Homework I Solution

First-Half
1.

4y —20 —4dy+82=15
22 —204+ 14y —dy+4+224+824+16=15+1+4+16
(x—1)2+(y—22+(2+4)* =36 =6

So this equation represents the sphere centered at (1,2, —4) with the
radius to be 6




2 —37=2<3-25>-3<—1,43>
=< 6,-4,10 > — < —3,12,9 >
=<9,-16,1 >

. We can take — =7 = —% <2,2,—1>=< _2_237 —§>% >

|1

Na+pb+ni=A<1,1,-1>4p<1,-1,1>+4n<-1,1,1>
=<A+p—nA—p+n-Atp+n>

Soif v=< —6,12, -2 >= \a + ug+ nc, we get

At p—n=—6
A—p+n=12
“At+p+n=-2

Solving the equations, we get A =3, u=—-4,n=>5

. < =5,3,6>-<6,—-8,9>=(=5)x6+3x%x (=8 +6x9=0, so the
vectors are orthogonal.

. Assume @ =< x,y,z > is a unit vector (|t] = 1) that makes an angle
of § with ¢ and perpendicular to £ =< 0,0,1 >, then

O0=<uz,9,2>-<0,0,1 >==2

so u=<uz,y,0 >. Also,

1 T U - U x+\/§y

— = COS — = re— =

2 3 |ullv] 4
We get x + /3y = 2. Together with |i] = 2% + 3> = 1, we get = =
%,y:%g,soﬁ:< %,*/73,0>



8. The scalar projection is Gl %
The vector projection is =5t = -+ < 3,6, —2 >=< 2L 22 22 >

9. Method I:
If “+ v L @— v, then

(G+7)- (@—7) =0
il — i TV — =0
T q—0-T=0
jd® —[7]* =0
jaf” = [o]?
|d] = |7

Method II:

Assume U =< 1, Y1, 21 >, U =< Ta, Y2, 22 >.

(W+70)-(u—0)=0
<x1+x2,y1+y2,21+22>-<x1—x2,y1—y2,zl—22>20
(21 4+ 22) (21 — 22) + (11 + y2) (Y1 — ¥2) + (21 + 22) (21 — 22) =0
-ty — s+ — 2 =0

Tyl 2 = ah s+ 2

|al? = |o]”

] = |



Second-Half

i j ok
lLuxv=]1 2 4/ =<2,-11,5>
-2 1 3

2. Let 0 be the angle between @ and v.
V3 =1 -7 =|u||t] cos
3 =|u x 9| = |u||v|sinb

cosf __ \/?3’ and

So the quotient of the above equations implies cot § = %

0§9§7r,hen060:§

3. Let 6 be the angle formed by the vectors Cﬁ and Cﬁ% Then the

stance from P to 1 is d — [0 sinf. So d — 0P |sind =0
distance from P to lis d = |QP|sinf. So d = |QP|sinf OB
P
\ M I
Q R
1 23
4. 4 (Uxw)=|—1 1 2| =09, so the volume is 9

2 1 4

5. (L—=M14+ M, (1—=X)2+A5,(1=X)3+X6), A eR
ie. (1430243703431, AR

6. If the line is perpendicular to the plane, then it will be parallel to the
normal vector of the plane, which is 7 =< 1,—1,3 >.

So the equation of the line is (24+ A, 4 — X\, 6 +3X\), A€ R



10.

11.

12.

Oz—1)4+1(y—2)+4(z—3)=0,ie. y+42—14=0

Let P = (0,2,4)% — (1,-3,2), R = (~3,-2,1). Then PQ =<
1,—5,—2 > and PR =< —3,—4,—3 > are parallel to the plane, so
PQ) x ﬁ =< 7,9,—19 > is a normal vector to the plane. So the
equation of the plane is given by

T(x—0)+9(y—2)—19(z2—4) =0,ie Tx+9y —192+58=0

Let P = (1,2,4). We can arbitrarily pick a point on the plane, say

@ = (0,0,5). Then 1@ =< —1,—2,1 >. By the equation of the plane,
we see 1 =< 3,2,1 > is a normal vector to the plane.

So the distance from P to the plane is |? 7 _ 3\/_

From the equation of the straight line, we see the straight line is parallel
to ¥ =< 3,4,12 > and @ = (1,—2,2) is on the straight line. Let

P = (1,2,4), then P@ =< 0,—4,—-2 >, and the distance from P to
the straight hne is

PQx i _|<40,-6,12>| 2

_ 445
5] 13 13

The first plane has normal vector ; =< 1,2,3 >, and the second plane
has normal vector My =< —1,2,—3 >. So the intersection line should
be parallel to 71 X 115 =< —12,0,4 >.

A point in the intersection should satisfy both plane equations

r+2y+3z=1
—r+2y—3z=2

o

If welet 2 =0, we get x = —2 and y = 2. So (—%,%,O) is a point in

2
the intersection line.
So the equation of the intersection is:

(=2 —12X\,3,4X), A€ R

) 40



