Solutions Assignment 1 (Math V1101 - Calculus Il - Section 8) Fall 2013

4. The projection of (2, 3, 5) onto the xy-plane is (2, 3, 0); z
0,0,5)
onto the yz-plane, (0, 3, 5); onto the zz-plane, (2,0, 5). 2.0.5) (0.3,3)
o 2.3,5)
The length of the diagonal of the box is the distance between
the origin and (2, 3, 5), given by
(0,3,0)
0,0,0) e
VE2=02+(3-002+(5-0)2=38~6.16 @000 LT
2.3,0)

12.
An equation of the sphere with center (2, —€, 4) and radius 5 is (z — 2)2 + [y — (—6)]2 +(z — 4}2 =5%or

(x—2)+(y+6)°+ (z — 4)* = 25. The intersection of this sphere with the zy-plane is the set of points on the sphere
whose z-coordinate is 0. Putting z = 0 into the equation, we have (z — 2)* + (y + €)* = 9, z = 0 which represents a circle
in the zy-plane with center (2, —6, 0) and radius 3. To find the intersection with the xzz-plane, we set y = 0-

(z —2)® 4 (z — 4)® = —11. Since no points satisfy this equation, the sphere does not intersect the zz-plane. (Also note that
the distance from the center of the sphere to the zz-plane 1s greater than the radius of the sphere.) To find the intersection with
the yz-plane, we setx = 0- (y + 6]2 +(z— 4}2 =21,z = 0, a circle in the yz-plane with center (0, —6, 4) and radius V21

15.
Completing squares in the equation 2 + ¢ + 2 — 2z — 4y + 8z = 15 gives

(2" — 22+ 1)+ (3" —4y+4)+ (2 +824+16)=15+1+4+16 = (z—1)°+(y—2)> +(2+4)* = 36, which we
recognize as an equation of a sphere with center (1,2, —4) and radius 6.

37. This describes a region all of whose points have a distance to the origin which 1s greater than r, but smaller than E. So

inequalities describing the regionare r < \/z2 +y2 + 22 < R orr’ <z’ +y° + 2> < R%.
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39.

3

21,

32.

. From the fipure, we see that the x-component of v is ¥

(a) To find the - and y-coordinates of the pomnt P, we project it onto Lo
and project the resulting point ¢ onto the - and y-axes. To find the
z-coordinate, we project P onto either the zzz-plane or the yz-plane
(using our knowledge of its z- or y-coordinate) and then project the

resulting point onto the z-axis. (Or, we could draw a line parallel to

QO from P to the z-axis.) The coordinates of P are (2,1,4).

(b) A is the intersection of L1 and Ls, B is directly below the

y-intercept of La, and C is directly above the z-intercept of Lo.

Vectors are equal when they share the same length and direction (but not necessarily location). Using the syminetry of the

— _— — —_— — —

parallelogram as a guide, we see that AB = DC, DA = CB, DE = EB_ and EA CE

a+b=(i+2j-3k) +(-2i—-j+5k)=—-i+j+2k

2a+3b=2(i+2j—-3k)+3(-2i—-j+5k)=2i+4j—€6k—-€i—3j+15k=—4i+j+9%

laj = /12 + 22+ (-3)2 =14

la—b|=|(i+2j—3k)—(—2i—j+5k)|=|3i+3j—8k| = /32 +32+ (-8)2 = /82

v1 = |v|cos(m/3) =4 - + = 2 and the y-component is
= |v|sin(m/3) =4 g = 2+/3. Thus

v=(or,0) = (2,2 V).

-

U

wiy
= R —

The given force vectors can be expressed in terms of their horizontal and vertical components as
20 cos 45° i + 208in45° j = 10/2i + 10/2j and 16 cos 30° i — 165in30° j = 8 /31 — 8. The resultant force F

1s the sum of these two vectors: F = (10 \,"5 + 8 V’ﬁ} i+ {10 v@ — S]j ~ 28.00i + €.14j. Then we have

|F| ~ /(28.00)% + (6.14)> = 28.7 b and, letting & be the angle F' makes with the positive z-axis,

tanf@ = Mi — g = tan_l (M) o ]240
102 +8+3 102 +8+3
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51. Consider triangle ABC', where I) and E are the midpoints of AB and BC'= We know that AB + BC' = AC' (1) and
—_— e —_— —_— — — — e —
DB+ BE=DFE (2). However, DB = %AB, and BE = %BG. Substituting these expressions for DB and BE into

—_— e —_— — —_— — —
(2) gives %AB + %BC = DE. Comparing this with (1) gives DE = %AC. Therefore AC' and DFE are parallel and
—_— —_—
DE| = }|ac|
5. Since § = % but r and z may vary, the surface is a vertical half-plane including the z-axis and intersecting the zy-plane in the
half-liney =z, = = 0.
7.2=4—1>=4— (2 + y*) or4 — 2 — y?, so the surface is a circular paraboloid with vertex (0, 0, 4), axis the z-axis, and

opening downward.

9. (a) Substituting z® —|—y2 =r? and z = 7 cos #, the equation z*—z+ yz + 22 = 1becomes r’ —recosf+ 2> =1or

22 =14+rcosh —r:

(b) Substituting # = rcos @ and y = rsinf, the equation z = z? — y2 becomes

z = (reosf)? — (rsinf)® = r*(cos® 8 — sin” 8) or z = r? cos 26.
5. Since ¢ = %, the surface is the top half of the right circular cone with vertex at the origin and axis the positive z-axis.
6. Since p = 3, x> + y? + 2% = 9 and the surface is a sphere with center the origin and radius 3.
0. @z’ 22+ +22=0 = (22+3y*+2%)—22=0 < p*—2(psincosd) =00rp=2sinpcosd.

b)z+2y+32=1 <= psingcosd +2psindsinf+ 3pcosp =lorp =1/ (singpcosf + 2sinpsinf + 3 cos ).
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