Exercise 12.R

Answer 1CC.

A vector requires both magmtude and direction for complete definition A Euclidean
vector 15 frequently represented by a line segment with a definite direction, or graphically
as an arrow, connecting an inihal point A wath a terminal point B and denoted by AB.

A scalar 15 defined as a simple physical quantity that 15 not changed by coordinate
system rotations or translations. In other words, we can say that a scalar require only
magnitude for definition

Answer 1E.
(a)

Find the equation of the sphere that passes through the point {&—2_3) and has center
{-I-.-?-ﬂ ]}

Recollect that
An equation of a sphere with center C(h,k,/)and radius ris,
(x=h) +(y=k) +(z=1) =#*
So, the required sphere equation at the center (-1,2,1).
(x+1) +(y-2) +(z-1)" =~
And passes through the point the {&—EJ}‘-then the sphere equation,
(6+1) +(-2-2) +(3-1)" =7
(7) +(4) +(2)' =~
49+16+4=r"
69=r"

Therefore the required sphere equation is, ( x4+ 1}3 +{y_2}: + [; - ]]3 =69




(b)
The curve this sphere intersects the yz—plane.
The y=z—planeis y=0
The sphere equation is, (x+1)" +(y-2) +(z-1)" =69

(0+1) +(y-2) +(z-1) =69

1+(y-2) +(z-1) =69

1+ +4-4y+2° +1-2z=69

¥y —4y+z'-22=69-6
Therefore the required sphere equation intersects the yz —plane is,

V' —4y+z°-2z=63

©

The equation in the form of an equation of a sphere and the complete squares:
X4y 4 —8x+2y+62+1=0

(" —8x+16-16)+ ()’ +2y+1-1)+ (2 +62+9-9)+1=0

(x° —8x+16)+(y* + 2y +1)+(2° +62+9)+1-16-1-9=0

(x—4)" +(y+1)" +(z+3)'-25=0

{r—4}3+{y+l]z+[z+3}: =25

Comparing this equation with the above standard form.

Therefore the sphere with center (4,—1,-3)and radius 5



Answer 1P.

Since three-dimensional situations are often difficult to visualize and work with. let
us first try to find an analogous problem in two dimensions. The analogue of a
cube 1s a square and the analogue of a sphere 1s a circle. Thus a similar problem n
two dimensions is the following: if five circles with the same radius r are contained
in a square of side 1 m so that the circles touch each other and four of the circles

touch two sides of the square. find .

The diagonal of the square 1s V2. The diagonal 1s also 4r + 2x. But x 1s the

diagonal of a smaller square of side r.



Thereforex =v2r = \2=4r+ 2x=4r+ 2\2r=(4 + 2\2)r
r=\2 /[(4+2V2)

Let us use these ideas to solve the original three-dimensional problem. The

diagonal of the cube is \l 12 + 1% 4 1? = V3. The diagonal of the cube 1s also 4r
+ 2x where x 1s the diagonal of a smaller cube with edge r. Therefore x =

‘\lrl-i-rz-i-rz =31
V3=4dr+2x==4r+23r=(4+ 23). Thus

r=\3 /(4+2+3) = (2v3-3)/2 . The radius of each ball is (v3 -3/2)m.

Answer 1TFQ.

The given statement 1s false.

fu= {ul,u,) and v = (vl, vj) are two vectors, then the dot product of the vectors 1s
given by the number w - v = upy+ w0,

Therefore, we cansay that m - v # (ulvl, ujvﬂ).
Answer 2CC.
Ifa={(s.aqa4)mdb={ 4 b} tena+b = (g+5,a,+5, a;+ b} Thus,

we can say that the sum of two vectors 15 obtained by adding the corresponding
component vectors.

If a and b are vectors positioned so that the inihal point of ¥ 1s at terminal point of w, then
the sum a + b 1s the vector from the initial point of a to the terminal point of b.




Answer 2E.

(A) L
atb
a+b
b
a
(B) L
a—b
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a-b
-b
(C)
1-—-
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Answer 2P.

AN

Try an analogous problem in two dimensions. Consider a rectangle with

length L and width W and find the area of S in terms of L and W. Since

S contains B. it has area

A(S) = LW + the area of two L X 1 rectangles

+ the area of two 1 X W rectangles

+ the area of four quarter-circles of radius 1



as seen in the diagram.

So A(S) = LW + 2L + 2W + = (12)

Now 1n three dimensions. the volume of S 1s

LWH+2(LxW=x1)+2(1xWxH)+2(Lx1xH)

+ the volume of 4 quarter-cylinders with radius 1 and height W

+ the volume of 4 quarter-cylinders with radius 1 and height L

+ the volume of 4 quarter-cylinders with radius 1 and height H

+ the volume of 8 eighths of a sphere of radius 1



So

VS)=LWH+2LW +2WH +2LH +x (1)2W +x(1)2L + n(1)2 H

+4/31m (1)3

V(S) = LWH + 2(LW +WH + LH) + (L + W + H) + 4/3 T

Answer 2TFQ.

The given statement 15 false.

Letube 2i+3jandvbeitj Weknowthatu+v={n +vi i+ {2 +w)

Findu+tv
u+v=(2+Di+(3+1)j
=3i+4

Determinelu +'ir|_
|11+1r| = «.,’32+i‘-'l2
= 1r‘§+16

=5

Now, find |n|and | ¥ |
|11|=«|,,|22+32 |1r|= ?+1
= JA+9 =2
= 13 = 2
Wethusget|u|and|?|asd'1_3+ V2.

Thmfore,wecansaythatlu|+|?| = |11 +1r|_



Answer 3CC.

If ¢ 15 a wector and a 15 a wector, then the wector ca 1s the vector whose length 1s | ¢ | times
the length of a and whose direction 15 the same as a if ¢ > 0 and 1n the opposite direction
if ¢ < 0. In other words, we can say that ¢ works like a scaling factor.

For example, let ¢ = 2 and sketch 2a

We can find ca algebraically by multiplying each of the component vectors of a If
a=aji+ag +ask, thenca =cai+ecazj +ecask

Answer 3E.

|7u’|=2, H=3, g=45

Then u-v= F;";Icosﬂ
= (2) (3) cos45°

1
=2X3x—
J_

2
=32

And Fx;I:l;IFIsinH
=(2)(3)sin45°
1

= 2}(3}(—

phs
=32

Alsouxvis directed out of the page.



Answer 3P.

(a) We find the line of intersection L . Observe that the point (-1, c, c) lies on both planes. Now
since L lies in both planes, it is perpendicular to both of the normal vectors n1 and n2, and thus
parallel to their cross product

2

i j ok
1 =026 —e® 41, —e5 =1
C

ny }‘:Hg'—_
1 —¢

S0 symmetric equations of L can be written as

x+ 1 F—¢ Z—

= = = provided thatc £ 0, 1.

If c =0, then the two planes are given by y + z = 0 and x = -1. so symmetric equations of L are
x=-1.y=-L

If c =-1, then the two planes are given by x +y +Z=-1and x + y + Z = -1, and they intersect
inthelinex=0,y=-z-1_Ifc=1, then the two planes are given by x+y+Z=1and X-y+zZ =
1, and they intersectinthe liney=0,x=1-Z



(b)

If we set z =t m the svmmetric equations and solve for x and v separately. we getx+1 =

{t— cH2e) E:-I—.':";{-r'— 1)
z s YT C= -
em+1 - 241
—Jet=f{e—1)
x= -
e+ 1
fe’— 1)+ 2
| .
| e“+ 1

Eliminating c from these equations, we have x 2 +y2 =12 + 1.

So the curve traced out by L in the plane z =t is a circle with center at (0,0, t) and radius

(c) The area of a horizontal cross-section of the solid is
Alz)=m(z2 + 1), so

I
e Va0 d e | X2 e
(1]
Answer 3TFQ.
The given statement is false.

letube 2i+3jandvbeitj Weknowthatn - v =y + 1wy

Findu - v.

a-v = 20+ ()
=243
=5

A]sa,wegetlu-'irlasﬁ_



MNow, find |u|and | ¥ |

|u|=1,,‘22+3: |‘F|=1hﬂ+12
= V13 = V2

‘We thus get |u|| ¥ | as (Jﬁ)(ﬁ) or /26 .

Therefore, we t:ansaj'thatln- ‘i"l # |u | |1ir|_
Answer 4CC.

The wector from a starting point P(x3, 1, 21) to a terminal point R{x3, 2, ) 1s obtained by
subtracting the coordinates of the first point from the coordinates of the second. Then, the

vector PR is givenby (x2 —x1,02 — .M. 22 —21).

Answer 4E.

Giventhata =i+ -2k, b=%-2j+k, c= j—5k

(&) 2a+3% = 2(3+}—2§)+3(3§— 2}+i§)
=5 +25 -4k +91—6,+3k
=1li-4j—k

®) [l={3+(-2)"+1*
=B +a+1
=ia

3

© EE:(:+}—2£).[£—2}+E—)

=3+()(=2)+(=2)(1)

—3-2—2
=3
5k
@) axd=fl 1 -2
2 1

=(1-4)i—(1+6) j+(-2-3)&
=—%-7;-5k



E bxc=p -2 1

=(10-1)i-(-15-0)j+(3- 0)

=% +15+3%
Then [Bxz|= 97 +{15)" +32
= RB1+22549
=315
® a.(bxc)=(i+5-2k).(%+155+3E)
=9+15-6
-18
: JE
(@ cxc=[0 1 -5
01 -5
=i(-5+5)— j(0-0)+&{0-0)
exc=0
ik
@ ax(bxe)=fl 1 -2
15 3
=i (3+30)— j(3+18) +&(15-9)
=3%-21j+6k




@) Propb=| 3 ﬁ H
s i(:+_,r 23:)

6 6

—%(h}—z?é)

By

(K) If8is the angle between @ and &, then

cosf =

Answer 4P.

A plane 1s capable of flying at a speed of 180 km/ h in still air.
= 180 km'h where vi 15 the mitial velocity.
The pilot takes off from an airfield and heads due north according to the plane’s compass.

After 30 minutes of flight trme, the pilot notices that, due to the wind, the plane has actnally traveled 80
km at an angle 3% east of north.

t=30min=05hr

¥g [= 80km/0_5hr = 160 kmhr, where vg 1s the velocity relative to the ground.
vg = 160cos(90°-5%) i+ 160sn(90°-5);
Let be W the win velocity

The figure for these datas is given by




a)

From the figure we can see that
vg=vi-W

W=vgvi

W= (160 cos85" i+ 160 sin85” j)-180j

= -160(0.0871557) i+ 160(0.996195)j-180j

W= 13045 i+ 150.391§-180j
W= 13045 i +{159.391-180)j
W= 13.0451i-20.6001j

The wind velocity is ~ 13.945 i -20.6091j

The wind speed is ~ \1“3*945}2 +(20.609)% 24 9kmh and

b)

Let v be the velocity that the pilot need to take.
The actual velocity 1s vW.

We need that vi=v+W

v =vi-W

v ~180j - (13.945 i -20.6001j)
v ~180j - 13.945 i +20.6091j

v~ - 13.945 i +(20.6091+180)j

¥ - 13.945 i +200.6091j

The angle for this vector is given by
tan® ~ 200.6091/(- 13.945)
0 "tan -1 (-14.383)

8~ 03.9766% or 3.9766° west of north.



Answer 4TFQ.

The given statement is false.

If & is the angle between the vectors uand'ir,thﬂnln X 1r| = |11 "'irlsinﬂ_

Therefore, we can say that|11 x ‘Fl z |11 "'irl.
Answer 5CC.

We know that the dot product of two vectorsaand bis givenby a- b = |a||h |cosﬂ,

where | a | and | b | represent the length of the vectors and & 15 the angle between them.
Thus, the dot product of two vectors can be obtained by multiplying the length of the
vectors to the cosine of the angle between them

Let a(al,ai, a3} and b (blb, b3:) be two vectors. Then, the dot product of the vectors 1s
obtained by multiplying the comresponding components and adding. Mathematically, we
can represent the dotproductas a- b = ab +ad, +ab,

Answer 5E.

Ifthe wvectors <3, 2, x> and <2x, 4, 2> are orthogonal then their dot product 1s
ZETO.

1e <3.2.x> <2x,4, x>=0

ie. 6x+8+x*=0

ie. x*+6x+8=0

ie. x'+2x+4r+8=0

1E. (x+2)(x+4)= 0

1e |I=—20r —4|

Answer 5P.
Itis giventhat fv| =2, |v2|=3,and v- v, = 5.

Find v3.

|1r3| = IPr-::-j,.,| v, | [ proj, b= [T—T) ﬁ]

- (%
oW

2[w]



Now, find w4 given by II":'-::-j‘,1 v, | :

|1r4|= IProj"ﬁl
(s
w2l Il

|"4|=

\
25 v,

el

Similarly, find vs givenby v, = I:ij':?-'l

oW 25v
2|w| 12
|?5|_ lll?l Iv:l
3
502531
= Z= | < (s
B)Ee
N
2
_ 15
72
= 5 25 125
The d =243+ 4+—+—+
m Zlw 2" 12 T2
2
= 5 {55 535
v|=5+=-+|=||=|+]=|l=]| +
Bl =5+ 3+(3)(5)+ G)E)
1-5/6
= 20

Thus, we get il‘iﬂ = 20|
=1




Answer 5TFQ.

The given statement 15 true.

‘We know that the dot product of two vectors 1s commutative.

Therefore, we can say thatu - v = v- u.
Answer 6CC.

‘We know that the dot product of two vectors can be used to determine the angle between
a-b
alfb]
know that two vectors are perpendicular if thewr dot product 1s zero. Dot product can be

used to determine the direction angle and direction cosine of a non-zero vector.

two vectors. The angle between two vectors 1s given by 8= cos_{

Answer 6E.
Consider the following vectors:
j*2k andi-2j+3k
Assume,

a=j+2k and b=i—-2j+3k

The objective is to find two unit vectors that are orthogonal to both j+2k and i—2j+3k.

The cross product gx b Is orthogonal to both g and b-

i j ok
axb=l0 1 2
1 =2 3

=(3+4)i—-(0-2)j+(0-1)k
—7i+2j-k

This vector has length J{-_.rf +(2) +(-1) = J54-

Therefore, the unit vector is,

axb _ Ti+2j-k
laxbl  J(7y +(2) +(-1)
Ti+2j-k
~ J54

Ejll-:
V547 54

(&)

Thus, the unit vector orthogonal to both gand b 15

i+

ffl“’

J. Also, we




Since, the unit vector in the opposite direction is also orthogonal to both 4 and b - Hence the

opposite vector is _a_xb
Jaxb|

That implies,

i &

Lh
.h.
'12
e

(&%)

) i 2 1
Hence, the two unit vectors orthogonal to both g apd b are || -—,—,——— )|and
(J54 V547 54 >

FE

Answer 6P.

The given condition can be rewritten as x° +yz+z2 —2ix+2y+32)< 136 or

(x — 1? + (r— 2% + (z— 3)° < 150. We have to find the equation of the largest sphere that
passes through (-1, 1, 4) and lies inside the sphere (x —1)* + (r— 2% + ¢ — 3)% < 150.
Now, the distance between (1, 2, 3) and {(—1, 1, 4) 15 given as 1ﬁ +1+1 or -JE

The largest sphere that can lie 1n this sphere has the diameter passing through (—1, 1, 4),
(1, 2, 3) and has the length as f150 + /6 .

x+1 y-1 =z-4

The hne joining (—1, 1, 4) and (1, 2, 3) 15 given by 5 = ; = 3 = £ _Thus,
any point on this line is givenbyx=2t—-1,y=¢+1,andz=4 - £.
The co-ordinate of the point that lies at a distance ﬂ]T+Jf_i -::-1'3-\;"6 15 obtained by

replacing £ with 3. Then, x =5, y=4,andz=1.

Thus, the largest sphere has center at (3, 4, 1) and radius 3\-"(;

The equation of the sphere is obtained as (x — 5° + (F—4P + - 1 < 54.



Answer 6TFQ.

The given statement 1s false.

Letubeit+2j+3kandvbei+j+k
i i k

Welnowthatu X v = |u;, u, u; |
L I T

Substitute the known values and findu x v.
ij k
axv=|12 3
111
=i(2—3)—j(1—3)+k(1—2)
=-i+2j-k

Wethus getuxv = -1+ 25— k.

Now, findvxu.
i3]k
vxu=|111
1 2 3
=i3-2)-3i(3-D+k(2-1)
=i-2j+k

Thus, ¥vxm =1-2jJ+k.

Therefore, we cansay thatu x v # v Xu.



Answer 7CC.

(a). An ellipse 1s the set of points in a plane the sum of whose distances from two fized
points Fy and F3 15 a constant. These two fized points are called the foci

The scalar projection of b onto a 15 defined to be the signed magnitude of eth vector
projection, which 1s the number ||1 |[:os &, where & is the angle between a and h. The

o a-b
scalar projection 15 denoted by compb and comp b = ——.

|al

(o]

P\

cgtﬂ
Answer 7E.

properties:

If a,b, c are vectors and c 15 a scalar then
Daxb=-bxa
ya-(bxc)=(axh) ¢

Itis giventhat u (vxw)=2

—_——— - -

(@
We know that n-(vxw)= (ux 'ir)-w

Then (nxv)-w= 2

)

Welnow ¥ XwW=—WXY¥
Then u-(w x'ir) =—u-(vxw)
==-2



(€)

As ?-(uxw)z(nxw)-? {Aza-b=h-a}
=u-(wx1r) ('.'a-(h xu:)= (axh)-c)
==2

(d)

HNow (nX?)-?zn-(?X?)
=u-0
=0

Le. (IIK‘F)-‘FZU

Answer 7P.

a)Observethat N+ F +W=10

From the problem we know that if 6 is not too large, friction will prevent that block from movig
atall. When ©=6s then | F |=psn, and the block is not moving, so the sum of the forces on
the block mustbe 0, thus N+ F + W=10.




b) For 6 > 68s , and the force H, where |H| = h and is applied to the block, horizontally from the
lefi. If | F | is maximal we know that | F |= psn

The vectors can be expressed in terms of components parallel and perpendicular to the
inclined plane as:

N=nj) ., F=pusni , W= -mg sing i - mg cosB J , H=h min cosB i - hmin sinG

Using that N+F+W+H=0

Equating components:

(psn - mg sinG + h min cosB ) i + (n - mg cosB - hmin sinG) j=0i +0 j



(usn - mg sin6 +h mincosé )=0 and (n- mg cosd - hmin sinB) =0

We can rewrite as

gsn + hmincosé =mgsing and mg cosd + hmin sinB=n

c)

psn + h min cos8 =mg sinB (1)

mg cosB + hmin sinB = n (2)

Substituting (2) into (1)

ps (mg cos8 + hmin sin8 ) + h min cos8 = mg sind

s mg cosB + ps hmin sin@ + h min cos8 = mg sinB



Hs hmin sin@ + h min cos8 = mg sinB - ys mg cosd
hmin(ys sind + cosB) = mg (sinG - ps cosB)

hmin =mg (sin8 - ys cosB) / (us sinb + coso)

i — g conel
el
Epmnd fonel
el

ﬁmin = mg

< Egoned
ool o
eh Jgsind
el o

h min = mg

hmin =mg (tanb - ps ) / (1+ ps tand)

From part (a) we know that u, = tand,
hmin = mg (tand - tanBs ) / (1+ tanBs tand)
Using a trigonometric identity

hmin =mgtan (6-6s )



Since the block is at rest for 8 = 85 — hmin= tan 0= 0, s0 no additional force is necessary to
prevent it form moving, which makes sense.

As B increases, the factor tan (8 - 85 ) = 0 and hmin increases, this seems
reasonable, because we need a horizontal force to keep the block motionless.

For8 —90°, the plane is vertically and we need a great amount of horizontal force to keep
an object from moving vertically.

d)




The direction of F change 180°.

The vectors can be expressed in terms of components parallel and perpendicular to the
inclined plane as:

N=nj . F=-psni , W= -mg sind i - mg cos8 J , H=h maxcos6 i - h max sing J

Using that N+F+W+H=0

Equating components:

{-psn - mg sinBG + h max cosd ) 1+ (n - mg cosd -h maxsing) j=014+0 ]

{(-psn - mg sinB + h maxcost )=0 and (n- mg cost - h max sinB) =0

We can rewrite as

h maxcos6-gysn =mgsine and mg cosd + h max sinB=n



h maxcos8-pysn = mg sing (1)
mg cosB +h maxsing = n (2)

Substituting (2) into (1)

h max cost-ps (mg cosd + h max sinG ) = mg sind

-ps mg cosB + uys h max sinB - h max cosd = mg sinG

-ps h max sin@ +h max cos6 = mg sinG + ys mg coso

h max(-ys sin@ + cos8) = mg (sind + pPs cosB)

h max= mg (sin6 + ps cosB) / (-ys sin@ + cosB)

o
e

hrl'ﬂl = mg — g il ool
| e

T Bt

. ol el

hmax — mg ot pysnd

=

h max = mg (tand + us ) / (1- pys tand)



From part (a) we knowthat yu_= tanf,

h max = mg (tan8 + tanBs ) / (1- tanBs tan8)
Using a trigonometric identity

h max =mg tan (6 + 85 )

As B increases we have that h max increases, and h max has values always largen than h min

As h max increases, the normal force increases as well.

If (90°- 6s ) <8 <<90°, the horizontal force is completely counteracted by the sum of the
normal and frictional force, then the horizontal force does not contributes to moving the block.

Answer 7TFQ.

The given statement 1s true.

We knowthatu x v = —(?xu).

Then, |ux1r|=|—(1rxn)| orlnxv|:|vxn|_
Thﬁrcforﬂ,wecansaythatluxﬂ:l?xnl_
Answer 8CC.

‘We know that a vector 15 completely determined by its magnitude and direction. Then,
we can say that a x b is the vector perpendicular to the both a and b, whose orientation

is determined by the right hand rule and whose length is given by |a||b |sin 8.

Let a(al,al, a3} and b {blbz 53} be two wectors. Then, the cross product of the vectors
1s obtained by evaluating the determinant given by

1 3 k
axh = @ dy Oy

bbb



Answer SE.

= (ax) [(.bx*) ].: n]

-[(5)][(59)3]
_[a(3x3)][a(5x7)]
T

: Hence proved
Answer 8TFQ.

The given statement is true.

fu-= {ul,uj) and v = ("1- vj) are two wectors, then the dot product of the vectors 15
given by the numbern - ¥ = upy+ v, Then, k(u - ¥) = kuy, + by,

Now, we have ku = (ku,, ku, }.

Find (fu) v
() - v = {f, by ) - (v )
= kuw + kv,

Therefore, we can say that k(n- ‘if) = (.hl) - F.



Answer 9E.

1+ 7
C i-o'ﬁ'd.' Oaa
N
o h
'd-' T.J" Q 1‘ e R:ﬂ:ﬂrﬂ' 5
N\ - -
N
p A
S0 \
1 \. } v
“ \'t B,. ) -
\ 10.a0
A\
Ajall’ Plaal

Let the each side of cube 15 a unit Then the co — ordinates of each side are shown

as above. The diagonals of the cube are OR and CP
Then ﬁ= S B 2 e

And Eﬁz{a,a,—a}
Then @=4a2+a2+a2=aﬁ
And CP=Ja2+a2+a2=a\E

Let &be the angle between them
As we know OR.CP= |ERF|E:;I cos &

ORCP

cosf= ———

[oxle

a +a2—a

a0

&

2

1
a3 3
Then &=cos (J T

Hence the angle between two diagonals of a cube 1s



Answer 9TFQ.

The given statement is true.

Weknowthat(c:a) xh = c(aXIl) = aX(c:h).

Therefore, we can say thatk(u x ‘F) = (i:n) X¥.
Answer 10CC.

{a)We have the cross product of vectors a and b as a x b . The length of the cross product
of vectors gives the area of a parallelogram determined by a and b.

(b)The volume of the parallelepiped determine by the vectors a, b, and ¢ 15 the magmiude
of their scalar triple product ¥ = Ia (b x l:)l

Answer 10E.

The given points are
A(l, 0, 1), B(E, 3, ﬂ), C(—], 1, 4), D(ﬂ, 3 2)
Then adjacent edges of parallelepiped are:
AB=<13-1>
AC=<-213>

_—

A= <-1,3,1>

Then volume of parallelepiped 1s

v= AB.(ACxAD)l
1 3 -1
=2 1 3
-1 3 1
=|1(1—9)—3(—2+3)+(—1)(—5+1)|
=|-8-3+35]

=6
Hence volume of parallelepiped 1s ﬁ cubic units.

Answer 10TFQ.

The given statement 15 true.

We know that wector multiplication 1s disinbutive over addition Then, we can say
that{u + v) Xxw = u XwW + v XW.



Answer 11CC.

‘We have the general equation of a plane as ax + &y +cz+d =0, where
d =— axg+ &y +c=p). Then, a vector perpendicular to the plane 15 given by

n= (a, b, r::).
Answer 11E.

4

I'I'l

|

A {l._.[l._.[l}i
!
C(1.4
B (2.0,-1)
(&)

®B)

A{1,0,0), B(2,0,-1), C(1,4,3)

Then AB=<l 0,-1>

AC = <0, 4, 3>
Let # be the vector normal to plane contain.
Then 2= ABxAC
- _} E

0 -1

4 3
=i (0+4)-j(3-0)+k(4-0)

=4 -3j+4k

Or »n=<4,-34>

=1

Area of mangle ABC = 1/2 area of parallelogram with AB and AC as
adjacent sides

1 I
=E|EXAC|
=1J4’+3’+4’

2
=%4¢ﬁ

Hence are of AABC = %Jzﬁ




Answer 11TFQ

The given statement 15 true.

Letu = (u, &, %5), ¥= (%, %, ), and w = (g, w,, . }.

Evaluate v x w .
i j k
TXW =% % W
W W, W

i{vews — W) — §(vpm — W) + Kk (v, — )

We thus get vxw as (i, — wwy, vow — v, W, — v, ).

HNow, findu - (‘F xw).

e (vxw) = (g (v — vamy, Ve — VR, VR — V)
= (v — vy ) + 1y (vom —vpey ) + s (s, — v )
= Wy, — 1w, + VW — B LW, — LYW

Eearrange the terms in the equation

u-(vxw)= (v — wmvy)w + [ —ups)w + (v — 1w w,

On evaluating (u x v) - W, we get (v, — a9y ) Wy + (5% — s ) wy + (i, — 19 ;.

Therefore, we can say that u - (?xw) = (uX'ir) W
Answer 12CC.

The angle between two intersecting planes is obtained by finding the angle between the
normal vectors of the plane.

Answer 12E.
The object 1s moved from (1, 0, 2) to (5, 3, 8)

Then the displacement of the object 1s:
s=<4,3, 6>=4i+3j+6k

The force is = E=%+35,+10F



Then the work done 1s
W=Fs
=(3-4)+(5-3)+(lﬂ-6)
=12+154+60
=

Answer 12TFQ.

The given statement 1s false.

Letu={1, 0,1}, v={-12,3), and w={2,1, 0}.

Evaluate v x w .
i 3 k
vxw=|-1 2 3
2 1 0
=-3i+6-%

We thus get v x w as{-3, 6, —5}. Onusinga CAS, we get u x (v x w) as{-6, 2, 6).

Now, findu x v.
i j k
anxv=|1 0 1
-1 2 3
=-2i—-4+2k

Evaluate(EX?)xw.
i 3 k
(nx?)xw= -2 4 2
2 1 0
=2A+4+6k

WﬂnotethatuX[?xw) = (IIX'F)XW.

Answer 13CC.

‘We know that Pp(xp, Yo, 2n) 15 a point on the line L. Now, let P(x, y, z) be an arbitrary
point on L, m and r be the position vectors of Fp and £. Then, the vector equation of the
line 1s given by r=mp + £v.



The parametric equations of a line in space parallel to a nonzero vector v= (:a, b, r:} and

passing through the point P(xy, . 1) are x =x +af, y=n + b, andz=2) + £ The
numbers a, &, and ¢ are called direction numbers.

The symmetnic equations of the line 1s obtained by eliminating the parameter ¢ from the
—ThHR_F¥YTh_EZ73
a b e

: : o F 4
parameiric equations and 15 given by

Answer 13E.

?

F,sin30°

>255 N =F, cos 30° + F, cos 30°

F,sin30°

Let f_?; and E be the forces in two ropes respectively and let Fi ing Foye the

respective magnitudes of these forces.
Then resolving these forces horizontally and vertically we find

Fcos30P+F cos 20°= 255 i — (1)
And  Fsin30P=Fosin 200 —— o — (2)
From equation (2),

E = E, sin 20°/ sin 30°
ie. E=0684E

Using this value in equation (1)
E cos30°+F, cos 20°= 255
or, (0.684 %,)(0.866)+ 7, (0.939) = 255
or, (0.5923+0.939) 7, =255
255
FJ =
(0.5923)(0.939)
=166 N

Then

Therefore F, =(0.684)(166)

=114 N
Hence the forces required in two ropes are

[166 N| and 114 1]




Answer 13TFQ.
The given statement 15 true.

We know that the vector u % ¥ 1s perpendicular to both w and v. It 15 also known that two
vectors are perpendicular if their dot product i1s zero. Thus, we get (11 X 'ir) -u=0

and{uxv)-v=0.
Answer 14CC.

We know that a plane in space i1s determined by a point Py(xg, . &) in the plane and a
vector m that 1s orthogonal to the plane. Now, let P{x, ., z) be an arbitrary point in the
plane, iy and r be the position vectors of Py and P. Then, the vector equation of the plane

1s given by m - (r - r.) = 0.

In order to obtain the scalar equation for the plane, we write m = (a, b, .-::), (x, ¥, z},
and ry; = (Jq], Y- zn}_ Then, the scalar equation of the plane 15 obtained as
a(x —m) + by —n) t ez —2z0)=0.

Answer 14E.

50N

—

40 cm

P

The magnitude of force is |F’|= 50 N

And magmitude of position vector 1s Flz 40 cm

=04m
Then magnitude of torque about P 1s:

HE |F’||F|sin g
Here 8= 90°-30°=60°
Then [f]={50){0.4)sin 60°

-[39)



Answer 14TFQ.
The given statement is true.

Start by expanding the left hand side of the given equation.
(11+1r)>=:1r = (uxv)+[1rx1r)

Welnowthat vx v 15 0.
(et+v¥)xv=(uxv)+0

S | B

Thf:refore,wecansaythat[n+v)x? —mX¥.

Answer 15CC.

{a)We know that two vectors are parallel if the angle between them 1s zero. In other
words, we can say that two non-zero vectors a and b are parallel if and only if their cross
product 15 zero, axh = 0.

{(bYWe kknow that two vectors are perpendicular if the angle between them 1s 90°_ In other
words, we can say that two vectors a and b are perpendicular if and only if their dot
product 1s zero, a-b = 0.

{c)Two planes are parallel if their normal vectors are parallel. Thus, we can say that two
planes with normal vectors m; and m are parallelif n;-n,= 0.

Answer 15E.

‘We have been given that the line passes through the points 1‘1(4, -1 2) .and B (], 1, 5)

The direction numbers are <1—-4, 141, 5—-2 >
LE. <=3 23>

The parametric equations of the line with point (4, -1, 2) and direction numbers <-3, 2, 3=
are x=4-%, y=—1+2¢, x=24+3

Answer 15TFQ.

The given statement 1s false.

Let ?{3, -1 2} be the given vector.

The normal to the plane 1s given bym = {6, =2 4}. We know that two vectors are
parallel 1f their cross product 1s zero.



Findv¥xmn.
i 3 k
¥vxmn =3 -1 2
6 -2 4
=i(—4+4)+j(12—12)+k(—6+6)
=0h+0+0k
=0
We note that the given vector is parallel to the normal to the plane. Since the normal 1s

perpendicular to the plane, we can say that the given vector is also perpendicular to the
plane.

Therefore, we can say that the given vector 1s not parallel to the plane.
Answer 16CC.

(a) If three points lie on the same line, then we call them collinear points. Let P, {2, and R
be the three points. The points are collinear if the cross product of the vectors P and

PR are zero. Mathematically, we can say that P, 0, and R lie on the same line if
Exﬁ = 0.

(b) Four points that lie on the same plane are called co planar points.

‘We know the scalar triple product 15 used to establish whether three vectors lie in the
same plane. If the scalar triple product a- (b x ¢) = 0, then the three vectors do lie in
the same plane, they are co-planar.

The three vectors formed by the given points are ITQP ﬁ and PS. Thus, we can say
that P, Q. R, and § lie on the same plane if PQ- (PR x PS) = 0.
Answer 16E.
The parametric equations of the line through the point (1, 0, -1) and parallel to the

line i, =£=z+2means parallel to the vector <3, 2, 1> are

x=1+%, y=04+2f, z=—1+%
x=14+%, y=2, z=-1+¢



Answer 16TFQ.

The given statement 1s false.

The equation Ax + By + Cz + d = 0 represents a plane in space, where
d = —{Axg + By + Czp). The equation 15 also known as the hinear equation in x, ¥, and z.

The normal wvector to the plane 15 given by n(a, b, c:}_

Answer 17CC.

{a)Let £; be a line 1n three dimensions be specified by two points P (x1,)1. 21) and
Fa(x2, 3, 22) Iying on 1it. Then, the distance D between L) and a Pplxo, yn, @) 1s given by
_(&-R)<(5-B)

D
|5- A

{b)The distance D from a point P1(x1,)1, 21) to the plane ax + by +cz+d =015 given by
D= Iaxl+byl+£zl+d|_
Ja+ B+

{c)Consider two lines in space 1) and [ such that [, passes through point F and 1s
parallel to vector v; and f.; passes through /5 and 15 parallel to v2. The smallest distance
D) between the two lines depend on whether the lines are intersecting, parallel, or skew.

If the two lines intersect, then 1t 1s clear that the distance between them 15 0. If they do not
intersect and are parallel, then D) corresponds to the distance between point 5 and line 1
and 15 given by

2 % 71"
D=1_ U
I |

MNow, if the hnes are skew. Let m = ¥ X ¥, be a vector perpendicular to both the lines.
Then, the distance between the lines 15 given by

[n]



Answer 17E.

‘We know that the parametric equations of the hines are:
x=xytat y=y,+bt z =z, +cf where £ 15 the parameter.
a b, c are the direction numbers.

The equation of the plane 1s 2x—y+5z=12
The normal vector of this plane 15
n=(2,-15}
Normal vector 1s a vector perpendicular to the plane.

Since the given line 1s perpendicular to the plane, so normal vector and
and the lines are parallel

Thus {a.b.c}={2,-15}

The parametric equations of the hine through the point (-2, 2, 4) and perpendicular
to the plane 2x— y+5z=12 are
x=—242, y=2+(-1)¢,z=4+%
x=—242f y=2-¢,z=4+%
Therefore required parametric equations of the line are
x=—2+2 y=2-t z=4+%

Answer 17TFQ.

The given statement 1s false.

‘We note that z 1s missing inx° +_yf2 =1
Since the equations x +y2 =1 and z = k represents a circle with radius 1 in the plane
z =k, we can say that the surface x* +y2 =1 15 a circular cylinder whose axis 1s the z-axis.

Answer 18CC.

The curves of intersection of a surface with planes parallel to the coordinate planes are
called traces of the surface. The traces are used to sketch the graph of cylinders and
quadric surfaces. The trace of a surface along the xy-plane 15 determuned by sething z=0.
Similarly, the trace along xz-plane 15 obtained by setting ¥ =0 and the trace along
yz-plane 1s obtained by setting x =0

Answer 18E.

An equation of the plane through the point (2, 1, 0) and parallel
to x+4y—3z = 1means the normal vector 1s parallel to the normal
vector <14, —3>15
1{x—2)+4(y-1)-3{z-0)=0
of, x—2+4y—-4-3z=0
or, x+4y—-3z=6



Answer 18TFQ.

The given statement is false.

‘We note that z 15 missing in the equation. This means that any honizontal plane withz=4k
intersects the graph in a curve with equation y = x%. So, we can say that these horizontal
traces are parabolas. Thus, we can conclude that the equation represents a parabolic
cylinder.

Answer 19CC.

We know that a quadric surface 15 the graph of a second—degree equation in three
vanables x, ¥, and z The most general equation 1s
AP+ B+ P+ Dy + B+ Frz + Gr + By + E+J=0.

From the general equation, we can denive six types of quadric surfaces.

2
The standard equation of an ellipsoid is given by iﬂ + ';—r: + — = 1. All the traces of
a <

B

the surface represent ellipses.

The second form of quadric surface 1s the elliptic paraboloid. The horizontal traces are
ellipses and the vertical traces are parabolas. The standard equation 15 given by
)

= 3
fn a b

The equation of the form A iﬂ - ';L: represent a hyperbolic paraboloid. The
c a

horizontal traces are hyperbolas and the vertical traces are parabolas.

A quadric surface with ellipse as honizontal traces and planes as wertical traces represents

2
a cone and the standard equation 1s of the form z_ﬂ = £2+£2

c e b

72

The quadric surfaces with equation of the form + 5 — — = 1 represent a
c

)
a
hyperboloid of one sheet. The surface has ellipses as horizontal traces and hyperbolas as
vertical traces.

A quadnic surface with standard equation —

iﬂ = 1 represents a hyperboloid

7.2
b c

3]

of two sheets.



Answer 19E.

P(3.-11), 2(4.0,2), R=(6, 3.1)
The vector @ and & correspondingtoP_Qrandﬁare
a=<111> &= <3,4,0>

With the point P(3,— Ll) and the normal vector ;;, an equation of the plane 1s
—4(:—3)+3(y+1)+1(z—1)=ﬂ
of, Ax+1243y+34+2z-1=0
of, 4x+3y+z=-14
of, 4x—3y—z =14

Answer 19TFQ.

The given statement 1s false.

Let 11(1, -1 2) and 7{2, 2, U}be two non-zero vectors.

Findu - v.
u-¥ = (1,—1, 2}- (2, 2, U}
= (D(2) +(-)(2) + (2)(0)
=2-2+0
=0
We note thatu - ¥ = 0, when both u and v are non-zero vectors.
Answer 20E.
The plane passing through the point, r, =(x,,y,,z,)=(1,2,-2) -
The plane contains the line x=2f, y=3-f,z=1+31 .
The objective is to find equation of the plane.
First, write the equation of line in symmetric form.
x—0 y-3 z-1
2 -1 3

This line contains the point {{Lll} which lies on the plane.




Substitute f=]1iIn x=2r,y=3-t,z=1+3t.
Then x=2,y=2,z=4

So, another point on the plane is (2,2,4) .
Let a be the vector from (2,2,4)to (0,3,1) -
Thatis a=(-2,1,-3)

Let b be the vector from (2,2,4)t0 (1,2,-2) .

Thatis b=(-1,0,-6)

The normal of two veciors is,
n=axb
i j k
=-2 1 -3
-1 0
=i(-6-0)-j(12-3)+k(0+1)
= —6i-9j+k
The equation of the plane is n«{r-r,)=0.

(-6.9.1){x-1,y-2,242)=0

—6(x-1)-9(y-2)+1(z+2)=0

—6x+6-9y+18+z+2=0
6x+9y—-z=26

Therefore, the equation of the plane is [6x+9y—z = 26|




Answer 20TFQ.

The given statement 1s false.

Let 11{3, -1 2} and ‘F(ﬁ, -2, 4} be two non-zero vectors.

Finda x v.
i j k
axvy=|3 -1 2
6 -2 4
=i(4+4)+j(12-12) + k(-6 +6)
=0+0+0k
=0

We note thatu x ¥ = 0, when both u and ¥ are non-zero vectors.

Answer 21E.
Substitute the expressions s =2 — t, y= 1+ 3t, z= 4t from parametric equations
into the plane 2x—y+z=2
2(2—)-(1+3)+4=2
of, 4 -2t —1-3+4t=2

or, 3—f=2
of, 3—2=¢
1e. £=1

Therefore the point of intersection 1s
x=2-1=1
y= 1+3(1) =4

z=4()=4 ie |(1, 4, 4)

Answer 21TFQ.

The given statement 15 true.

We know that the dot product of two vectors u and v 15 zero if the vectors are
perpendicular to each other. Also, the cross product of two vectors 15 zero if they are
parallel to each other.

Now, it 15 known that no two vectors can be both parallel and perpendicular to each other.
Thus, we cansaythat m- ¥ = 0 and m x ¥ = 0 15 possible ifand only ff u=0 orv=0.



Answer 22E.
Consider the line equation:
x=l+t. y=2-1and z=-1+2
The objeciive is to find the distance from the origin to the given line.
The parametric representation of the line is r(r) ={1+1,2—1,—1+2¢).
The direction vector is v=(1,-1,2}.
To find the distance from the origin to the line, find the value of r by setting r{f}- v=0 and
then find the modulus of r(7)ie. D=|r(r)i by substituting f value in r(r).

Now find the value of r by setting r(r)-v=0
r(r)-v=0
(1+2,2—1,-1+21)-(1,-1,2)=0
(1+r)(1)+(2-r)(-1)+(-1+2r)(2)=0 (dot product rule)
1+7-2+1-2+4=0
-3+6r=0  (Simplify)

=

The paramedtric representation of the line at = %is_,

r(r)=(1+1,2-1,-1+2)
r[1)=(l+l,2—-l,—l + ll>
2 2 2 2
639
22



The position vector is orthogonal to the direction vector of the line, its length is the minimum
distance between the line and the ongin.

Thus, the distance from the origin to the line is,

Hence, the distance from the origin to the line is | p = ﬂ .

Answer 22TFQ.
Consider the statement
“If wandvarein F,, then |u-v|<|u|]v].”
The given statement is true according to Cauchy-Schwarz Inequality.
Cauchy-Schwarz Inequality:

For any vectors m and v arein F,or ¥, then

ja-b| < a||b].
Answer 23E.

The given hines are

x—1 y—-2 =z-3
2 3 4
x+1 y—3 z+5
6 -1 2

=i (saj') ————— (1)

And =5 (say) - (2)




The direction numbers of line (1) are <2, 3, 4> and direction numbers of line (2)

are <6, -1, 2>
Since the direction numbers of both the lines are neither equal nor
proportional then we say that these two lines are not parallel.

Now any point on line (1) 1s (2‘f+1, 342 4£+3)

And any point on line (2) is (6s—1, —s+3, 25-5)
Ifthese two lines are intersecting, then for some values of t and s,
2t+1=6s-1
X+2=—5+3
A4 +3=25-5
If we solwe first two of these equations, we findt=1/5and s =25
EBut these values of t and s do not satisfy the third equation Then we say that the

given lines do not intersect.
And hence the given lines are skew.

Answer 24E.

(&)
The normal vectors of two planes z+y—z=1and 2x—3y+4z=>5 are

m=<L1-1>, =<2 -34>

Because ;1. # E , therefore planes are not parallel and

oy =(1)(2)+1{-3)+(—1)4=—-5=0
Therefore planes are not perpendicular. Because the normal vectors :_:; and n_; are
not perpendicular.

(B)
If #1s the angle between these two planes then £1s also the angle between their

normal vector :_1; and .;;

—_——

cos@= 272 _ " __3
F;IF;I \fl2+12+(—1)2.J2“+(—3)2+42 329

or, 8=cos ' (—0.5361)=122°



Answer 25E.

First pull the normals from the first two equations and you'll get:

n1=<10-1=

n2=<0.1.2>

Then set z=0 and solve for a point on the intersection line:

¥-z=1

x=1

y+22=3

y:

s0 a point on the line is (1,3,0)

Also the direction of the line is equal to the cross product of the 2 normal vectors.



i j k
LI=n1Xn2=<10-1>X<012>={] 0 —1| =i—2j+k= <I, —2,1>
01 2

L1=<1-21=>

Now, pull the normal from x+y-2z=1

and you get N=<1,1,-2>

Now in order to find the normal of the desired plane we have to take the cross product of
Liand N

i j ok
L1IXN=<1-212X<11-2>{] =2 1 |= 3i+3+3k=3(1,1,1)
1 1 =2

So now we have the normal of our desired plane, and point on our plane

50, our plane is:

ANSWER: (x-1)}+(y-3)#4z=0 OR  x#y+z=4



Answer 27E.

Consider the following planes:
Ix+y—-4z=2
3x+y—4z=24

The objective is to find the distance between the above planes.

Note that, the planes are parallel because their normal vectors (3,1,—4) and (3,1,—4) are
paraliel

To find the distance D between the planes by choosing any point on one plane and calculate its
distance to the other plane.

In particular, if y =z =0 is subslituted in the equation of the first plane, it will result in

Ir=2=x =§ and so [%,ﬂ,ﬂ] is a point in this plane.

The distance D from a point P(x,,y,,z,) tothe plane ax+by+cz+d =05,
|ax, + by, + =, +d|

Jaz+bz+cz

Therefore, the distance D from a point P[%,ﬂ,{}l] tothe plane 3x+y-4z-24=0 Is.

D

D= |ﬂ'.¥| +byl 3 +ﬂ1
w’az+4!:'2+.-:'2

_i:(%] l(u)+(-4){u}-24|

3+ +(—4)
_[2+0+0-24]
~ Jos1+16
22
26
2

V26

22
Thus, the distance between the planes is E .

Answer 28E.

The given surface x = 3 15 a vertical plane that 15 parallel to yz- plane and three
units from it in the positive direction of x



g W

The given surface s x==z
This surface represents a plane in which the =- co- ordinate is equal to z- co-
ordinate.

Answer 29E.

—— — — e S S S e e — —

W



Answer 30E.

The given surface y = z2 does not involve
This means any vertical plane with equation x =k (parallel to yz- plane) intersects
the graph in a curve with equation y=z?. So these vertical traces are parabolas.

This surface 15 called a parabolic cylinder, made up of infinitely many shifted
copies of the same parabola Here the rulings of the cylinder are parallel to = —

AT

w

"'f.




Answer 31E.

Consider the surface.
xi= yI +4z%
The objective is to identify and sketch the given surface.
xi=yis4s?
Divide by 4 on both sides,

2 . R
L md af
4 4 1

II .FZ z!

FlaEa

This surface is a cone with axis along x-axis.

Horizontal traces are ellipses. If k # (). then vertical fraces in the planes y=kand z=jfare
hyperbolas and if } = (). then vertical traces are pair of lines

Use Maple software to sketch the graph of the cone, x? = y? +4z? as shown below:

Maple input

with(plots);

Maple output:

> with( plots);

| animate, animate3d, animatecurve, arrow, changecoords, complexplot, complexploi3d,

conformal, conformal3d, contourplot, contourplot3d, coordplot, coordplot3d, densityplot,
display, dualaxisplot, fieldplot, fieldploi3d, gradplot, gradplot3d, implicitplot,
implicitplot3d, inequal, interactive, interactiveparams, imterseciplot, listconiplot,
listcontplot3d, listdensityplot, listplot, listplot3d, loglogplot, logplot, matrixplot, multiple,
odeplot, pareto, plotcompare., poiniplot, poiniplot3d, polarplot, polygonplot. polygonploi3d,

polvhedra_supported, polyhedraplot, rootlocus, semilogplot, setcolors, setoptions,
sefaptions 3d, spacecurve, sparsematrixplot, surfdata, texiplot, textplot3d, nibeplot)



Maple input:
implicitplot3d(x*2=y*2+4"z"2 x=-10..10,y=-10..10,z=-10..10);
Maple output:

implicitplot3d(x* =¥ + 4-2.x=-10.10,y=-10.10,z=-10.10):

Answer 32E.

The given surface 1=

dx—y+2z=4
The equation 1s of the form Ax+ By +Cz =D, which 1s the equation of a plane
Hencedx — y+ 2z =4 represents a plane whose intercepts are (], 0, ﬂ) .

(0, 0, 2) and (0, —4, 0)



>y

Answer 33E.

Consider the equation, —4x* + y* -4z =4

It represents a hyperboloid of two sheets, the only difference being that in this case the axis of
the hyperboloid is the y—axis.

The traces inthe xy—and yz-planes are the hyperbolas.

4x’+y'=4. z=02and y'-4z'=4, x=0
The surface has no trace in the xz —plane, but traces in the plane y =k for |kl:=»‘| are the
ellipses.

A’ -4 =4-k*, y=k
Which can be written as,

Ay’ -4 =4-K, y=k

A +42° =k* -4, y=k

4x° +4° k' -4

) m—— L] =k
k-4 k-4




These surface are used to make the sketch in the below.

> plots| -implicitplot3d]( -4*x*2 4+ y*2 —4*z"2 —4=0,x=-1.
y=-35.25z=-1.1)




These traces are used to make the sketch in the below

Answer 34E.
The given surface 1=
¥i+zt=1+x*
Or —xt+yt+zi=1

This surface is a hyperboloid of one sheet with the axis of symmetry along x- axis



Answer 35E.

The given surface 1=

4x*+4y* -8y+z*=0
Or  4x’+{4y”-8y+4)+z" =4
Or  4x?+(2y-2) +z%=4

2

Or x‘+(y—1)“+%:1
This surface 1s an ellipsoid




Answer 36E.

The given surface 15
x=y +z*-2y-4z+5

(0,1,2)

Or  x=(y"-2y+1)+(z-4z+4)+5-1-4

o  x=(y-1)"+{z-2)°

Which is an elliptic parabolic with axis along =- axis

& F




Answer 37E.

The equation of given ellipse is4x* +y* =16
‘When this ellipse 1s rotated about - axis in space then z- coefficient varies and
we obtain an ellipsoid whose equation 15 given by

Az +y*+z3 =16
Answer 38E.

Let point P has co- ordinates (x, y, 2)
The equation of plane 1sy=1ory—1=0

The distance of P from abowve plane 1s
-1
d =
Vi
= |y_1|
And distance of P from point (0, -1, 0) 15

JE-0)*+{p+1)* +(z-0)?

= \{12 +yi+z +2y+1

According to given condition
|y—1|= EJIJ +y? +z7 +2y+1

Squaring both sides

(_j;,r—l)2 =¢'I(.1|:2 +y?4z? +2_}r+1)

¥ 1-2y=4x* +4y* +42* + 8y +4
Or  4x%4+3y? +4z2 410y +3=0

25 25
Or 4xi+[3_}rj+lﬂy+?)+4zj+3—?=l]

2
Or  4x? +[J§y+i) a4z = %

N
16

2
Or  4x? +3(y+i) +4z3=—
3 3

2 * 2
x +(_}r+513) + 2
4/3 1649 413
This 15 the equation of the ellipsoid




The points on this ellipsoid are obtained by taking intersection with three planes
viz. x =0,z=0 and y = -5/3
These are

P35 E)= 33

(i_ju) axicd __2__5(])
373 W3 3

And (0,-3,0), and rrt:-,%l,())

The cenire of the ellipsoid 1s at the point (ﬂ, ; U)
The sketch 1s





