HOMEWORK SOLUTIONS

Section 16.6 - 3, 5, 13-18, 19, 23, 25

Lrfav)=(ute)i+(B3=-v)j+(l+dudtSe)k={031)+u{l.0 4+ {1, =1, 5). From Example 3, we recognize

5 (s, t) = {s, Lt = s'}}, s0 the corresponding parametric equations for the surface are z =s, y =, = =t* = 5°. Forany

13

14.

15.

this as a vector equation of a plane through the point (0, 3, 1) and containing vectors a = {1,0, 4} and b = (1, =1, 5}. If we

i jk

wish to find a more conventional equation for the plane, a normal vector tothe plane isaxb =11 0 4|=4i=j=k

1=1 5

and an equation of the plane 5 4{x =0) = (y=3)=(z=1) =00rdr =y =z = =4,

point (x, i, =) on the surface, we have = = y* = z*. With no restrictions on the parameters, the surface is = = y? =z, which

we recognize as a hyperbolic paraboloid.

riw,v) =uwcosvi+ usinej+ vk The parametric equations for the surface are r = wcos v, ¥ = usino, 2 = v. We look at
the grid curves first; if we fix v, then = and y parametrize a straight line in the plane = = v which intersects the z-aas. [fuis
held constant, the projection onto the zy-plane i circular; with z = v, each grid curve 15 a helix. The surface 15 a spiraling

ramp, graph [V,

riw,v) =ucosvi+ wsinej+ sinuk. The corresponding parametric equations for the surface are r = ucosv, y = usinw,
r=snu, —r % u L w [Fu = ug s held constant, then r = wp cos v, y = wo sin v 50 cach grnd curve 15 a cirele of radius
[atn| in the horizontal plane = = sinwg. If v = wp is constant, then © = weos vy, y = usinwy = = (tanwvg)x, 50 the
gnid curves lie in vertical planes y = &z through the z-axis, In fact, since x and ¥ are constant multiples of u and = = sin u,
each of these traces is a sine wave. The surface 15 graph [

r{u,v) = sinvi+ cosw sin 2vj + sinu sin 2v k. Parametric equations for the surface are @ = sin v, ¥ = cos u sin 2w,

z =sinu sin 2w, [fv = vy 15 fixed, then = = sin vy 15 constant, and ¥ = (sin 2vg) cosu and = = (sin 2vg ) sin u describe a
cirele of radius |sin 2, |, so each corresponding grid curve 5 a circle contained in the vertical plane = = sin v, parallel to the
wz-plane. The only possible surface is graph I1. The grd curves we see running lengthwise along the surface correspond to
holding u constant, in which case y = (cosug ) sin2v, 2 = (sinug)sin2v = = = (tanug )y, 5o each grd curve lies m a

plane = = ky that includes the r-axs.
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16 o= (1—u)(3+cosv)cosdmu, y = (1 —u)(3+ cosv) sindru, z = Ju+ (1 — u)sinw, These equations correspond to
graph V: when o = 0, thenz = 3+ cosv, ¥ = 0, and = = sin v, which are equations of a circle with radius 1 in the zz-plane
centered at (3.0,0). Whenu = %, thenx = % + %cm‘.-v,-y =, and z = % + %zii]:l.t‘,_ which are equations of a circle with
radius J?L in the xz-plane centered at [g-, 0, 1}} When u = 1, then z =y = O and = = 3, giving the topmost point shown in the
graph. This sugpests that the grid curves with u constant are the vertically ornented cireles visible on the surface. The spiralling

enid curves cormespond to keeping v constant.

7. s=cos’ucos’ v,y =sin u cos” v, z = sin® v, If v = vy is held constant then = = sin® oy is constant, so the
corresponding grid curve lies in a horizontal plane, Several of the graphs exhibit horzontal grid curves, but the curves for thas
surface are neither circles nor stranght lines, so graph 11 s the only possibality. {(In fact, the horcontal grd curves here are
members of the family r = a cos® u, y = asin” u and are called astroids.)} The vertical grid curves we see on the surface
correspond to u = ug held constant, as then we have © = cos” ug cos” v, y = sin® ug cos® v so the corresponding grid curve

lies in the vertical plane y = (tan® wp ) through the z-axis,

18. x=(1— |ul)cosv,y = (1 — |ul}sinv, z =u Thenz® +5* = (1 — |u|)® cos® v + (1 — |u])* sin® v = (1 — Jul)*, s0 if u
15 held constant, each grid curve is a circle of radius (1 — |u|) in the horzontal plane z = u. The graph then must be graph VI
If v is held constant, 50 v = v, we have £ = (1 — |u|)cosvp and y = {1 — |u|) sin vo. Then y = (tan w)z, so the grid

curves we see running vertically along the surface in the planes y = kr cormespond to keeping v constant.

19. From Example 3, parametric equations for the plane through the point (0, 0, 0) that contains the vectors a = {1, —=1,0) and
h:{ﬂ,l,—l}are:s:ﬂ+ul[l}+vl[ﬂ} =u, y :l]+u|[—l:| +r.r|:l}=v—u., = =ﬂ+ul[l]}+v|[—l:| = =1,

23. Since the cone intersects the sphere in the circle =* 4 y® = 2, z = +/7 and we want the portion of the sphere above this, we

can parametrize the surface as r = 2 y =y, 2 = /3 = 2f = y? wherez* 4 y* € 2.
Alrernate solution: Using spherical coordinates, x = 2sindicos #, y = 2sindsinf, = = Zeosd where 0 < o <0 T and
0< 8 < 27

25. Parametric equations are r =z, y = 4dcosf, z =4:inf, 0 <z <50 < 6 < 27,



