rv=-rx

r

=-kx —-rx=ma=mx

. r . k
X+—x+—x=0
m m

x = Ae " cos(wt + @)

/k r oo
w = Z_(Q_m)

o _=
—o_=
-a

F§:\‘\rf§;3>£‘n /ij\B
AN

(11-10)

6-10



(34-10)

(35-10)

(36-10)

(37-10)

(38-10)

(39-10)

5-10

Fr

F,

ext

.(resonance)

(Forced Oscillations)

ext

—Fr-kx=ma

F,,=F,coswt

= F

ext

=mx+rx + kx

X+ 2yx + wix = (F, | m)cos wt

y=r/2m

x = Acos(ot + @)

(38-10)

7-10

(34-10)

W, =+k/m

(36-10)

256



X+awix=0

x = Acos(ayt + )

T=27/w, =1/ f
@ =g/

%=\/W/Io

@ =\ /1,
X+(r/m)x+(k/m)x=0

x = Ae™® cos(wt + ¢)

X +2yx + wjx = (F, / m)cos wt

x = Acos(wt + @)

257

.100 N/m 4 kg
1.5 Hz

.0.2's k 0.5 kg

m .3 Hz 200 N/m m
() .15 cm 4 Hz

() 9 cm
12 cm
12 m/s 100 N/m 4 kg
.x=0.2 m -6 m/s

1-10
2-10
3-10
4-10

5-10

()

6-10

7-10



0.8 mm 512 Hz 8-10
9-10

.02 m 2 kg 10-10
() .06J 25 N/m 0.25 kg 11-10

() ()
() =0 ()

0.5 m k 4 kg 12-10

() ()

.0.5s k S kg 13-10

Al4 A 0.4 s 14-10

0.4 s =0.1 s 15-10
N ; ) t=0 x=0 0.2 m

X = acos ot + bsinwt x = Acos(wt + ¢) 16-10
b a g A

1 kg 17-10

() (). t x x =10cos(10t + 7 / 2)

()

18-10

100 N/m 10 kg 1 kg 19-10
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2 Hz 20-10

0.5
() .8 km/s? 2 mm 10 g 21-10
() ()
(). 1000 N/m 5 kg 22-10
50 cm 10 m/s
() ()
23-10
X x=5cos(nt/3 -7 /4) 3 kg 24-10
() () t
()
() .1s m 25-10
()

5 cm

() .05 s 0.1 r rad 26-10
5° ()

0.2 rad 4 m 27-10
ls 28-10
2s (g=1.7 m/s? 29-10
M L 30-10

L/4
20 cm 0.9 s 31-10

() () -
0.1 rad

259



2.5s 32-10
(12-10) 33-10
k%k k k m k m k
() () ()
(12-10)
() .3600 rev/min 5 cm 34-10
() 0.5kg
24 cm/s 10 cm 35-10
() 6 cm
() 12 cm/s
/4 s 36-10
() 30N 15 cm
() 5cm /12 s
x=-3
() .4s 24 cm 10 g 37-10
() x+24 cm =0 t=0.5 s

x=-12 cm () t=05s

15 N/m 5 kg 0.5 kg 38-10
0.2

R M 39-10

R, 3R/4, R/2, R/4,0 r (). r
=R 0 T /1, ()

260



(). r

R M 40-10
L
K . (13-10)
(13-10)
0.5 kg 41-10

5 Hz 5cm

inWﬁiWiiﬁt\ R m 42-10

k m o m 43-10

(15-10) : (15-10) k

(813- 737)

2601



(Liquids)

1-11

(solid)

(liquids)

(gases)

(elasticity)

263



2-11

(Elasticity) 2-11
( )
(stress)
.(strain)
( )

(elastic modulus)

(1-11)

.(Young Modulus)

AL ( )

(1-11)

(tensile stress)

F
2_ 1 1 _—=
2-11) n
(tensile strain)
(3-11) AL _
L

264



(4-11) y- /4
AL/L
N/m? Y
Pa (Pascal)
1-11 .1 Pa=1N/m?2
2-11
= (2-11)
B
C
A A O
. AL/L
(2-11) B A
C
1-11
.0.15 m? 3 m 0.25 kg
F =w=(500 kg)(9.8 m/s’)=4900 N
F___4900N o0 nm
A 0.15x107" m
1-11
8 2
y_F/A _ AL_F/A_33x10°N/m’ _ . . 4

AL/L L Y 2.0x10" N/m?

AL =(3 m)(1.6x107°)=4.8 mm
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2-11

.(shear Modulus)

(3-11)

A

(shear stress)

F_
A
-F n n A
(3-11) (shear strain)
Ax
6'11 _—=
(6-11) -
(3-11) h Ax
S (shear modulus)
(7-11) s_F/A
Ax/h
S 1-11
2-11
14 cm? 6 mm
.28 N
3x106 Pa
(7-11)
_EIA L =M .04 mm
Ax/h AS

266




.(Bulk Modulus)

A F
(4-11)
F
8-11 £
(8-11) -
(9-11) AV _
v
(10-11) __f/4
AV |V
AV B
B 1-11
3-11
2x107 Pa 0.5 m3
7.7%x10° Pa
(10-11)
__F/A . AV
AV |V

AV =-1.3x10"° m°®
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3-11

(10'°N/m?) 11-11
B S Y
7 2.5 7.1
6.1 3.5 9.1
14 4.2 11
16 8.4 20
20 14 35

5-5.5 | 2.6-3.2 | 6.5-7.8

2.7 2.6 5.6
0.21 _ _
2.8 _ _
(Density) 3-11
(density)
%4 M

M

11-11 -
( ) P=7

(12-11) M =pV

268



av dm

dm
13-11 -
( ) P=1y
kg/ms3
4° 1000 kg/m3 1 g/cm3
(relative density)
Pob; Pobj
14-11 = =—
(14-11) P oo 1000
2-11
22% 78% (p=1527kg/m3)
V., =V, +V, . Vs Vi

P2V

269

(p=874 kg/mb3)

4-11




4-11

M, =pV, + p,V,

M oV, + p,V. V. V.
p=—=r=""—"22=p(=")+p()
VT ‘/1 +V2 VT VT

p, =1527 kg/m® p, =874 kg/m® V,=0.22V, V, =0.78V,

p=1017.7 kg/m?®

2-11
(kg/ma3) (kg/m3)
7 (4 °C) 7.1
6.1 | (0°C) 9.1
14 |25 °C) 11
16 |25 °C) 20
20 35
5-5.5 |(15 °C) 6.5-7.8
2.7 |15 °C) 5.6
0.21 _
(Pressure) 4-11
A F
F
15-11 -
( ) pE—
A F
(5-11)
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AW 2 dA
A
dF
16-11 =—
( ) p="7
(5-11)
)
(
(17-11) F = I pdA
A
Pa N/m?2
1 Pa=1 N/m?2
105 Pa (bar)
1 bar=105 Pa
(atm)
1 cm?
1 atm=1.01x105 Pa =~ 1 bar
760 mm 1 cm?
( (torr) ) (mmHg)
1 torr=1 mmHg=1.31x107 atm
5-11

2x2x0.3 m
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5-11

M = pV =(1000 kg/m?)(2x2x0.3 m*)=1200 kg

F=w=Mg=(1200 kg)(9.80m/s*)=11.76 kN

A 2x2m
5-11
(6-11)
w
A Pa F=pdA
Fup=pA
p
w+ p,A=pA

w=mg = pVg = pAhg

272




(18-11) p=p, +pgh

(Blaise Pascal 1623-1662) .(18-11)
(manometer formula) (18-11)
(18-11)
F] FI :
ST
l, -~
Ay
Fy (7-11)
Fy
(7-11) A A
(19-11) 5 _ £
A4
6-11
.30 cm 22500 kg
10 cm
(19-11)

273




5-11

2
L5 g oy = MO0M) 55500 N)= 2500 N
LA A m(0.15m)

—

225 kg

F,
j _L _ 2900N NQ =3.18x10° Pa
A, 7(0.05 m)

(18-11)
B A (8-11)

Ps— P =(Ps — Pc)+(Pc — Pp)+(Pp — P5)
Pc =Pa+pghy = p,—pc=-pgh
Pc = Pp
Pp — Ps = Pgh,

Pa — Ps =—pgh, + pgh, = pglh, —h,)= pgh
.B A h
DPg =Dyt pgh

(18-11) A B

(8-11)
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(9-11)

C B A

Ps — Pc = Aghy

Pa — Pc = Pogh,

(9-11) b, =DPg =D,
plghl = pQQhZ
(20-11) h_ s
h, p,

(gauge (18-11)
DP-Pa pressure)

(Evangelista Torricelli 1608-1647)

(10-11)

B (18-11)

(21_11) Ap:p—pa:pmgh

76 cm 1 cm?

76 cm

275



6-11

(Archimedes Principle) 6-11

(Archimedes 2 8 7 BC - 2 1 2 BC)

(Eureka) " "

(11-11)
Pb Vb
Pl
%
w Fup
F,=w-F,
(22-11) w=m,g =(p,V,)g
Fup = mlg = (pl‘/l )g
Vi mu
(23-11) F, = g(p,V, - pV;) = w'
(apparent weight) w'
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920 kg/ms3

Pw Vw
Yo _ P _0.89-98%
Vi P
|
5N 5.98 N

F,=w-w'=598-5=098 N

F, =p,Vg=0.98 N

277

7-11

.kg/m?3

pi Vi

11%

8-11




7-11

0.98 N

V= . —=10x10" m®
(1000 kg/m~)(9.80 m/s~)

P= % =V_u; T (10x10° 51;193&);(580 m/sh) > 107 kg/m’
1.93x10° kg/m®
7-11
(ideal fluids)
- (non-viscous) -1
500 1500
:(incompressible) -2
:(laminar) (steady) -3
(streamline)
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8-11

.(12-11)
Al n Q
A2 Uo S
( X )X = X =
( X )X X =
m=pxAxv
v1, A1
(12-11)
PUIA, = pU A,
(25-11) Q=04 =V,A,
Q (continuity of equation) (25-11)
(rate of flow)
9-11
40 cm 2 cm?
0.1 cm?
(25-11)

Q=Av=(2x10" m?)(40x10° m/s)=8x10"° m®/s

A
Q:A101:A2U2 = UQ=( d

Jv, =800 cm/s
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9-11

(13-11)

(13-11)

P1

U1

At

As, =v,At

m =m, = pAV, = pAV, = AAs =AAs,

Wg = mg(y1 - y2)

W, = FAs, - F)As, = plAAs, — p,A)As,

W, =mgly, - y,) + p,AAS, — p,AAs,

W, =K, - K, =%mzv§ _%rnlvf

AV

9-11

A
As, =v,At
AV, = As,
p2 d

%)

AVQ = Azsz

m= pAV
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Pg(U, —Yo)+ P — P, =L plv3 —V7)

(26-11) p+107 + pgy, = p, + 105 + pgy,

(Bernoulli Equation) (26-11)

rIYy
pL2/2

1Pa=1 =1 =1
m? m® m°®
10-11
-1
(26-1) v, =v,=0
P~ P, = p9(Y, —Y,) = pgh
p1=pa 10 -2
h Ay
h Ay (14-11)

v~0 y,-y =h

P2=pa
(14-11)
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10-11

U; _ 2p(p, — p,) +2gh
Yo,
pl = p2 = pa
(27-11) v, =+/2gh
.h
(27-11)
:(Venturi Tube) -3
Ay
A2 P U1
.(15-11)
(15-11) : 5 1
p U =P, + 30,
A1U1 = szz
(28-11) D, — P, :%p[(A1/A2)2 _1]U12
p!
A1>A2
! p1>p2
:(Pitot Tube) -4
( w=0 )b c (16-11)

p +1pv =p,
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P, —p, =p'gh

Yo,
" 2p'gh
(16-11) v, = |29
Yo,
PP
h
- (lift force) -5
(17-11)
(lift force)
8 km
400 km/h
.800 km/h 10 km
.14 km 1200 km/h
10-11
150 km/h
S50 m?2
¢ )
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11-11
2
b1~ D2 =%PU

P - P, =%(1.29 kg/m®)(150 km/h)’ ~0.01x10° Pa

1%

F =(Ap)A=(0.01x10°> N/m?)(50 m®’)=0.5x10°> N

! 5000 kg
220 km/h 2005
|
(surface tension) 11-11
(17-11)
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F
(30-11) r=—
.N/m
y
F
(31-11) r=or
(Capillarity) 12-11

(capillary tube)

(18-11)

F, =yL=y(2nr)

(18-11)
(F,), = 7(2zr)cos b
.(angle of contact) 0
(F,), = 7(2zr)cos @ = mg = pg(zrh)
(32-11) h=-2" coso

PIr
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13-11

(Viscosity) 13-11
Ax —
B ¢ ~
—
_—
l —_—
—_— (20-11)
Al D ™
F v
(20-11)
ABCD
Ax/1 . A F/A
Ax=vAtL At (20-11)
Ax/1
Ax /[l Ax v
= |— l = —
At (At )/ l
(coefficient of viscosity)
Fl
33-11 =—
( ) =
n 3-11 .N.s/m?2 n
:3-11
(10° N.s/m?)| (N/m) (C)
1 0.073 20
0.3 0.059 100
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_ 0.025 20

_ 0.465 20

_ 0.022 20

2.7 _ 37

1500 _ 20

250 _ 30
Y:.F/A
AL/L
S:F/A
Ax/h
__F/A
AV |V
p=M/V
p=F/A
p=p, tpgh
h_B
A4
Fr=9g(p,V, —pV)=w
Q =1 A =V,4A,

p +1vl + pgy, = p, + 103 + pgy,

v, =+/2gh

b~ P :%p[(Al /A2)2 —l]l)12

7 = /M
Y2

y=F/L

h =(2y / pgr)cos @
_ FI

A




2 cm 1-11
550 kg 2-11
1.2 cm 1.4 m
22.71 g 3-11
157.67g 153.38¢g

2x0.75%0.04 m 500 kg/m?3 4-11
2.4 mm? 1.5m 8.5 kg 5-11
.0.29 mm
() .3x108 N/m? 6-11
() 0.41 mm
2L 0.6 mm L 7-11
L .10 kg 0.65 mm 0.8 mm
1.5x2 cm 4 m 8-11
100 kg

10 kg 9-11

Y .0.0065% 1.5 cm?
10~ m3 10-11

5x10* Pa
1% 11-11
.4x108 Pa 12-11
0.5 cm 1 cm
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600 m

15 cm
730 m
() . 25 cm 15 cm
( ) 600 kg/ms3
25x8x3 m
U
() .(21-11)
()
(21-11) y1=3 (22-11)
A
AT () B
| v
Y J
125 N
(22-11)
12 N 10N
.600 N
() () o2m’

289

13-11

14-11

15-11

16-11

17-11
15 cm

P—Pa

18-11
() .yo=8 cm cm
( ) 970 mbar
C

19-11

20-11
21-11



22-11

2 cm (23-11)
() . 8 cm

() 600 kg/m’

10 cm, 10 cm

(23-11)
23-11

() ( ) 10.92 km
1.17x10°* Pa

0.1 kg 24-11
1.29 0.15
kg/m3
0.8 0.03 m* 80 kg 25-11
1.03 1.2
4 m’ 1000 kg () 26-11

() )

36 N 45 N 27-11
2.5 19.3

500 kg/m3 0.1 m 28-11

4 cm 800 kg/ms?

() ().
0.3 m 29-11
(24-11) c
45°

30-11

2%x2x0.3 m
500 kg/m?3 65 kg

(24-11)
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.5 cm? 2m/s 10 cm? 31-11
300 Pa
4m/s 0.8 m? 32-11
( ).0.112 m2 0.06 m? ()
() .0.8 m2 0.2 m? 33-11
3.8m/s ()

.2 cm 34-11
10 cm? ()
() 40 atm 2 m

() ()

)
(thrust) (
10 cm 2 cm () 35-11
()
0.001 m? 0.004 m3/s 36-11
.1.2x105 Pa
1x105 Pa

3%x105 Pa A 37-11

20 m 4 m/s
A2
38-11

20 m
1 cm? 39-11
0.1 m .1.4x10™* m3/s
0.2 m
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.1000 N/m? 40-11

.(1.29 kg/m3 ) 100 m/s
1x10% Pa 41-11
.2m/s
1 (25-11) 42-11
3 2 10 m 1
.0.02 m?2 0.04 m?2 1m
() 2 ()
(25-11)
H 43-11
h
I () .(26-11) h
H
h=3 m H=12 m ()
(26-11)
3x107° m3/s 44-11
( ) () .10 cm? 40 cm?
()
A h m 45-11
() () .p
F
0.4 cm? 46-11
8 cm .13.2 cm3
1 cm
( )
1m/s 3x105 Pa 47-11
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1.61x1072

0.2

1050

293

.10 m

4000 kg

5 cm

0.050 N/m

2.1 cm

2um

1.035

1.5 mm

0.3 m/s
0.12 m

.1.9N

48-11

( )
10 cm 49-11
)
600 kg 50-11
0.178 kg/ms3
3.5 cm 51-11
N
52-11
.45° cm
7.13x107° N 53-11
0.0227 N/m
1080 kg/m3 54-11
55-11
0.058 N/m kg/m3
56-11
S cm 0.088 N/m
57-11
1 cm
0.4 mm 58-11
0.5m/s 1 mm



(Wave Motion) : 1-12

(mechanical waves)

(electromagnetic waves)
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2-12
(1-12)
( 1-12)
S
C B A
( )s -1
( 2-12) (1-12) S A
C B A -2
S
( )

—_— S ———

S A B C D AlB ¢ b
i < ines

() 0
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( ) -3
( .. c B A )

( 2-12) (transverse wave)

.(longitudinal waves)

(Wave Equation) 3-12
S
(1-12) Yys = Asinot
f T 1)
(2-12) a):2Tﬂ:27zf
(2-12) p
S X
(3-12) y, = Asino(t - t')
v
p S
(4-12) ==
v
1(3-12)
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(5-12) y, = Asino(t - )
v
(6-12) _ Asin(ot - 2%
Y vT
vT

A (wavelength)

(7-12) A=vT
y
A
; p
Ys
/Iyp .
-A y
(2-12)
(2-12)
k (wave number) 27f A
(8-12) s
A
(6-12)
(9-12) Y, = Asin(ot - kx)
x (9-12)
b t
( )
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Yy = Asin(wt + ¢)

(ot + @)
Ys = Asinot Y, = Asin(ot - kx) x
(phase difference) ex
)
7 (
.(in phase)
T kx ( )
.(out of phase)
—-As Ay

X2 X1
(10-12) y, = Asin(wt - kx,)
(11-12) Y, = Asin(ot - kx,)
2r
(13-12) A = k(x, —xl)zkAx=7Ax
(14-12) A¢ =2nrx n=0,12,-
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(15-12)

Ap=02n+1)x
(16-12) Ax=(2n+1)§
1-12
.Ys =2sindzxt cm
() ()
5 m () 30m/s
()
A=2cm () :
w=>5r rad/s
@
=—=25H
! 27 z
T:l:0.4s
f
()
Aol >k=22_2%
vT
k=2
v
.k=0.52 m™
()
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Yy, = Asin(ot - kx) = 2sin(Sxt - 2.6)

A¢g=2.6 rad ()
4-12
-1
T Al
(3-12) v

OT sin 6 ~ 2T ~ 2T(Al /2) = TAL/ 2
mv/r
TAL/2=mv’ |1 = pAlV® [T

P m=pAl

(17-12) v L
P
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2-12
200 1 cm 10 N 0.5m
S0g
p=m/1=50x10"kg/0.5m=0.1 kg/m
v=p/T =(10N)/(0.1 kg/m’) =10 m/s
T=1/f
A=vT =(10 m/s)(0.005 s)=0.05 m
v=1p/T =(20N)/(0.1 kg/m’) =14.1 m/s
-2
(18-12) v= B
Yol
(bulk modulus) B
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¥ Po

(19-12) v=
Yo
P Ve
Y
(20-12) v=,[—
P
P Y
1-12
(m/s) (m/s)
1190 331 (0 °)
3810 343 (20 °)
5000 1330
5170 1486
5200 1519
5-12
(4-12) T Fv
Al

T :—TsinHthanﬁz—Ta—y
y ox

X y oy /ox
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oy /ot
p =Fv=-T(0y/0ox)(0y / ot)

X t Yy = Asin(wt — kx)

p = A’k cos® (ot — kx)

Doy =+ A’koT

T=pv’=pl°f> k=27/1 w=2xf

(21-12) D, =27 A f? pv
(Superposition) : 6-12
( )
Y1ty Yo y1
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y, = Asin(wt - kx)

Y, = Asin(wt — kx — ¢)

Yr =Y, + Y, = Asin(ot — kx) + Asin(at - kx — @)

sina +sin g = ZSin{a ;’B)cos{a ;ﬁ)
(21-12) Y, =[2Acos(¢/2)]sin(wt —kx — ¢ /2)
(22-12) Yr = A, sin(ot —kx—¢/2)
(23-12) A, .. =2Acos(¢/2)

¢
n ~=2nrx
(5-12)
=2n+1)7

(5-12)
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3-12
y Yy, =3sin(dzt-7/3) y, =3sindxt
.10 m/s
x=4.5m x=2m
X
y, = 3sin(5xt — kx)
Y, =3sin(Szt —kx -7z /3)
Y, =6c0s(7/6)sin(dz —kx -7 /6)=5.1sin(57 —kx — 7 / 6)
A
w=57=27rf = f=2.5Hz
v=Af = A=v/f=4m
2
A¢ = k(x, —xQ):TAx:I.QSH rad
(Standing Waves) 7-12

.(standing waves)

(pulse)
(6-12)
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(6-12)

(7-12)

(7-12) (6-12)

y, = Asin(wt — kx)

Y, = —Asin(wt + kx)

(24-12) Yr =Y, + Y, = Alsin(ot — kx) — sin(wt + kx)]

+ B

sina —sin £ = 2sin( )cos(a

a-p
5 )
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(25-12)

(26-12)

(27-12)

(28-12)

(29-12)

Y, =-[2Asin(kx)]cos wt
Yr = A(x)cos wt

A(x) = -2Asin(kx)

( ) A(x) = 2A

sinfkx)=+1 = kx:Qn+Dg = %fxzan+n%

x=(2n+1)% n=0,1,2,...

.. oA 344
47474

.(crest) 2A

sinfkx)=0 = kx=nz = 27”)6:717[

x=ni n=0,1,2,3,...
2
o2t t o0
2 2
(8-12) .(node)
S
)

(8-12
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(30-12)

(31-12)

309

(Resonance) 8-12

L=M+Ug, n=0,1,2,3,...

.n (9-12)

(30-12)

31/2

31/2




(32-12) £ =(n+1)2LL . n=0,1,2,....
L
(32-12)
(32- . ( )
12)
v
(33-12) fo = oL
(32-12) (fundamental frequency)
(34-12) fo=m+1)f
fo  (first harmonics) fi (harmonics) Jn
(second harmonics)
4-12
20 g 1 m ()
() 20 N
150 Hz
U:\/z:\/ T :\/ Q(LN =31.6 m/s
u \N(m/l) \(20x107)/(1 m)
f.=(n+ 1)2% = (n+1)(15.8 Hz)
fo=47.4 Hz fi=31.6 Hz f=15.8 Hz
f+=63.2 Hz
150 Hz ()
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L:m+n§%=m+n(

( )n=8

(35-12)

(36-12)

(37-12)

L

L=l/4< @s-12)  f -2

31.6 m/s
150 s!

L=@n+1)2
4

L:@n+né%

f;=pn+n£%

4L

)=(n+1)(10.5 cm)

, n=0,1,2,...

, n=0,1,2,...

.94.8 cm

L=5U4<ii:k:::><i:: (39-12)  f, =@n+1f, , n=0,1,2,.

(10-12)
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10-12

(Sound) 9-12
(17-12)

(40-12) o [IRT

M
T R=8.314 J/mol.K R 14

\ Yol M
n

nM

41-12 =
(1 atm)
.340 m/s (20 °C)
(Sound Intensity & Intensity level) 10-12
I

(42-12) =2

A

.W/m?2
20,000 Hz 20 Hz
b 1W/m?2 10712 W/m?
(intensity level)
I
(43-12) p= 1010g10(I—)
0
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(Bel)
.(dB)

(44-12) I =

(11-12)
140 dB S
S 125 dB
ﬁggf
Iy
115 dB
15

100 dB

90 dB 85 dB
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11-12

5-12
1 mW
5m
(44-12) S m
A=27r* =27(5 m)* =157 m®
I=p/A=(1mW)/(157 m*)=6.37 uW/m’
(43-12)
I 6.37x10°°
ﬂ = 1010g10(I—) = 1010g10(m+u) =68 dB
0
|
11-12
L ( )
L=1/4 (12-12) -1
L=31/4
L=51/4
(45-12) L:(n+1)§
(12-12)
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(46-12)

(47-12)

(48-12)

v
=n+1)— n=0,1,2,...
fu=( )2L ,

v

fOZQ_L
fi=n+1)f, , n=0,12,..
(13-12)

(13-12)
(50-12)
(51-12)
(52-12)
(
. f, =680 Hz

315

v
=2n+1)— | , n=0,1,2,...
fo=( )4L
v
ﬁ_4L
fo=@n+1)f, , n=0,1,2,..
6-12
)1m
£ =L _340m/s 00y,
2L  2(1m)

f,=510Hz f, =340 Hz




12-12

(Beats) 12-12

y, = Asinojt

Yy, = Asinw,t

Yr =Y, +Y, = Asinaot + Asinw,t

(53-12) yT:QASm(“;abnam(“;aba

(53-12) -0, = Ao o+, =20 W RO, =0

Yy, =[2A cos(AQ—w t)]sin wt

(54-12) Yy, = A(t)sinwt
Aw
(55-12) A(t)=2A 005(7 t)

l l l (14-12)

(14-12)

(beat frequency) Aw/2

(56_12) a)beat = a)l - 0)2
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Us

317

2%

7-12
.300 Hz

focvoc\/T
L: Lz /1.02T _1.01
1o T, 1.0T

f1=1.01x300=303 Hz

Joear = f1 = f, =3 Hz

(Doppler’s Effect) 13-12

.(15-12) f

x=vsT

A=A-vT=vT-vT=vV-v,)T

A=i+v.T=vT+vT=@v+v,)T




13-12

(58-12)

(59-12)

(60-12)

(61-12)

A
vL
vV'=v+u,
A
UV vty
F=3="7
, U4V
fr=Hrf
v
, V-V
fr="f
v
, VEv
fr=c=—Hrf
VFU,
1000 Hz
340 m/s

8-12

20 m/s

318




20 m/s
(61-12)

_ v+vL)f: 34O+20)1000
v -y 340-20

f!

. f'=1125 Hz

y, = Asin(ot - kx)
k=2z/2
A=vT
A¢ =2nr
Ap=(2n+1)(z/2)
v=yT/p
v=\yRT /M
Yr =[2Acos(p/2)]sin(ot —kx ~¢/2)
Ax=(2n+1)(1/4)
Ax=nl/2
f,=(n+1@/2L)
fu=(n+1)w/2L)
f =101og,,(I/1,)
I =1/4nr?
f, =(n+1)w/2L)
f, =@n+1)w/4L)

wbeat = wl B (02

fr= \f

vy,

VFU,




8.8s 120 m

740 km/h (tidal waves)
8000 km
y y=6cos(4t+20x+7/3)
2 cm 6 m/s 1.2 m
()
20,000 20
(1490 m/s 340 m/s
C 60 Hz C
3x10® m/s

.700 nm 400 nm

.10 m/s 2 cm 60 Hz
.t=0
t Y Yy =sin(6.28x + 314t)
() ()
Sg 70 cm
900 N 100 g 7 m
110N 700 g 10 m

1-12

2-12
.300 km

3-12

4-12

() .t=0

5-12

6-12

7-12

8-12

9-12

0 -

() 10-12
() 500N

11-12
12-12
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13-12

/3
3 cm 14-12
( ) #/2 4 cm
y Yy, =bcos(rx +4nt) y, =6cos(rx—4rt) 15-12
() (). t

d S S 16-12

( )

(16-12)
s 17-12
(16-12) (17-12) h
h+x
A x h d
(17-12) 1 m () 18-12
968 N Sg
()
60 Hz 3 m 19-12
.4 mm 3m 20-12
SO0m/s

Yy = 5sin(25x)cos(5t) 21-12

0. t y

() ()

321



160 g 4 m 22-12
400 N

.340 m/s 38-23
10 m 23-12

24-12

7.5 m 25-12

102 W/m?> 10 W/m? 26-12

30dB 10dB 27-12

.3dB 28-12
70dB 90 dB 29-12

() .200 Hz 17 m/s 30-12

() ()
()

17 m/s 31-12

80 m/s 32-12
() .200 Hz

33-12

80 m/s 80 m/s
.200 Hz 80 m/s 34-12
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.200 Hz 80 m/s 35-12
3 rev/min 1m 36-12
.200 Hz
37-12
3
km/s
196 Hz 30 cm 38-12
262 Hz 247 Hz 220 Hz
360 N 4x107 kg/m83 39-12
() .450 Hz 375 Hz
2358 1834 Hz 1310 Hz 40-12
() () () .Hz
440 N lg 0.5 m 41-12
18 cm
)
40 MHz 42-12
.39.958 MHz 90 ms
1.54 km/s
2.0 GHz 43-12
.293 Hz
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1-13

(environment) (system)

(macroscopic)

(microscopic)
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3-13

2-13
(20 °C)
B A
A
B A C B C
.(zeroth law of Thermodynamics)
(Temperature) 3-13

326



0°C (Celsius)

(Fahrenheit) . 100 °C
.212 °F 32 °F
()
Ts (Kelvin) 273.16

T5=273.16 K

373.16 K
(2-13) To =Tx —273.16

(1-13)

+373 K 100°C  [|-212°F

+273 K 0°C 32 °F
| 273K
Gl Haall
(1-13)
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4-13

1-13
.95°C 25°C
ATy =AT, =95-25=70°C=70 K
((1-13)
ATp = 2 AT, =2(95 -25)=126°F
4-13
(caloric)
(calorie)
e 9
=
{
| (2-13)

1 cal=4.186 J

(specific heat)

328




cp,o =1 cal/g°C=4.186 J/g.°C

1-13
1-13
¢ (kJ/kg K) 5 (ké)/ kg
0.387 0.9
0.14 0.123
4.186 0.386
2.05 (=10 °C) 0.38
0.79 0.126
0.84 0.128
2.4 0.233
3.89 0.134
m (heat capacity)
m
(3-13) Q =mcAT
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5-13

2-13
0.2 kg 300 °C 0.5 kg
.25 °C 0.5 kg
Ty

AQpy, = Mppcp,ATp, = (0.5 kg)(0.13 kJ/kg.°C)(300 - T)

AQ¢y = (McyCoy + My,0CH,0 AT

AQ =[(0.2 kg x0.39 kJ/kg.°C) + (0.5 kg x 4.186 kJ/kg.°C)|(T; - 25 °C)

T, =328 °C

5-13

:(linear expansion) -1
AL To Lo
AT
(4-13) AL = aLyAT
(coefficient of linear expansion) a
(4-13)

330




- (surface expansion) -2

(6-13) AA = BAAT

(coefficient of surface expansion) p

( ) f-2a
:(volume expansion) -3

(7-13) AV =yVAT

(coefficient of volume expansion) y
Yy o« 2-13 .=3a

(7-13)
2 °C
.0 °C
0°C

200 cm’

30 °C

331




6-13

AV

glass

= VAT = 3(11x10°/°C)(200 cm®)(30°C) = 0.2 cm®

AVy, = yVAT =3(1.82x107*/°C)(200 cm®)(30 °C)=1.1 cm®

.0.9 cm’
:2-13
7(107%°C) a(107%/°C)
0.0018 24
1.01 17
0.95 12
1.51 11
36.7 29
0.49 O e 11
0.68 O <) 3.3
1.18 BEP 12
6-13
(change of phase)
. (latent heat)
m
(8-13) Q=ml
Iy (latent heat of fusion) l
L (latent heat of vaporization)
L r 3-13
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:3-13

L zf
(kJ/kg) (°C) (kJ/kg) (°C)

20.9 | -268.93 | 523 | -269.65

201 | -195.81 | 25.5 |[-209.974

213 -182.97 13.8 -218.79

854 78 104 -114
2260 100.00 333 0.00

326 444.6 38.1 119

870 1750 24.5 327.3
11400 2450 90 660

23300 2193 88.2 960.8
15800 2660 64.4 1063

50600 1187 134 1083
4-13
40 °C
40 °C 100 °C
AQ = meAT = (1 kg)(4.186 kJ /kg.°C)(60 °C) =251 J
my n
40 °C 0°C

AQ =mly + meAT =nmy(ly + cAT)

AQ =n(0.02 kg)(333 kJ/kg + (4.186 kJ/kg.C)(60°C)

.n=21
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7-13

7-13
(conduction)
.(radiation) (convection)
A
AT L
H (3-13)
(heat current)
L AT
(3-13)
(9-13) H=8Q _gaAT
At L
(thermal conductivity constant) K
K 4-13 . W/K.m
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5-13

0 °C 40 °C
(9-13)

2
H-ra2L 1 W/K.m)(QLS)(QS—O)K =25 kW
L 2x10” m

. (neutral convection)

)
(
.(forced convection)
T
T (4-13)
‘ To T (T-To)125
T>T)
(4-13)
25 °C

25°C 0°C

80 W
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7-13

A
AT
(10-13) H = hAAT
.(Newton Cooling Law) h
6-13
S50 g 0.1 kg
3.5 S min 45 °C 55 °C
.min
45 °C 55 °C
AQ; =myc;AT =(0.1 kg)(0.386 kJ/kg.K)(10 K)=0.39 kd
AQ, =myc,AT =(0.05 kg)(4.186 kd/kg.K)(10 K)=2.1 kJ
At At
c; =2.7 kd/kg.K
1 tm
(infrared) 100 m
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(11-13)

(12-13)

(13-13)

337

(Black body)

0=5.67x10"° W/m>K

E = ¢oT*

(emissivity constant)

(11-13)



To =T —273.16
Ty =2Tc +32
AQ = mcAT
AL = aLAT
AA = BAAT
AV =yVAT
Q=ml
H :ﬂz KA£
At L
H = hAAT
E=0T*
E = eoT?
24 cm 4 cm 1-13
() 20°C ().
25.4 cm
—75°C -12°C 2-13
.—182.86 °C 3-13
-5 °C 45 C 4-13
.75 °C 5-13
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500 g 100 °C

21.7 °C
500 g 90 °C

100 °C
17.3 °C

100 °C

30 20°C

-30 °C

0.5%

0.6 mm

20 °C

() .20 °C 500 g

339

.20 °C

100 g
18.3 °C

200 g

6-13

7-13

.20 °C

100 g

500 g 200 g

300 g
500 g

°C 20

100 °C 20 °C

.20 cm

36 cm
.—10 °C

200 g

()

8-13

.27 °C
9-13
200 g

10-13
cm
11-13
40 °C
12-13
.100 °C
13-13

14-13

atm

15-13



50g
100 g
2.01 kG/kg
-196 °C 20 °C S50 g
30 °C
327 °C 500 g
100 1 cm 2 m
() () .0°C
100 °C 20 °C 25 cm
Cu Al
o () .(5-13)
"';f‘ () 3cm
(5-13)
100 °C 0y 20°C (6-13)
5cm
7. s
:.:; J.I
AL 0.07 W/m.K cm
(6-13) 20 °C
.900 °C 1 kW
1300 C

16-13
17-13

18-13

19-13

20-13

21-13
°C

22-13

23-13

24-13
.100 °C

25-13

26-13

27-13
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—bh + 2 _ X

ax’* +bx+c=0= x= b+ Vb” —4ac a’xzi,axay gy G _ gy
2a a”* a?

x=log,,a = a=10" x=ln,a=>a=e" (e=2.1782818)

loga + log b =log(ab), loga — log b =log(a / b)
Ina +1nb =In(ab), Ina—-Inb =In(a/b)

-2
areir 2rrir
4nr3/3 ir 4nr2l r
27r’h ‘h r
ar’h ‘h r
: -3
sing=2 cosﬁzé tanH:E: sind ’\\
c c a cosé a
sin® @ +cos’ 9 =1 1+tan26’:;2=36020 b
cos” 0
sin20 = 2sinfcos cos 26 = cos® § —sin® 0
sin(a + f)=sinacos f + cosasin cos(a = ff)=cosacos f¥sinasin f
sina+sin,6':QSin(a+’B)cos(ﬂ),cosa+cos,6’=2003(a+’3)cos(a_ﬂ)
2 2 2 2
-4
d n n-1 d . .
—x" =nx"", —sinax = scosax, —cosax = —asinax
dx dx
d nx nx d ax™ n-1_ax" d 1
—e™ =ne™, —e™” =nax"e” ,—Ilnax=—
dx dx dx X
sina +sinf = QSin(M) cos(a _ ’B) ,cosa+cosff=2 COS(M) cos(ﬂ)
2 2 2 2
-5
J.x"dx:Lx””,Ildlenx,je“xdlee“"
n+1 X a
Isinaxdx=—lcosax, J‘cosaxdx:lsinax

a a
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I dx —1n(x+ a’ + x* J‘ —arcsinf
va? + x? Ja? a
I 2d)62=larcs1n)C _[ dx 32=i2 d

a+x’ a @ +x*)”  a® g2+ x2

-2
1m?=10* cm?=0.155in?
1in*=6.452 cm?
1ft>=144in*=0.0929 m?

-4

1hr=3600s

1day=86,400s

l1year=365.24 days=3.16x10" s
-6

1m/s=3.281ft/s

1ft/s=0.3248m/s

1km/h=0.2778 m/s=0.6214mi/h

1mi/h=0.4470m/s=1.609km/h

-8
1J=10" erg
1kWh=3.6x10° j

-10
1W=1J/s
lhp=740W

343

-1
1m=10° cm=10°> mm=10° ym
1km=10° km=0.0214 mi=3281ft
lyard=91.44cm

-3
lliter =10°cm® =10° m®
1ft°=0.02832m°%=28.32liter
1 gallon=3.788liter

-5
1rad=57.30°=180°/x
1°=0.0174rad=m/180°
1rev=360°=2 7 rad
lrev/min (rpm)=0.1047rad/s

-7
lkg=10°g
lu=1.661x10"" kg

-9
1Pa=1N/m’
latm=1.01x10° Pa



2.99792x10° m/s

1.602177x107"° C e
6.673x107"" N.m?/ kg’ G
6.626755x107* J.s h
1.38066x107* J/K k
6.022x10% /mol N
8.31451 J/mol.K R
9.10939x107°" kg Me
1.67492x107 kg mp
1.67262x107 kg mn
8.987x10° N.m?*/C* |k=1/4rs
1.013x10° Pa 1 atm
-273.15 °C 0K
1.6x107"°J eV
1.66054x107 kg 1u
931.501 MeV Mc 1u
0.511 MeV mc>
9.801 m/s’ g
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8m, 7.8 m/s (2

6.3m/s?, 2m/s, r=i (4

-2.1i+2.8j m/s (6

2.8m/s?, 1.3 m/s,4.7m, 0.5s (8

4.5i-2.25j m, -1.5j m/s (10

12.6 m (12

3i-4.4jm/s, 1.4 m (14

27.4m/s (16

5.8 m/s (18

76° (20

63.4°, 14 m/s, 2.9 s (22

121.7 m (26

3.8 m (28

42 m/s (30

1.1s,1.5m, 6 m (32

69.6 m (34

2.4 m/s (36

95 m/s? (38

8 m/s2 (40

1.2 m/s (42

2.4x105 s, 4.6x1012 m (44

4.7 m/s?, —-1.1i+1.5j m/s (46

15.5m (48

-17.3jm/s, 20 m/s (50
-10i-17.3j m/s

36 s (52

2.4°,2.01 m/s (54

1 m/s (56

-36°, 7.2 N (2
SN()4N()3N()#4
30N, 10N (6
0.049 (8
5.9 m/s2 (10
20m/s, 100 m, 2 m/s? (12
98 N (14
2.55s, 19.6 N (16
2.7m/s? (18
3.2m/s?, 4.9 m/s2 (20
-3.6 m/s?, 49 kg (22

0 3.6 m/s?
13.6s,2.4s (24

345

194 m/s2 (2
(124°,3.6),(-67°,13),(-53°,5) (4
15.5°, 132 m (6

2.3°,11.2 (10

—74°,9.9 (12

50 m, 29° (14

(-74°, 3.6), (100°,5.3), (-30°,3.4) (16
32°,5.7 (18

C=¢(i-2j), C=—i+2j, 57° (20
117°, (13,5,-7) (22

7.1 (24

142° (26

66° (28

120° (32

45°, 18 (34

0.7i-0.7j, 4i+0.8j (36
-0.1i+0.2j-0.1k

8.3x107°m/s?, 2.5 m/s (2
7x10" years (6
2.2m/s,0,-1.25m/s, 10 m/s (8
14 km/h (10

200 m, 10 s (12

16.1 m/s?2,9.9 m/s (14

31 m, 12.6 m/s? (16

11 m, 9.6 m/s? (18

33 m (20

20m/s2, 110 m/s, 80 m/s (22
1.13x10" m/s? (24
ls,12.5m, 11.1 m/s? (26

36 m/s, 60.6 s (28

16.25 m/s, -8.75 m/s? (30
208 m (32

37.5,8.7s (34

(36

20 m/s, 100 m (38

85 m/s, 8.7 s (42

44 m (44

78.4 m, 0.125 m/s? (46

29.4 m/s, 44.1 m (48

370 m, 86 m/s, 610 m, 110 m/s (SO

112.5 (56



192 kJ (56
3s()3x10*J () (58
—410J, -340 J, 0.98 m/s (60

(2.25,2) (2

R/7 (4

13 m (6

(L/6,L/6,L/6) (10

L/3 (12

135° 1.4 m/s2 (14

0.75m, O (16

52i-104j kg.m/s (18

7x105J () 2x105(5i-4j)km/h () (20
250N ( ) 625J 25 kg.m/s () (22
36 (24

0,4 m/s (26

30 cm (28

0.2 m/s?
0.98 m/s (30
23.6 km/h (32
wurel/ (w+ W) (34
13.6, 15 m (36
108 kg, 58 kg (38

R/2 (40
523 m/s, 1584x103 N (42

16 kg.m/s (2

(2)"*mv (4

443 N (6

3.25¢g,0.72 N (8

3m/s (10

0.2Ki, 0.45 kg (12

2/3 kg (14

1100 m/s (16

-0.12m/s,-1.86 m/s (18

198 J (20

25 cm (22

4.8x105J, 35.5 km/h (26
-330.5 m/s?, 9.4x10%J

20J,40J (28

0.6J (30

120° (34

83.2 N, 23.6 N, 11 kg (26
0,8m,2m/s,2m/s? (28
1.4 m/s? (30

104 N (32

111 N (34

458 N, 1.3 m/s2 (36

39.5 N (36

22.4 m/s (40

1.25N, 0.4 N,4m/s?2, 4.9 m/s? (42
0.35 (44

2.5x105 km (46

6x10* kg (48

7.8 km/s (S0

1.87 year (52

49 m/s?, 8.4 N (54

1.1m/s?, 11 N (56

3.7 m/s? (38

0.04, 0.01 N, 0.2m/s?, 0.1 m/s (60

47pR3Gm(1/d% ~1/(d - R/2)?°)/3 (62

5200 J (2

0.8J,4J (4

22.3m/s (6

-61.3J,433J (8

10J (10

-1J (12

-135.6J ()0 ( )226.5J() (14

136.2J()271.8J,0
mgl/50 (16
22.5N (18
14.7 cm (20
25.9 cm (22
960 kJ, 240 kJ (24

0()588J()49J() (26

0,-77d,397J,-320 J, 267 J (28
312.5J (30

7.5x107% J (32

Sm/s, 11.2 m/s (34
4592 m, 2296 m (36
64 m/s (38

8.85m/s (40
3.6J,0.4 (42

2.5R (44

63 m (50

5.1 km/s, 1752 km (52
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(3MP+14MP) o’ /2 (3MP+14MP)w (38
2/3, 266.7 rev/min (40

mRv/ (FMR’), mRv/ (k-MRY) (42
(3m+M)/6(m+M)g,

3m(2gh)1/2/ (3m+ M)l (44

69°, 427 N, 150 N (46

53°, 60 N (48

u(h(h-21"*/ (h) (50

6100 N, 5900 N, 6800 N (52

9.4 rad/s, 067 (2
18.8 rad, 0, 0.3 s, 0.6 kg (4
2.4 sindt, 288 J, 7/2, 2.4 m (6
1.3 m/s, 2.6 m/s (8
1.1 Hz, 98 N (10
9.8J,9.8J,784 N/m (12
0.016 s (14
3.1 cm (20
0.87 m, 378 J, 2.3 Hz (22
1.5s,3.5m (24
34.2 rad/s, 39.5 rad/s (26
124 rad/s’
50 cm (28
(12g/7)"* (30
5.2 cm (32
19 m/s, 3.5x10° N, 7.1x10’m/s? (34
6N -2.5cm/s, 4.3cm, 3.1kg (36

0.72 m (38
(2x/ MR?)"* (40
27(mR* | 2kr)"* (42

111 (2

20 kg (4

0.13%, 416 N (6

0.06 mm (8

-3.57x1019 m3 (10

314 N (12

7.1x10° Pa (14

2.9x10* Pa (16

105 Pa, 105 Pa, 970 mBar (18

6.1x103 kg/m?3 (20

p=po(l+ay), 784 Pa, 118 Pa (22
a=10"*

0.1009 kg (24

347

0.51)0, 0.871}0 (36

1.8 m/s (38

15.5m/s, 22 m/s (40
15x107*J, 87°,9 cm/s (42
-37°,12.5 m/s (44

1.2 m (2

248 m/s, 209 m/s (4

0,0.09 m/s?, 1.6x10* rad/s (6

3x104 m/s,2x10rad/s (8

6x107°m/s?

7 rad/s (10

—-463 rad/s,—127 rad/s (12
-480 rad/s?2 -210rad/s?
—272.5 rad/s

160, -4500 rev/min? (14

19.5, -0.3 rad/s? (16

71 m, -9.3 rad/s?, 60 rad/s (18
(ug/R)'/2 (20

0.58 N (2

-k m.N (4

14mP (6

1.5 kg.m? (8

50, 6.25 rad/s? (10

Srad/s? (12

58J,0.9s,4.6 m/s, 13.4 m.N (14

3.4J (16

5,-0.7 m.N (18
14.6 W

5x10%dJ, 12.2 rad/s, 3 rad/s? (20

2.9 kg.m?, 54 N, 36 N, 2 s (22

Fw’/6g (24

(9g/41)1/2 (26

2MRO/ £, 2RO/ £, 20/t (28
m(g-2R6/ £)

0.17 m2 (30

IR/ 2, mv*) 2, I | 2+mu* /2 (32
17mg/7

mR2/2 (34

126 kg.m?/s, 76 kg.m?/s (36

-21.8J



30.026 cm (10

34.6 cm (14

10.9 °C (16

46.1 g (18

63.6 g (20

52 °C, 2.5x105 W (22
3.2x105 W (24

16 (26

21 kJ (28

134 °C (30

1500 kg, 1/4 (26

882 Pa, 5 cm (28

9 (30

28.6 m/s, 53.3 m/s (32
8.14x10% N, 88.9 m/s (34
5.35x107* m2 (36

1.96x105 Pa (38

107 m/s (40

0.27 m3/s, 6.6x107* Pa (42
3.2 cm,4200Pa, 3 m/s, 0.75 m/s (44
781.25 kg/m?3 (46

363 kg/ms3 (50

0.5 g (52

0.056 N/m (54

0.7 mm (56

0.095 N.s/m? (58

6.8x10* Hz, 10.8 h (2
1.7zm™, 10xrad/s, 5Hz, 0.2 s (4
y =2cos(10zt —-1.77x)

0.65m, 1.3 m (6

y =0.02sin(1207t — zx) (8

15g,265m/s (10

0.3s,40m/s (12

1.3 rad, S cm (14

S Si (16

880 Hz, 660 Hz, 220 Hz, 440 Hz (18

25 Hz, 2 m, 4cos(50xt)sin(zx) (20

6.25 Hz, 3.2 m, 5.33 m, 16 m (22
31.25 Hz, 18.75 Hz

4.5m, 8.5m (24

100 dB, 20 dB (26

10 Hz, 211 Hz, 1.62 m (30

262 Hz, 1.3 m (32

162 Hz, 210 cm (34

474 Hz, 529 Hz (36

7.6 cm, 6.2 cm, 3.3 cm (38
262 Hz (40
61.6 m 1.62 m (42

19.4, -10.4 °F (2
~62.2 °C, 56.7 °C (4
0.908 kJ/kg.K (6
1.7 kJ/kg.K (8
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