Quiz 2 for Math114, 2009 - 207, 208

P(2,4,3) and Q(2,4,—3) are two points in R3.

1. (1) What is the set of points M such that the distance from M to P
is equal to the distance from M to Q7 Write down the equation. Can you
describe the set of points in words?

Ans. For M (x,y,z), we have |PM| = |QM]|, or
VE=2P+ 42+ (-3 =V -22+ -4+ (+3)
Squaring both sides gives
(-2 4+ y—-4°+(=-3°=(z-2>+(y -4+ (2+3)°

or
(z—3)% = (2 +3)?
22— 62+9=224624+9
122 =0
=2=0

This is the equation of xy-plane. Hence, M is any point on the zy-plane.

(2) What if the distance from M to P is three times the distance from
M to Q7 Show that the geometry of such set of points is a sphere. Explicitly
write down the coordinates of the center and the radius of the sphere.

Ans. For M(z,y, z), we have |PM| = 3|QM|, or
V(@ =22+ @y - 42+ (2 -3)2=3V(r -2+ (y — 42 + (2 + 3)2
Squaring both sides gives
(@=27+ -4+ (-3 =9{( -2+ @y -4+ (:+3)%
Expand both sides and get

22 —dr+4+1y? —8y+16+2°—62+9 = 9(z? —da+4+y* —8y+16+2°+62+9)
=922 — 362 + 36 + 9y* — 72y + 144 + 92 + 542 + 81

Simplify
822 — 32z 4 8y? — 64y + 822 4+ 60z + 232 =0

or
15
x2—4x+y2—8y+z2+?z+2920

Complete the squares and get

15\2 81
—9)2 — 4)2 2) ==
(x—2)°+ (y )+<z+4> 16

This is an equation of a sphere centered at (2, 4, —%) with radius %.



P(2,4,3) and Q(2,4,—3) are two points in R3.
2. N(1,2,1) is another point in R3.

(1) Write down the vector of NP — NQ.
— —
What is the dot product between NP and NQ?

Ans. NP=<1,2,2>, NQ=<1,2,—4>
—_— —
NP-N@Q = <1-1,2—-2,244>=<0,0,6 >
—_— —
NPeNQ@ = 1+4—-8=-3
(2) What is the angle between NP and Né? Write down its cosine value.

—_— — —_—
Ans. NPe NQ = |NP|-|NQ|cosf

—3=+vV14+4+4V1+4+ 16cosb

Thus
-3 1
cosl = ——

V21 Va1

(3) What is the vector projection of NP onto N—Q>?

Ans.

. — NPeNQ NQ -3 1
Proj—=NP = — e = — < 1,2, A >=——=< 1,2, -4 >
Ne ING| NG| 2 7
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