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Equate two equations
3—x=x%>-9
x*+x—-12=0

x+4)(x—-3)=0

nx =3,—4

3 3
Azj [(3—x)—(x2—9)]dx=j (—x% —x +12)dx
—4 —4
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v Equate two equations

x>’ =2-x’=22x*-1)=2(x+1Dkx-1)=0
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y =X
- / ~x =1,—10|C} Jd2{L} x=13t0[ 0<x<2 2t0f ULk
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y=Xx cosx = x2 = cosx —x2 =02 2= #5}7| G =
: Newton-Raphson Method 2 A&

(ZAFE 22 : Successive Approximation)

x = 1£0.8241
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A= j (cos x — x%)dx ~ 1.09475
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ny?—5y+4=(y—-4)(@y-1)=0 y=14(y=18t 7}5)
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<OIX> x = y?df x =2 —y*2 ML SF2| HO|S o2k

y2=2—-y2=22(1?-1)=0=>y =+1
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A= j [2-y*) —y?*ldy = f_l(Z —2y*)dy =3
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y = 4xe™™’, y = |x| >4 =e" 2
= In4 =Ine* = x?
s~ x =+Vin4

(K28 Ol 8 7ts —x?=du=> -2xdx = du)

Vin4 ,
A =J (4xe™ —x)dx =
0
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1-VI—4L =
2 9 X° X 5
A1=f [L—(x—x)]dx=<Lx——+_>|
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<gM 10> y=x, y=2—x, y=2,y=02 =M HO|E +
o)

1 1
4= | @=y-yldy=@y-y)| =1

2 2 5
b= -@-ydy= | @-2dy=0? -2 =1

<Extra Problem>

y=x,y=6—x, y=2, y=0=2 SHMQ EF2| §O[Z {35lc}

y = X, y=6—x, y =2, y=20

2 2
A=j [(6—y)—y]dy=j (6 —2y)dy = [6y — y?*]5 =8
0 0




<Extra Problem>
x=3y, x=2+y?

Equate two equations to obtain

y:2=3y+2=-2)(y-1) =0

x =3y

/
x =2+ y?
1
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- HEE (The Method of Disks)

T [a, b]OIA y=f(x) DA ZE xSH(FE=H)2=
2HAA 2 2 TH e L[S

b
V=j m[f (x)]? dx

V= JbA(x) dx

y = f(x)
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<O X> y =%x29f x =0,y =10 M2 SHO| ACt Cr52| V=22 3|HA =
2| ™N el FO|E otk
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y=d-2x g y=4-2x = x=4;—y=2—%
—4 4 2 T (4 s 31*  16m
(@) y= jn Z—X) dyz—f (16 =8y +y*)dy = — 16y—16y2+y— =—
} ) 2 4 ), 4 3|, 73
2 2 4x31°  32m
(b) x= (4—-2x)?dx=m| (16 —16x +4x*)dy =m|16x — 8x? + —| =—
. . 3], 3
doex , QSBIRE  , LE[4-(4-22)=2x] 2 ,
4 64
Ay=4 jn(4)2 dx—J m(2x)? dx=7tf (16 — 4x2) dx=n[16x——x3] = —
2 Y 0 0 0 3 o 3
2 > = L &
2 2|8 [4+(4-2X)] 2 T 2
0 z (dy=—-4 j (8 — 2x)? dx—j m(4)? dx = nJ (64 — 32x + 4x?* — 16) dx
0 0 0
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0
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4 y? 2567
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0 4
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- 5.3 {FZ0j ot £1] (Volumes by Cylindrical Shells)

FHZF AxO| 21 X[ Z 0] ¢, @ AT

n
V. = 2rc;y) Ax f(c) O ZAgk V= Z 2me; f(c;)Ax
i=1

BT 20|74, =0
n
b
= Hi|o| &4k V= Al—l;lc}o 2mc; f(c;) Ax = j 2mxf (x) dx
i=1 a
1. AFHEUN =85 x=)2 2 2HotH y2 HEotll sXSy=)2 2 2ot x2 Had
AT U YNHS BHR (H) X it
Thickness
.".
»T )T
y = f(x)
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<O H[> y=x2t y=x*E S{MQ BHS y== T2 3T

x=x%* - x=0,1

L x=04df x=1 AFO[O| A 2= y=xOf| 2|5} Or2fZ2 FA
2 y=x2 0| 25l 2= 74

(M)
1 1 y2 1 y3 1
V:fn(\/?)zdy—jnyzdyz [— —n[—]
0 0 2 0 3 0
<HAEH, KIME> y=0| 2o 2| H5HH yof| 25 &=,
xZ 0 25l 2| SHH xOf 2ol ME2
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/
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7

a2
AbSEC}

—



<OI%l> YMH B AFZHE0| 412 B2

y=4-CT xEOE S2MQ BALS y=30= B|HSI0] Pojxl FHH o LO|E F3fe

=)

40
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(

2
V=j 2n(3—x)(4—x2)dx=2nj (x3 —3x% —4x + 12)dx = 64n
= =

V=L4n(3+m)zdy—J n(3 \/7) dy = 64w

<Note> 2|5 7thz If 7ty HAN N84 2 x=0| 251 HE5t=
A0| #|2X| y=0| 2ot HzZots AO| ¢ 2X|& E°80t= EO|Lt.
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-Radius = 3 — x—»
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v=[2m@-n(@-n-y)dy =2 [ @-nE-29)dy
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= 4 2—)(1=9y)dy = 4 2_3y+2)dy =4 y———22]=—
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A+B=Jﬂ22dx—Jn(Z—x)zdx+f7T22dx—fn[2—(2—x)]dx=?n
0 0 1 1
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1 (c) x=32 2MFLE




(b) T4 HE HIXIE r = y-(-1) = y+1 Y4

2 |
1 1 y
V= Zn[y—(—l)]((Z—y)—y)dy=f4ﬂ(1—y2)dy=4n[y ?]
0 0
(b) HME X=10|lMo| CHAS 0|88 QRHIX|IE A Rp=x+1 L
QFEHXIEB rnp=2-x+1 e 9
N
! ! 2 2 4t 4m 8m X
V=jn(x+1)2dx—fn12dx+jn(Z—x+1)2dx—j7T12dx= +—= 2
0 0 1 1 3 3 3 Radius =y — (—1)
1 @_y:-l
(o) ¥4 To=3—y rn=3-02-y) 3
Fp=35—Yy
1 't n=3-2-y)
V= [ 7 -y?-B- G-Iy = 4n -
0 ,%Q
2N\
() fME ABF Rz 2 p .
r=3-—x
! 2 7 5 Y —1 T
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Equate y = cosx with y = x? to determine two Roots using newton Rapson Method

x = 10.824132

0.824132
(o) AFT4H V= j 2m(2 — x)(cosx — x?) dx = 13.757

—0.824132

1
(a) HAMH |4 =f m(cos™ty — \/y)? dy—j
0

(2)? dy+j (2)? dy—f

» = cosx o

1
m(cos™'y —/y)* dy
0
¥
F 3
2_‘-
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FIGURE 5.33a

FIGURE 5.33b
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0.824132
(b)) FME Vv j m[(2 — x?)? — (2 — cos x)?] dx ~ 10.08
—0.824132

FIGURE 5.33c¢
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ST y=x3y=2-x*2 FAE Y, 2TF x=-2
x’?=2—-x% 5x°=1 »x=+1

1 1

1% =J 2m(x + 2)((2 —x%) —x?)dx = an (4 + 2x — 4x?% — 2x3) dx
~1 ~1

4 1 1+ 32

=2 4 . 4] _

n[x+x 3x 2x _1 37'[

X+2

y=2-—-x
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T2k [a,b]0| Al f7F H=5O0|H f(c)=b—1af:f(x) dx @l st 2= ¢ e (a,b)7F XY SHCL / \%&
- T g R\,\
9l A2 X0 B0 OIS £/(0) = - (F(b) — f(@) x\
O7|0M a=x;_1,b=2x; 2tCE. O|Z2 CHYUSIH f(x) — f(xim) = fl(e) (i —xi—q)  — >
] 3 3
y FIGURE 5.34b
f(x:) 2 2 2 ; 2
Si ¥ \/(xi —x-1)% + [f () — f-)]? = \/(xi —xi—1)* + [ () (x; — xi-41)]
f(xi1) = V1 + [ @P 0 — xi1) = 1+ [F'(c)PAx
0 Y TX  nJlle] MEo| mzto| 0|2 B $ata FMH| ZA 0|9 TAIZS TBICH
(13 535) MEZxZt 5 70| Z0| H At n
S ~ 2 J1+[f'(c)])?Ax
=1
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FIGURE 5.3%9b

FIGURE 5.39a
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O[M & 5402 &=t 20| Aty (HE=0A AFE2s B =822 &2t FEH)

71l =1 \
xX:2rp=1:2mr, X =T L
2
\
T )
ryiry—1 =111 .-.L:(Z 1)1 ,- 5
147 2

T2 2 — 1yt r,—7T
A=nrl—mnrx =ﬂ<r2l—i—> = 1l (u> = 1 (ry +r2)< 2 1>l =n(ry +1,)L
2

A4 541a2f 54100 M 20 & 2 TN 2H 0[] A th2 KO A thet =9 20| (O 2|o| Z X[ xOf
Aol 2| £0[5 &M T2 [a,b]olM HEdi=H =Tt

=, 29| 40| \/1 + [f'(x)]?Ax t ¥y = fx)
HF9| LO| 2n(BHX|5)= 2m f(x) P p

b }
Szf 21 ()1 + [ (]2 dx 2 Vi |
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y=4x2+1 (1<x<2) f'(x):6x% S=| J1+[f'(x))2dx - \/1+(f’(x))2=\/1+36x

2

=j V1T 36 dx x| e 0|23 u=1+36x du=36dx
x=1->u=37
x=2 ->u=73

1

=3, \/_du— l ] (73\/ — 37v37) = 7.38
37
<=M 13> 2| M| 2EHO0|E Fol= 88w AMa L1 X ZAHIE THotE;
y=2x—x2 (0<x<2) IS ESINES

2

b
= j 2mf ()1 + [f'(x)]2dx = J 2m(2x — x2)J1+ (2 — 2x)% dx

0

2
p f (22 — x2)J4x? — Bx + 5dx = 1097  A|BHEO| /1S, 2X|HOZ A e
0



74 L

<TI?_‘X'” 15> §|7(|_-II'”9-| = 2

O] +otet

T
Yy = COSX (OSxSE) S| M= =

T
2 = = — =
S =j 2mcosx+/1 + (—sinx)2dx = 7.21 XZ™HE0| 27ls, =X|HOo R Aot
0
<=Ml 11> = 48] £0[& 5t
1 1 1 1 1 1
= —yi4yr— (—2<vyv<-1 ’ —v3_ = — |3 __—
X 8y +4y2 =Y ) ') 5 /3 2( )73)
”\/ -1 1 1\]° -1 1
s= [ VIFTFOPay = [ 1+[—<y3——>] ay= | 1+—<y6—2+—> dy
a —2 2 3 ~2 4 y°

—J_l ! 6+2+1 d —j_l . 3+1 d —1j_1 3+1 d
V

Ayt 1t 33

204 2y%| 16



<=X| 10> A2 40ft B0l &= ZCf AtO|Of| 2= 7t O QULCH 2 O] BA0| M y =10 (e%+e‘%) QI
Tt —20 < x < 200{ M Q| 2= o] ZO|E 5t}

I

X X X X b
f@=10(etes)  fE =50 =len—em) 5= | ITFEPd

2
1+[f'X)]? =1+ E(er_O— e_Zx_O)] =1 +%(61£0 + e_lio— Zeo) =1 +%(elio+ e_liO— 2)
2 2
=%(e1£o+e‘1io+4—2)=%(elio+e‘1io+2)=%([e(%)] P
2 2
= %(6210 + e_Zx_O) = E (er_O + e_Zx_O)]

20 1 X x 201 X X X x 120
O[X s = f E(eﬁ + e_ﬁ) dx = 2] E(eﬁ + e_ﬁ) dx = ZO[eﬁ — e_ﬁ]o =20(e—e™ )
—20 0

~ 47.01ft
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Note :
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F=
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h()E CIHOlE = t= 20| +H2ZFH CHo[d A=K HE|=2



St @I X|gk CHOJRICHO M M =7t K F £ 8ft/s2 F|O{SRLCE CHO| M7} +=HOf
Zt

<OH> =
gt o] £ 5 35tEt

h(0) = 15ft, h'(0) =8ft/s, h'"(t)=-—g (—32ft/s?) (Newton's 2nd Law)

Integrate h'' (t) to obtain h'(t) (=)

h'(t) = f h'(t)dt =—gt+c; applyh’'(0) =8 = 8= ~h'(t) =—gt+8
Integrate h'(t) to obtain h(t) (X&)
h(t)=j(—gt+8)=—%t2+8t+cz apply h(0) =15 = 15=c¢,

Substitute g = 32 (ft/s?) =  ~h(t)=-16t>+8t+ 15

MaTb =00 EO|E I, & h(t) = —16t2 +8t+15=—(4t +3)(4t —5) =02 UFStE= t = —(s)

ol mf & n'(t=2)=-32(3)+8=-32¢H 5, o wgoz 328 £=2 =ojzict



<OX> =X 25 : &5 NS Sk 64 ft/sE X JO|M #H2 =2 £0t =T I, 52| K| &+Z ol
-1 S

o 2|11 0|2t &0| 30 HA= T AlZtS ot

X &M Mg 21X h() =
59| 21 0| = HE7L 07} &= X h'(t) =0

=M 7K E h'(t) = -32 ft/s? ot M E: h'(t) =-32t+¢ CHA| BB h(t) = -1662+c¢,t+c,

h(0) =0 = ¢ = 64 h'(t) = -32t+64

hO) =0 = ¢,=0 h(t) = -16t%+64t
Ol X1 =0l ht) =0 L I O|2E2 = 0=-32t+64 = t=2(s)
30 =O0|= h(t=2) = -16(2)2+64(2) = 64 ft
30| ol EO{X|= =7t h(t) =0 = -16t2+64t = 16t(4-1)

50| 350 U= F AlZEt =4 (s)



<OjX[> =7dct 50| ==5t7| #loll 22 XS 5= : S+ &H Michael Jordan 2| +=% £0| Z|

54inchO|Ct. Y0Io| HE £ 22 Eo|QEW 0| £0|7HX| Hof E £ U7

Ql [ M

Jordan Q| X|Cj £=Z! = 0| 54" = 45ft= h'(t) = 0 & [Off ZHAisiCt

rot

I‘I% Z—II\_E h’(O) = Dy
XZ Xl h©) =0
Jordan?| 538 75X = Newtonl| 2&HA 0| A h'(t) = -32 f/s?

=H HEZ W) =-32t+¢ RO)=vy = vo=c;=> h'(t) =v,— 32t

T = O

h(t) = —16t* + ¢1t + ¢, RO0)=0 = 0=c, = h(t) = vt — 16t>

X =0l =2 h'(h) = 0 & I} = 0=v,-32t = t=_

il g

2 2

2 2
X Ll = — Yoy _ Z0) Yo _Y% Yo _ Yo _
O] I} Z|T§ &0l hit =22) = vy (2) - 16(2) =L -2 =% =45/

SV =V288 = 17 ft/s
0

al

/|

=
=

o
—



<O|H|> OIXHH EHAMH 25 : =HM7t % oz 2H ¢
T vy =98m/s¥ [EH SOt S¢e| A7) ~H

|0 13

(3092 22 0|2 9|2 WALE|UC He S
2 Jozt A2 ¥ ) £0|2 Tt

o |

M fIXl y) =0 MS &% y'(0) = 98 sin30 = 49 m/s
A) y e =2EdE ISR g y'(t) = -9.8(m/s?)
y'(t) = -9.8t+c; y'(0) =49 = ¢ =49
y'(t) = —9.8t + 49

X 2= y(t) = -4.9t2+49t+c,

0 ~y(t) = —4.9t% + 49t

y(0)=0 = ¢
7019 MgE FAIE M, f[X| &9 =2 &4 y() = —4.9t? +49¢
M7t X0 BO{&E O yit) =0
0 =—49t% + 49t = 4.9(10 — t)t

~t=10s (FN7} LOt7h= AlZh



(B) x ¥ =8H= ME Xl x(0) =0

ME £& x' (0) = 98c0s30 = 49v3 m/s
7IE 2 QI0] dEe £ (MF £)= H[HTHC
~ x'(t) = 49V3

K| &= x(t) =49V3t + ¢y, x(0) =0 =c,

~x(t) = 49V3 ¢
1027 EOorZt A2l -~ x(10) = 490v3 = 849m

Z|CH=0| £l AlZE y'(t) = 0= —9.8t + 49
~t=05s

X Cl=0] y(t =5) = —4.9(5)2 + 49(5) = 122.5m



<O|X[> X[&0{A 3000t &S0 HEZS0] BOE If EHO| =
=0 &= y(t) SEHIEE y'(t) = -32 ft/s?
XMZXl y0) = 3000ft HSHLE y'(0)=0

y't) =-328 FHHEZ y' @) =-32t+¢

y(t) = —16t% + c1t + ¢y

y'(0)=0 -0=¢; » y'(t) =-32t
y(0) = 3000 - 3000 = ¢, » y(t) = 16t% + 3000

SIE0| Hol EO{X|& =7t y(t) = 00|22
0=—16t%2+3000 -t = 13.69(s)

of o] =9 H=

I-'<'5H2
= A=

o] £EE Tt (27|ME 2A))

y'(t = 13.69) = —32(13.69) = —438.18ft/s = — 298.8 mph (O}2H £ EO{X|EEZ minus’? 22)

3ot 37| W

0ot

=Sk

rot
I1
g
MO
o

=2 Z|F £E7F y'(t)=10mph 7} =Lt



- TE2] (Unit)
1ft = 12inch, 1ft = 30.48cm, linch = 2.54cm, 1mile = 5280ft = 1.6km

-FAYE (Weight Density) or H|S & (Specific Weight) : y (Gamma)

k kg - 1 N _ ~
y=p-g (N/m? lb;/ft>) = A R (22| BISE : 9800 N/m3, 624 1b/ft3)

-H|ZF (Specific Gravity) : §

- Pgas (o4 7|0 A STD at 17|, 20°c)  Stia =
air at STD

-2 A (Weight) : W

pliq

pwater at STD

Sg as

1lb, accelerates 32 lbm of mass 1ft/s?> =5 1lb, = 32 lb’s";ft
1lbf accelerates 1slug of mass 1ft/s* = 1lb; = Slt‘i'ft
, 2
W=F= %OH O|5t® 11b,, weighs 1lb, = 1lbmlb32f/f{5 = 11b,
347p, - 52
1slug - 32ft/s?
CC ; = —
= 1slug weighs 32 1bf = 1Slug Tt 32 1lb,



-4
Tkg weighs 9.8N or 1kg weighs 1kg,

mg 1kg-9.8m/s 1kg - 9.8m/s?
W = I _ gk /57 = 9.8N or J ¥ / = 1kg;
ge 1-— 9.8~
N - s2 T kgs-s®

-0l L4 X| 5! Power
X : & x HZ| = N-m = Joule (J), Power (AZHY
Ibsft=Btu, 11b,=4.48N, 1Btu=1,055J 1Btu/hr=293W

&L

-

sk ). J/s= Watt (W)

1 lb,, = 0.454kg, 1 slug =32 lb,,

A (Ounce: 0z) <0 H| 6-5>2f 2+
1g; = 0.035 0z
m = 6.144 x 1072 slug = 1.98 Ibm = 897g,,
A0 19, weighs 1g¢

[t2tA 897 g,, weighs 897g; Ol 2, 897 g, 2| FH = 897g, x 0.035 (%) =31.50z
f



- 5.6 =o|star 902 S8

(Work) (N-m, Ib,-ft) : Path function, Position dependent property

M0 2EAFAM e[ d BHE S4E M o @ W =F-d

> [©
0]
-0

= A0 2&ot= gld

20t 42 ek xdehez 247 dxBrE 22E I ¢
b
W =j F dx
a
(Hooke's LawOf IHELCH  F

=lx OI7I0IA k= 84H 4%

oT =2

xolAL el Bas Y W= dex—f

T (Ibs /ft or N/m)
xk dx = « x?
Xax = 2

0
<OXl> 24X 1, 2

o T =2

= =c|=0 3,2 =&0| =Lt EO| 6 inch =0{Lt=0 €23t 2= 5|2t

F =kx Ol A 3ibf =k Gft) fk=12ib/ft TR W =Zx% = (1;2) (%)2 = > (Ibf - )



st
| —

o
=

rot

ol
=

<OIAMl> (MYx M7} 200 Ib; 2| HIEZ 3ft {2 I
W = Fd = (200)(3) = 600(lb; - ft)

2) oA 4ft SO RICHIE CHA| LI E R
= g2 A&t AHe[of B[HSI2EZ 0] &

If ok ¥ (Work is Position dependent property)

= 2
= A7t 00|22 Y& QO|LC}.

<OIF>  EIXIZ0| 10t TRYO| Y0 20| 7S At YTt O] 2 BF TLYLH TR AS Fofe

* X
7 OEfA2tA FHE[Z 08510 == dx8| Y| &= F2tCt

r? =10% — (10 — x)? = 20x — x?

20-x XZEE dx O| B1I| dV = ridx = m(20x — xz)dx

0" s St YR B aF
—— dF = (ZZE9| 2I)) (el 2ule 29| 2A: HIEE)=n(20x — x¥)dx (624lbf)

x2Zt= qv € mu=d €%t & aw
dW = dF (20 — x) = 62.41(20x — x?)dx(20 — x) = 62.4x(20 — x)?*dx

20 40000
M 2 w= j 62.47x(20 — x)% dx = 62.47T< ) = 2.61 X 10°1b; - ft
0



b, ft

)

S

= A ASE7| QBHM St 2 S 0|83 UK
AlZHS 0| 8310] £ 0| #SlE AARSICE

- Impulse (FE2) : J ( kg;m :

2ot oHX|E
Impulse= 21t

A=0| & F7t AZE t=02H t=T7tX| S M|0f| 2t&SIC} O] W AlZH oA 2] S |2 2/X|7F x(t)O| ™
FEO M2 #HElo o5t F=ma=mx"(t) = tO0f Cidt0] HEsHT}

T T
j Fdt = mj x"'(t) dt

0 0
FT =m(x'(t) — x'(0)) = m[v(t) — v(0)] = FT = mAv (Av: S E2| H}E)

O[H|, & Ft)7t AlZhH 7+2F [a,b]0fl HE}E M BIEL J= Ct51 20

b b
J = j Fdt = j mx'"'(t)dt = m[x'(b) — x'(a)] = m(v(b) — v(a))



SR
mq X m;
—0 ) 00— S E EHH
X1 X2
SXo HEAl my(x —x) = my(x; — X)
x| 2kz= A My Xxy +myx,
2o o O X =

mq, + my
n0e| EE my,my, - mp0l A4 xq,x5, -+, x,0 SOHUAS M 2E

My Xy et MpXy «—n— A9

O| 1Xt & (First Moment)
m +---+m, <+« =XlZf

o =0

Che| dojg Aoz FHEE YE pix) (kg/m, slug/inch)7t B0l

b M ffp(x)xdx
_J m fbp(x)dx

= Al

S o

M7t x=a2ZFH bTtX| BMK

ol=2

W

ifl



<CIX> 30 inch OFTYOI2| EHIZOIT FRO| p(x) = (== + =) (slug/inch)2 &

890

30
m = J <46 890>dx:6144><10 2slug = 1.98 Ibm (897g,,)

O 7|0j| Al 1.98 lb,,weighs 1.98lbf or 897g,, weighs 897 gy
195 =0.035 =2 (0z)  [hEtA 897g, = 897 x 0.035 = 31.5 0z

<OIAMl> HSA

30 (1
M B fo (46 890) dx 1.205 ~ 19.6 inch
m~ 61a4x 102 61akx 102~ OM¢



-THO|AM AH2lde| AKX M &=

water d P =r,d (Hydrostatic Law)
" -H10[7} A9l THO| A8 B B (£, 2 BYSO| R
F = PA =r1,Ad
- 4ol 2&85l= €
0 .y
x R7t2 0| BHB W (vdx O R B3 B
dF = 624 2L\ W (x)dx x = 62.4x W(x)d
3 = ]? (xX)dx x = 62.4x W(x)dx
' M ” F = [62.4x W(x)dx
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100: 40 =60+ K: K

2400+40k=100k

~ K= 40

100 : W =100 :100 — x

VVX

100 — x

s W =

100 W = 100(100 — x)

100’

62.4(Wdx)x = 62.4x(100 — x)dx

dF =

S
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