Find the area of a surface S




Find the surface area of a torus.
Assume the radius of the “hole” in the torusis 1 and
the radius of the circular cross-section is also 1.




Describe each position vector r in terms of two pa-
rameters
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Take a cross-section of the torus. Let 6 be the angle
this cross-section makes with the positive r-axis.
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Let 1 be the angle the radius vector of the cross-
section makes with the zy-plane.
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z = siny
r =24 cosy

(x,y,7)

r
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r=rcosf = (2+ cos)cosb
y =rsinf = (2 + cost)sinf

Z = sinyY

H




r=((2+ cosy)cosf, (2+ cost)sinf, sin)

it




, (2+cos)sind, sin)




r=((2+ cosy)cosf, (2+ cost)sinf, sin)

We need to calculate % X g—;
i j k
—(2+ cos®)sin€ (24 cosyp)cosf O

— sin cos 6 — sin sin 6 COS



r=((2+ cosy)cosf, (2+ cost)sinf, sin)

We need to calculate % X g—;
i 7 g
—(2+ cos®)sin€ (24 cosyp)cosf O
— sin cos 6 — sin sin 6 COS

= (2 4 cosv)(cos @ cos1p, sinfcosp, sin))



or oOr

%x@ = (24 cos®)(cos b cos 1, sinfcosp, siny)
56 X 55| will be:

(2 + cos ?ﬂ)\/cos2 0 cos? ) + sin? 0 cos? 1) + sin® ¢



or oOr

%x@ = (24 cos®)(cos b cos 1, sinfcosp, siny)
56 X 55| will be:

(2 + cos ?ﬂ)\/cos2 0 cos? ) + sin? 0 cos? 1) + sin® ¢

= (2 + cos w)\/(cos2 6 + sin? 9) cos2 1 4 sin® 9

= 2 + cos



or Or
— X —

Area(Torus) = /O ) /OZW 20 Oy
_ /0277/0277(2+cos¢)d9d¢
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A donut is essentially a torus.




Suppose sugar is sprinkled over this donut and the
sugar density (in mcg/cm?) is:

0=z forz>0

The density is 0 for z < 0




The mass of sugar on one section is 0 dS




The total mass on the donut is [/ ,0dS




r=(x, y, 2)

(24 cos)cosf, (2+ cosy)sinf, sin))

So, 0 =z=siny for 0 <Y <
We already know that dS = (2 4 cos ) df dy

Mass://deS:/OW/O%Sinw@—I—cosw)dew

— 27T/7T(281n¢ + sin vy cos ) dip
0

= 81 mcg of sugar



