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Arc Length

One of the uses of definite integrals is to helps calculate the length of an arc for any defined curve.

- When calculating arc lengths, the function in question must be continuously differentiable

on a given interval. Further, given any curve, the graph must be a smooth curve on the given
interval.

Definition of Arc Length

Let the function given by y = f(x) represent a smooth curve on the interval [a, b]. The arc length of f
betweenaand b is

b
s = f J1+[f(x)]? dx

Similarly, for a smooth curve given by x = f (), the arc length of g between c and d is

d
s = f J1+1[g' ()2 dy
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Example 1: Verify the distance formula forthe length of a line segment.
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Example 2: Find the arc length of the graph of y = — + > on the interval [
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as shown in the graph.
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Example 3: Find the arc length of the graph of (¥ — 1)® = x2 on the interval [0, 8].
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Example 4: Find the arc length of the graph of y = In(cos x) on the interval [0,15].
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2009 (Form B)

Question 1

A baker is creating a birthday cake. The base of the cake is the 1
region R in the first quadrant under the graph of y = f(x) for

0 < x £ 30, where f(x)= 205in(%). Both x and y are

measured in centimeters. The region R is shown in the figure
above. The derivative of fis f’(x) = 2%(:05(%).
(a) Theregion R 1s cut out of a 30-centimeter-by-20-

centimeter rectangular sheet of cardboard, and the

remaining cardboard is discarded. Find the area of the
discarded cardboard.

(b) The cake is a solid with base R. Cross sections of the cake perpendicular to the x-axis are
semicircles. If the baker uses 0.05 gram of unsweetened chocolate for each cubic centimeter of cake,
how many grams of unsweetened chocolate will be in the cake?

(c) Find the perimeter of the base of the cake.
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2 :1int |
(a) Area =30-20 _ll fff(x) dﬂ: 218.028 cm> 3. { integra
0 1 : answer

e

r(f@Y
f %( > ) dx & 2356.194 cm’ 3_{2:integra]
0 :

1 : answer
Therefore, the baker needs 2356.194 x 0.05 = 117.809 or 117.810 grams
of chocolate.

(b) Volume =

(c) Perimeter

. 2 :int 1
30 4] i+ (S (x))7 dy = 81803 or §1.804 cm .. F-Lﬁfﬁi \




