Sohail Farhangi Math 2153 Recitation Handout for 4/21/2022

Problem 1: Suppose y = f(x) is a continuous and positive function on [a,b]. Let S be
the surface generated when the graph of f(z) is revolved about the x-axis.

(a) Show that S is described parametrically by 7(u,v) = (u, f(u) cos(v), f(u) sin(v)), for
a<u<b 0<v< 27

(b) Find an integral that gives ths surface area of S.

Apply the result of part (b) to the surface S; generated with f(z) = 2?, for 1 < x < 2.
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Problem 2: Given a sphere of radius R and a length 0 < L < 2R, show that the surface
area of the strips of length L on the sphere depend only on L and not on the location of

the strip.

strip 1 strip 2 strip 1 strip 2
a1 = =1428 as = 1 a1 = =3.158 as = 2.452
b1 = =0.503 b2 = 1.925 b1 = =2.233 bz = 3.377
surface area = 23.2478 surfacearea = 23.2478 surface area = 23.2478 surfacearea = 23.2478
a by az b,

Figure 1: An example of Problem 2 with L = 0.925 and R = 4.

Hint: Problem 1 can help.
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Problem 3(Surface Area and Volume of a Torus):

(a) Show that a torus T" with radii R > r (See figure) may be described parametrically
by r(K,0) = ((R+1cos(K)) cos(0), (R+rcos(K))sin(f), rsin(K)), for 0 < K < 2,
0<6<2m.

(b) Show that the surface area of the torus T is 47*Rr.

Interestingly, the arclength of the small circle is 27 and the arclength of the large
circle inside the torus is 27 R, so the surface area of the torus happens to be the
product of the arclengths of the 2 circles from which it is created.

(¢) Use part (a) to find a parametrization §(K,60,r) for the solid torus T (T from part

(a) as well as its interior), then use § and a change of variables to show that the
volume of T is 7r?R.
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Problem 4: Let z = s(x,y) define the surface S over a region R in the zy-plane, where
z > 0 on R. Show that the downward flux of the vertical vector field F' = (0,0, —1)
across S equals the area of R. Interpret the result physically.
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Problem 5: Let S be the upper half of the ellipsoid %2 + %2 +22=1andlet F = (z,2,y).

Use Stoke’s theorem to evaluate
/ / (V x F)-ndsS. (1)
S

Figure 2: A view of S and 0S.
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Problem 6: Let C be the circle 22 4+ y* = 12 in the plane z = 0 (as a subset of R3) and
let F' = ((z +4)%,yIn(y + 4),e* *V?). Use Stoke’s theorem to evaluate

]ﬂ Fdr (2)
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Problem 7: Let S be the surface of the cube cut from the first octant by the planes
v=1,y=1,and z = 1. Let F' = (2%, 222,9%). Use the Divergence theorem to evaluate
the net outward flux of F' across S.
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Problem 8: Let S be the boundary of the ellipsoid %2 +y? + 22 = 1 and let F =

2

(z2e¥ cos(z), —4ze? cos(z), 2ze? sin(z)). Evaluate the outward flux of F across S.
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