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1.1 Slope of a Curve

v =1mx +b

1) Main Facts

increasing

m = slope of the hine

m > 0. Line goinguphill

m = 0. Line going downhill |

m = 0. Line 1s horizontal |

[ [ Dlel sle as|< 1> €8]
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1.1 Slope ofa Curve

Slope of a Curve

v = fix)

Definition. We define the
slope of the curve to be the

slope m of the tangent to fix).

m = (. Curve going uphill

m = (0. Curve 1s horizontal

m = (. Curve going downhill _|

5|
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EXAMPLE 3

Numerical Solution

X t(x)
21  — [ 12.6100
2.01 12.0601
2.001 12.0060
2.0001 12.0006

Graphical Solution

13

H =)
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Graphical Solution

EXAMPLE 3

Numerical Solution

- ) 1 /
2.1 126100 u/

2.01 | [Fg— [12.0601 "

2.001 | [F8— [12.0060

2.0001 | |[F8— [12.0006 _
& EEEFEEENIT REEE

Graph ‘
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Computation of Limifs

=10l x|

EXAMFLE : 3
Lim X-38
Analytic Solution ¥ 2
Lim x-8_Lim (x2)(x 2x+4)
x—>2 X-2 x—>2 (x-2)
_ e ¢ el -
X—> 2
= (2% 2(2) +4) [
. 3
bk X8 _ 47
X=>Z X - 2 Cuntinue|

=
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lim
x—da

f(x) does not exist
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Example Problem 1

) Al X1
t(:’i): i = xl

2-x i x>

Find: 1M fix)
x—1

Solution 1 _Graph

Lin = AR o
s 0= 5 @-x)
= _]

|
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_ Limm
= o Ry

-4, Lim gy
Find: H_%l_flxj

Solution 2 Graph |

Lim ey = Lim , . r
x—1 )= 55 (@-X%)

= 3 m

SEFLEEIEIN | RE 'E|ﬁ|i
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Example Problem 3

L. |2x+1 it x<1
f(x) = 2-x x>

Find: M f(x)
Xx—>1

Solution 3 Graph

Lim f(x) = Lim -
x—>1 ':1':} = e (a i % ) J
— J

& | || tﬁ|§|¥_!!]“ > | o |l
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1.4 Limits Involving Infinity.

Detinition
The limit as X goes to infinity of a
function 1(x) is L if, for any £ =

there exists 2 number N = (0, such

that, ©ix) - L| = £. whenever x = N,

fx)-L|<¢

=101 %]

|Example

lim1=0

X—>»00

Proof

Given any number € = (. choose
N = 1/g. Then, whenever x > N,
f(x)-L| = |(1/x) - O]

= [1/X] < [1/N]

=
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Limit Theorems
Theorem. If f(x) —= L, and

g(x)—= M,
as x approaches to a, then,

=10] x|

Theorem. If P (x) is a polynomial
of degn, then:lim p (x)=p (g
: n

X—a hn
Example:
lim 4 2.2i1— 2t 2.3%%
3}?{_}3!@. 3xhl= 3 =33 41
—81-27+1
=55

Example

1) Iim_ x2_ lim xe«lim x
X—5° X3 X5

=33 =2
2) lim_ E4:[1iﬂ1 !{T:f: q1

Theorem. If the limitas x—a
of a function f(x) exists, then itis

Example: Discuss
1y im  <inf1/
4) ey sin(1/x)

lm v <in(1/
5) : sin(1/x)

X3 X3
=1

ml EEFLEEIEIN | KIREIE]
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1.4 Limits Involving Infinity.

Definition

The limit as X goes to infinity of a
function fixy1s L if, for any € = O,
there exists a number W = 0, such

that, fix)- L) < g. whenever x > N.

fx)-L|<¢

'{'_hec:rem If g(x) < f(x) <h(x) and
1m — 1
el 8 X)= 11’11 h{ﬂ L. then
lim = = )
i (%) L: LSaﬂdﬁlch Thm.)
Ex. A e L
. S g =
lim _ 1 _ lim simX _ lim 1
X—Poo ¥ = X—doo  x = X g
- lim sinx _
lim sinx
}E—}{b—:}h X D

=l fl=al-1 LS =1EN | RIERSE
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Definition of Limits

1) INTUITIVE DEFINITION

The limit as x goes to ¢ of
f(x)1s L if f(x) 1s close to L,
whenever x 15 close to ¢

=10l %]

=2
—
T

__/-/

CX

EEE R N T REEE




(o) x|

File Edit Page Applications Help

Definition of Limits

;‘L f(x)=L
1) RIGOROUS DEFINITION
t(x)-L|<e
The Immit as x approaches ¢
of a funtion f(x) 15 L. 11 tfor L+g
any number ¢ = 0, there o
exists a number & = (. such S
that [f(x)-L|<e, whenever CprC cts
Ix-¢| < 8. 1 1x-c/<3

o ECERCEON | R
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Confinuity

— Ex. 1)||Is f(x) cont. at x =27
Detinition
A function I{x) 15 continuous at a _ 33_ 3
point X = a, if: 1(x) = 0
1) fila)is defined e e
2 Im gy exists Solution ||No, because (2)
Ao 1s not defined.

[ Ble = al=als [ N> <=
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Continuity
— Ex. 2)[|Is {{(x) cont. at x =27
Definition
A function fix) 1s continuous at a -3
[point x = a, if’ X-8 if };%2
1) fia)is defined flx)=4 x-2
) lim g 5 if x=2
2 X) exists =
e ————INo. I guyiqyy |
3) lim e Solution
x—»a 1) =13
lim
x—»a 1)

= [ oz al= ol [N > =]
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Continuity

=10 x|

— Ex. 3)||Is {(X) cont. at x =27
Definition
A function %) 13 continuous at a -3
pomt x = a, if; X-38 1f};%2
1) fia) is defined f(x)=9 x-2
. 12 if x=2
2) }?1_11}3 fx) exists i i
o R
Solution X2 HX) =102
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2.1 Denvatives Notation y = fr"ﬁ'} e
Definition
- Lim | fixth) - fi(x) . dy  Lim Ay
= (x)=== = i

X x+h
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=10f %]

Sum Rule

v =f(u), u=g(x), v=hix) N2
ac TV T d By _ YV - e -
%{'M = % 5 a;fs Aui - Av
: e = Au+v) = Au+ Av

. du . v ;‘1!345—1_'):;‘135 _;;11'
d uw .. i dx £X X AX
de v y 2 . .
Taking the limit as AX goes to 0

s d i d(u+v)_du  dv
& i dx dc dx

o [Clel= a= ol <




dx i dx dx

[ S R

ax UV ax 1 ax
e du_y dv

d u dx dx

ac v 12

dv _ dv  du

ax du  dx

=10f x|

Product Rule

\'.I."r
;’”\}

alla A 4B

e

Auv) =uAv +vAu + Audv
A (uv Av
= ——+9 ——J—HJ
Ax Ax Ax
Taking the limit as 4x goes

d (uv) " dv
dx ~ Yde

|

‘ = G CIN | RBEE]
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Product Rule

\\I."r;,e %
mq«

alla A 4l

A(uv) = uAv +vAu + AuAv

Auv) Av _JH_,_‘l_.rfJ

Ax Ax AxX  Ax

dv _ dv  du
dx du  dx

i EEIEIN | BE

-Elﬁ|i
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| Quotient Rule
v =flu), u=glx), v=hix) dzv)_ _dv  _dz
ax ax ax
A du  ch :
Y= et Jdz _ dzv) _dv i
aix i : dx ax dv || Let z=—
d _ av . d u du udv
5., o= 3 B . 3 8 o P O B s
cx L dr 1 ax 1r:f_*c vV odr vdk
. du av
1'@_,?5@ 1.f2?7 H_‘IE_HE
d u _ g dx de v ,
dc v V< .
y AU _ g dv
dy _ dv  du da u _ _ de dx
dxy  du dx dx v 1<
L=l g Cadleal TN | KRS
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Trigonometri 1
_ _ L = = .
‘ Brief Review \ cos B i sin B
_sin B -
taﬂa_cosa COs B
1 sec B
rce B = — tan o
RO R e 9
y
0 _ cosh 1
cot 0= 5 cse H
1
. . , B
sin @ =y/r csc B =1/y sin0=0 cot 6
: . =1 2
Cos 0 =XT secB=r1'x cos0=1 sin“B+cos B =1
. : . v, o)
tan 6 = y/x cot B =x/y sin /2 =1 tan™8 + 1 =sec®
T 2 2
X =1C0s 6 y=rsino cosm/2=0 cot™8 + 1 =cscd

] A=A Gl

‘i‘alm Cont |
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‘ Sum fommlas \

sin(B+¢)=sin 8 cos ¢+sin ¢ cos B

cos(B+d)=cos B cos d-sin ¢ sin 6

Special Angles

(0

sin o

(-1.0) cosB {1,0)

(0.-1}

2 /16
3 %’_341
w3 /4 [
1 ]

1 y=sinx
/\/\/
i 2 3m  4m

) =cos X

_1\/ A

T 2T 37 47

st@iﬁamlalmﬂll*l*l-[élﬁl
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Derivative of fix)=sin x

. ' d

—him — SIN X = COSX
dx h—0 h dx -
dy —fim sinxcosh +sinfcosx —sinx
ax ho h
d_y_]jm sinx(cosh— 1)+ smnhcosx
dx_h—m h
dyv .. . (cosh-1) sin h
i 4, N Krii e
clx h—}}] i h +h—:-3] oSt h
dy (msh—l) . sinh
e lin cosx lim -
clx quh—};l} h quh—}}] h
%:sinx-0+ms.x-l

| =) =l SISTEIS | RIS
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File Edit Page

Computation of Limits

Discussion

lim SO _,

=0 ©

Ex.

lim sindx _ 4 1ijm sindx
x>0 3x 3 x>0 4x
— 4 lim sin®
3 0>0 6
= 4/3

=}

LE:{ai‘nple

lim tan 3x
X0 £ 2

_9 lim

. 3|
S1n - 3x

,?
9 lim tan 3x
5 x—0 9};2

? X0 Ox *

-
COs” 3x

_ 9 lim [ﬁiﬂiﬁT 1

3x

in 3x T_ lim !

2
COs- 3x

-

.
X0 005 3x

:
} , lim £
X220 657 3%

m| Al EH=TEINY | RIRES
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[1::]1c:1t 111&1‘11[1:;&11:&11 y=+41 e
Pd .dery :d y=4(1—x2)17
God q g d d
& T T a gyz%il xz)‘”%(l x?)
dy dy
2x+2y= =0 | 2y==-2x||d
Y dx Y dix A S
ax 2 ] —IE
@ _2x ay _ x .
dx_ 2_}’ %Z_ﬁ y: A ﬁ:_-ﬁ
dx +y1-—x? dx -
C Y Graph |

S EEIEN T REEEE
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.6 Implicit Differentiation (2)

Example

2

I—IB_+y—

a’,x_ }:‘

203 _|_},2f_;: )
a a o _d o
cdx a'.xy a’.xﬂ
2 _ipdy

3 3

dy  x-153

HEIB

dx

dy
135y ()
dx

1/3

=10l %]

=]
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2.6 Implicit Differentiation (2) Example |v* —I—«il.xzy2 _|_y.4 =

d 4
2 +4dx(.xy)+dxy

453 +4(2xy2+x22ydyj+4ydx 0

dx

dy LAy
4x° 4+ 8xy? + 8x2y—= +4 0
Aoy el

(8x%y + 4y3)% =-(4x°> + 8xy?)

dy (4% +8xy?) |dy _ x°+2xy°
A Sxly+d4y? A 2x%y+yS

=1 = B EEIEIN T REEE




3.1 Related Rates 4) Differentiate with respect to
Introduction l Hme.
Related Rates problems 5) Solve for the unknown
involve variables that change variable. Plug in the data.

with respect to time.

6) Read the problem again. Did

To solve related rate problems. you answer the question?
try the following strategy.

- - Geometry Formulas
1) Draw a picture. Assign | -

variables. | Examples l

2) Write out the given data.

[dentify the unknown. 1) Balloon
. : BB
3) Write a relation between the .,:J Cone
appropriate variables 3) Boat

E| ,EI

ol alelas [ <a]
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1) PYTHAGORAS'
THEOREM

2) AREAS AND VOLUMES ||

a) Box

e

b) Cylinder

¢) Sphere

- X
d) Cone
Volume = xyz

¢) Pyramid

— Area = 2(xy+xz+yz)

LY

||
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Helpful Formulas |

1) PYTHAGORAS'
THEOREM

=10f x|

2) AREAS AND VOLUMES

a) Box

b) Cvlinder

¢) Sphere

d) Cone

¢) Pyramid

P
Volume =nr h

Area=2xnrh

|
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Helpful Formulas |

1) PYTHAGORAS'
THEOREM

|

=10§ x|

2) AREAS AND VOLUMES ||

a) Box

b) Cvlinder

¢) Sphere

d) Cone

¢) Pyramid

Volume = @4/ nr

-

Area=4mr

8|
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Helpful Formulas i

=10 x|

1) PYTHAGORAS'
THEOREM

2) AREAS AND VOLUMES

—|

a) Box

b) Cvlinder

¢) Sphere

d) Cone

) Pyramid

]

Volume =(1/3)nr h
Area=nrL

E
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Helpful Formulas |

1) PYTHAGORAS'
THEOREM

_|
2) AREAS AND VOLUMES _|

a) Box

b) Cvlinder

¢) Sphere

d) Cone

e) Tetrahedron

— Volume = (1/3)Ah
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Xat a 1. ; A . m
A balloon rising straight up. The
distance » from the balloon to a
range finder located 400 ft from
the point of lift off 1s increasing at
a rate of 150 ft/min. How fast 1s
the balloon rising when » = 500 ft?

=y2+4002
d 4 dy _r di
—(f‘z) =—f(yz+4003) i d
2748 _ 0 B a9 0187
T~ dt|, s 400
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The angle of depression to the bow

of a boat from a 25 m tower 1s 0.4
rad when the boat 15 150 m awav.
If the angle 1s changing at 0.02
rad/s, what 1s the speed of the boat?

=10] x|

Solution Samee
‘;—9: 002 x=150 When x=150, ¢sc8= 37
!
3 X _ _95(37)(0.02)
EZEDtB x=25cot0 P '
dx 2 d0 dx _ 18.5
o —23¢sc EE At -

||
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Example 2. Fillinga Cone || Solution [NELEE e [[h=4
Water is pouring into a conical dr _
cistern at the rate of 8 cu. m /min. » 6
If the height of the cisternis 12 m = 1.5
and the radius of the circular h 12 V= Eﬁh
opening 1s 6 m. how fast 1s the . h
water level raising when the water 2
1s 4 m deep. dh _ 4 dV
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Take the first derivative and set equal to O

f I y -2x Critical Point
Lﬁx}l = 7 .f 'IrT/'] = ) P, = (.
x - 4 (x<-4) S
(x2- 4)2 (-2)+(2x) 2x*-4)(2x)
.f 'IrT)] - 3 A
(=)
o 2(:«:: - {J[-rx:-af) +4x:]
f )= a—
(=)
L 2(3x°+9)
x) = ~.
f ") w2 4)3

f70)<0 | Rel. Max. at x =0

=) = EEE EEIEIN T KIBEEE
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Mean Value Theorem

Theorem:
If f(x) 1s continuous on [a.b], and
differentiable on (a.b), then, there
exists at least one point ¢ in (a.b)
W g ; \ &

here £1(0) f(&)— f(a)

i —

b~

=1o) %[
Example
fx)= x>-3x on [0.3].
a=( fla)=0
b=3  f(b)=1§
m= % m=6
Tei— x°-3

theorem

2
At least one point fﬁfjﬂf,ﬂ' e T
quaranteed by 2

362=0 c=13
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File Edit View Go Insert Object Text Draw Tools Help
FHSn Ry me| ORI 22 A

= . e b | 1‘_- A

Mean Value Theorem | Example
Theorem: flx)= Ij_j x on [03].
If f(x) 1s continuous on [a,b], and a=0 fla)=0
differentiable on (a.b), then, there p=3 ff’b} 78
exists at least one point ¢ in (a.b) |
where = = 2 18-0 _
. b)— f( = m=—0
rio-L2=7@ )
EJ‘ — _ 2
fx)=3x -3

fre)=3¢-3=6

3c2=9  |e=98

o =3
| Graph E Ma:rale E
o ECERCEENT RN

| Field "f3" of Page "MYT" 5430825 | [ B[4 16cf22 [)
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y =f(x) Problem. Find the relative extrema

Step 1. Set [ '(x)=0.

Solve to find the critical points c.

Step 2. Evaluate f "at x=c.

f "(c) = 0. Rel. Maximum

f "fc) = 0. Rel. Minimum

=l

r

f"(c) =0. Inflection Point 7?7 _|

i

N

\\\

Picture| Diff2 | Ex.

B

IE

ezt =1 | RIESE
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Take the first derivative and set equal to 0

| : ’ . Critical Point
2= 57 fel= ———=0
x + 4 (x“+4)~ —
"x) {I:;4.L'|r1/]_'_'|ra1f/11'|rqf"“;/]'|rat/]
"=
e :{I:':’ 4) -4’1*:?:-5-4 —f——’}’xi
fx) = 2l : ,L ]
(x<+ 4)
o 2(3x%-49)
xX) = :
[ ) Fed

f"o)<o Rel. Max. at x =0

E.I ﬁiﬁiﬁitﬁlﬁiﬂmiﬂm Continue
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4) Use the Constraint to
eliminate one variable

Goal:To find the maximum or
the nunimum of some function
in certain domain.

5) Apply the derivative tests

Strategy

1) Draw a picture. Assign
variables.

2) Identify the Objective
Function

3) Identify the Constraint

6) Reread the problem. Answer
the question

| Examples: I

1) Folding a box

2) Cutting a beam

3) Can of soup

|

‘ EIIEEF E?;.fa|ﬁftﬁ|§|<¢ﬁ: !_lJi > -E|ﬁ|i
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4a] b

An open box 1s to be ma:ie by 2= 130,00 CM
cutting out the corners of a square —_—
sheet @ cm in diameter and folding = | 20.00 cm
up the sides. What 1s the maximum H= 2.00 cm
volume?

Volume 2000.00| cm®

] | 3
:]_1 = 45 |
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A beam of rectangular cross-
section is to be cut fromalog of |[|[A=xy=x (4-X")
radius 1. Find the dimensions of
the cross-section that will DA - 2.
maximize the area.

Solution




I Ch3 CalcI
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=10f x|

Find the dimensions of a can of
soup of minimum surface area, if

the volume 1s 167,

Solution

T
h

V=mrih=16

A=2nr’+2nrk
h=16/(nre)
A=2nré+2nr(16/nr?)
A=2mri+32/r

Al = 4nr-32/ré=0

4y =32/pe
p=2g3
b= 4/

if ¥r>0

r3=32/47 = 8/n

h=16n%%/(4n)
h=12r

A" =47 + 64/r? >0

=1




-
o

=101 %]

2.6 Newton's Method

\ :
(1)
v - f(ty ) o
- =T (1
X-1Ip 0/

v-flto)=f'(to)(x -1y

il )
l..fr. 0 == I.'- I._F.n'
f (Tg) :

& [ ol = lal= a[s [T <=
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4.2 Differential Equations

Introduction:| Equations of the
form

dy/dx = g(x.y)
are called first order differaential

|Gas"e dy/dx = g(x)

Solution: y= [g{:::]l clx

= dy/dx = 2x

Solution: y =| 2xdx=x° + ¢

We get a family of solutions

labeled by c. To determine ¢ we

need initial conditions such as:
y(0) = -4 ! 4

B|er | = || 23] 8 | [ Continue|
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File Edit View Go Insert Object Text Draw Tools Help

FHSHpRIE[R= = RDARIHTE £ 2 A
Bl o+ 4 i &

FREE FALL i

An object 1s thrown downwards
from a height sy with inital
velocity v . What 1s the height
as a function of time?

‘Solution || Newton's Second Law

F = mals(0)=so0 |[p(0)=vo

av 7y
i — MER ;=8

Vi gy == o+ Vg

Graph |

o l

EEEFEEIENTT REEE
| Picture "eq?" of Page "deq" | 43654275 | e E’ Jof13 ﬂ
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Area Under a Curve

How do we find the area under
the function f(x) between x = a
and x =b? F

Partition the interval [a,b] into n

; : ! Ky %4 A X X%y
equal pieces by choosing points :
a=X <X <-—-<X <----<X =b
0 1 i fl
Draw vertical lines at the AA = (x;) AX

partition points. Approximate
the area by rectangles.

m=f’;ﬁ' Xi =a +iAx as ﬂﬂﬂﬂ" A

iiE] ﬂluiuinlrni»l | |5|e

el
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AX+AX)-A(X)

Theorem (FTC)

S WOUEYS

| fw)dx = F(b) - F(a)

where,
F'(x) = fix) dA _ lim ﬂ=ﬁ‘i‘)

dx _J.'»:—}C' AX

Discussion: Let A(x) denote the
area under f(x) in the mterval d ¥
[a.x]. R = | At)dt = fix)
Alx)= | f(t)dt X *a
v
Ex. d g e 7 . 7
AA = A(x+AX) - A(X) = f{x) AX ot sin 1°dt = sinx ;

oo = al=als ] I« » =
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Theorem (FTC)

L [° fidr = fix)

[ﬂﬂx']dx =F(a)+C =0

C =—F(a)

F'(x) = fix)

|’“':' Sl = E(B)— 5 ()

where,

|b fix)dx = F(b) — F(a)

(cont) [Iﬂr)dr = F(x) + C

|”" f(x)dx = F(b) + C

=l Al EIN | RIEEEE
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File Edit View Go Insert Object Text Draw Tools Help
B HSHpRFE =2 D-DRJEHHE L ZA
|1 ok 2 2 €

3
1a
@
: 1] 4 )

Xx=4.5
|| |

«| | 10 ALS
Scan Rewvrz Frame: Flany Scan
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Trapezoidal Rule

Let A be the area under the
function f(x) between x = a and

Partition the interval [a,b] into n RN ) ook
equal pieces by choosing points |
a=x <X <-—-<X <-—-—-<Xx =b

-~ : - AX AX
Draw vertical lines at the A=X Efi{:s: )5+ f (%, )+f *fxﬂ 3]-—3

partition points. Approximate
the area by trapezoids.

A= 1(x) A+ [f(a)+f(b) X

b -3 = - s
Ay = X =a+1Ax
AX = i

Maple |

A=[f(x)+ o 2F (x))4 - T (x,)] B2
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| Example 1

Find the volume generated by
rotating the area bounded by
f(x)=x*+1,x=-1,x=1, and
v = (), about the x-axis.

Disk
;
S—
dV = n r2dh
Washer
Shell

dV = 2arhdr

dV =7 y-dx

[3

=

o alm o] NI« » =]
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Volumes of Revolution |Example 1

1 Find the volume generated by
V= EnJ. vz dx rotating the area bounded by
0 f(x)=x*#1,x=-1,x=1, and
v = 0, about the x-axis.
V= 2nJ. x +1) dx
0
1 |
= 2TI:I . |
0

(
v=onl 3+ 28+1) dx

:
V = 21 [(1/5)x5+ (213)x°+ x]‘
0

V=2n[1/5+2/3+1]=28

t|e = | @lm & 8] L] Continue|




Washer

Shell

dV = 2Z2nrhdr

_10| x|
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'Example Z.

Find the volume generated by
mt.ﬂting2 the graph bounded by
f(x)=x“-3,x=0,v=06, around
the v-axis.

‘d‘i" — 27x(6-v)dx

|

Pac 3D |
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Volumes of Revolution 1Example 2.
~ ) Find the volume generated by
V'=2m | i 1(6 y)d:t: 1'«:rifﬂti11g2 the graph bounded by
= 2 f(x)=x“-3,x=0,vy=6, around
V=2m ; x(6 —x° +3)dx the v-axis.
il ’
V=2 t:I(?.a' )
Z

1
V=2n81]=-—
[2 4 ‘d‘i-" — 27x(6-y)dx.

Pac 3D | = EECIE ENTT RISESE
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Example 3 45

Find the volume generated by & ) 7
rotating the area bounded by el —
fix) =-x2and g(x)=x about

x

the v-axis. ' '

: . . 2 dV =2ax [ f(x) - g(x)] dx
Sum the volume of the shells

I il h as X ranges from -1 to O.
0 , = (0

; o || dV=2arhdr | Fy_ oy j_l x[f(x) — g(x)]dx

Set x2=-x X {x+1)=0

x2+x =10 x=0,x=-1 Maple ‘
Sphere Tank I Bell I ‘- [ Eﬁ?iﬁ'_| Ellglﬁ‘]mlmﬂ’l%jﬁl
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_______ =Py

dV =2ax [ f(x) - g(x)] dx

Sum the volume of the shells
as X ranges from -1 to 0.

v=2n | alfx) - g@)]dx

Maple ‘
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Bell

ftx)

____________

= -

b
|

)

dV =2ax[f(x)-g(x)] dx

Sum the volume of the shells
as X ranges from -1 to 0.

v=2m | xlfx) - g@)]ds

Maple ‘
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Example: Find the arc length of

y=x¥ 0<x<4
ds? =dx’+dy? dy =:x'"dx
dgz = d_xz + [%_xlﬂd_sz

ds® = dx* +§xdxz

d3=1fl+%1dx '
a4

5=_|rJ Jdl +§xdx

= £ 9.13/2
BE 9[1 +4x]

— & 312
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MXx=m x; + m, X,
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