Case Study 5

In three-dimensional space, a plane can be described in multiple forms. The general Cartesian
form is given as:
ar+by+cz+d=0

where a, b, ¢ are the direction ratios of the normal to the plane, and d is a constant. The vector
form is:

—

ren=a-n

where 7 is the position vector of a variable point on the plane, @ is a known point on the plane,
and 77 is a normal vector to the plane.

Important applications include finding the angle between two planes, checking if a point lies
on a plane, and computing the perpendicular distance from a point to a plane. The normal form
of a plane is useful when the perpendicular from the origin to the plane is known:

rcosa+ycosfB+ zcosy=p

where «, 3,y are the angles made with coordinate axes and p is the length of perpendicular from
origin to the plane.

MCQ Questions:

1. What is the CartesiaAn equatiqn of the plane passing through point (1, 2, 3) and perpendicular
to the vector @ = 2i — 5 + 4k?
(a) 2z —y+42=0
(b) 2z —y+4z=11
(c) z+2y+32=0
(d) 2z+y—42=11

Answer: (b)

Solution: Using point (zo, Y0, 20) = (1,2, 3) and normal vector @ = (2, —1,4):

2 —-1)—(y—2)+4(z—-3)=0=2zx —y+ 4z =11

2. Find the distance of the point (1,1,1) from the plane 2x — 3y + 6z — 2 = 0.
(a)
(b)
()
(d)
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Answer: (a)
Solution: Use formula:

2(1) — 3(1) + 6(1) — 2

Distance =
V22 + (=3)? + 62

_‘3’_3
7T

Correction: Correct answer is (b)
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. Which of the following is the normal form of a plane?

(a) az +by+cz=0

(b)

(c) ax+by+cz+d=0
)

(d) 2* +y* +2* = R?

rcosa+ycosf+ zcosy=p

Answer: (b)

Solution: The normal form is:
xcosa+ycosf + zcosy=p
where p is the perpendicular from the origin, and cos «, cos 5, cos ¥ are the direction cosines

of the normal.

. Find the vector equation of the plane passing through point @ = 3i+2) — k and normal
vector 1 =1+ 25 + 2k.

(a) 7- (1427 +2k) =
(b) 7- (i +2) + 2k) =
(¢) 7- (14 2) 4 2k) =
(d) 7 (1 +27+2k) =11
Answer: (d)

Solution: Plane equation:

rein=a-n=3)(1)+(2)(2)+(-1)(2)=3+4—-2=5

Correction: Correct RHS is 5. None of the options are correct. Replace option (a) with:

Fo(i+2j+2k)=5

. The angle 6 between the planes x — 2y + 3z =4 and 3z 4+ y — z = 5 is given by:

—2

cosf =

o3
2

cosf =

)
)

(c) cosf =
)

.3
e

2
5

cosf =

.E
2

Answer: (b)

Solution: Normal vectors:
n = (1,-2,3), 72=1(3,1,—1)

ity 1-3+(-2)-1+3-(-1) 3-2-3 -2
|2l VIZ4+4+49-VO9F+1+1 V14-V/11 /154

Correction: Correct answer is (a)

cosf =
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