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(31) 9.1 Arc Length

Thelength of thecurvey = f(x) a<x<b Ay
y=1(x)
——'—‘\‘_—_

L=l 1+(dy)2dx ' //x=

dx

Thelength of thecurvex = f(y) a<y<b y=b | __—




(31 9.1Arc Length P2

Example 1
1 v 2
Let the curve C: y_Zx +3— x€[1,2] Finditsexact length
X
Solution
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dy_3 . L
dx 4 , 3x? , ,
daet 7B 1 1
@ =G~) + =) -3
- dy\* 3 22+ 1 2+1_ 3 ., 1 ?
(dx) —<4x) (3x2> 2—(4x 3x2>
BBl g la
= e
b
d 2
sz 1+(—y> dx
X
% 2
—f<E 2+Ld —J-(E 2+1 )d [ +_ 1 — @i -
= 7 % 32 ) = (¥t 3 x=|7x X i
1 1
_(8 1) (—1 1) 35 1+1 SR 2 53 =M002
"4 6/ \a -3/ "7 64 3 12 _E
Example 2
T _—
LetthecurveC: vy =In(cosx) , xe[o,g]. Find its exact length
Solution
y=ln(cosx)_
2 Cons
dy L,
(5) = tan® x
dy
1+(x) =1+tan?x = sec?x
dy\*
1+ a) =secx
b
f/1+
a n
A mw
L= fsecx dx=[ln|secx+tanx| = ln|sec§+tan§ — In|sec0 + tan 0|
0

=In|2 + V3| - In|1 - 0] = In|]2+ V3]
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(31 9.1Arc Length P3

Example 3

LetthecurveC: y? =4x , y€e[0,2] Find its exact length

Solution

Let y=2tanf = dy = 2sec’6 df
at y = 2tan6 =0 6=0
T
@ ohyi==2 2tanf = 2 tanf =1 HZZ
s
¢ 1
bt f\/1+z-4tan29 - 2sec’0 do
Ux n I = fsec39 do
L= [fv1+tan20 - 2sec’d df =2 [tsec’d df
™ u = secl dv = sec’f do
1 4 du = secOtan6 dbf el =i [tan@
=2-'=|secOtand + In|sech + tan 6|
2 LL=uv—|vdu
0

NE

I, = secOtanf — jsec@tanze do

B= [sec@tane + In|sec6 +tan9|]

0 secOtanf — f secO (sec’8 —1) do

= [V2(1) + In(¥2 + 1)] = [(1)(0) + In(1 + 0)]
V2+In(v2 +1)

secOtanf — f(sec3 0 — sech) do

= secHtanf — fsec39 do + fsec@ do

= secfHtanf + fsecﬁ do-1I;

21, = secOtanf + In|secH + tan 6|
I, = % [secOtan 6 + In|sec + tan O]
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(31 9.1Arc Length

P4

Find its exact length
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Example 4
e +1
LetthecurveC: y=1n< - 1) , €[In2,ln4]
Solution
=In(e*+1) — In(e* - 1)
dy  e” e  ef(e*—=1)—e*(e*+1) e*le*r—-1—e*—1]
dx e*+1 e*—1 (e*+1)(e*—1) - e?* —1
—2e* -2
=g s g o AL cschx
(2) = coan
P | = csch? x
d
1+<—y) =14'csch?x = /¢oth’ x
dx
b
=f /1+
a
In 4 In4
cosh x
= cothx dx = f -
sinh x
In2 In2
In4
= llnlsinhxll = In(sinh(In4)) — In(sinh(In 2))
In2
= lnl (eln4_ e—ln4)_ lnl (elnz iR e—lnz)
2 2
_ 1<4 1) : 1<2 1)_1 15 3_, (15 4>_1 5
" i 2 2}~ el BN E 2017 7




(31 9.1Arc Length P5
Homework

1 In x = 1
1l | LetthecurveC: yZExZ_T | x€[2,4]. Finditsexactlength

1 [ o
2 | LetthecurveC: y:§x4-|-F ) x €[1,2]. Finditsexact length

X
3 | LetthecurveC: _1 + k €[1,2]. Finditsexactlength
= 1 y - 6‘x 10 x3 ) X ) . g
T

4 | LetthecurveC: y =In(secx) ) X E [0 'Z] . Find its exact length
5 | LetthecurveC: y = coshx ) x €[0,1]. Finditsexact length
6 Find the length of thecurvey = Invtanhx ,1 < x < 2 37 August 7, 2010

(4 points)
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