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General Equation ot the First Degre

eTo prove that the general ¢quation of tho fivat degreo (Hnear equas
tion) in x, v, z represents plane, Yl okt
or, To prove that the equntion
ax-1-by - es | o =0,
where a, b, ¢, d aro any given constants, a, b, ¢ being not alf Yero,
represents a plane,
Let the most peneral equation of the first degree in x, y, z be
ax--by--cz--d =0, o+ 5500
where a, b, ¢, d aro any given constants, a, b, ¢ being not all zero.
plar}Zc have to prove that the locus of this cquation represents a

Then, by deﬁnitioq of plane, our purpose is served provided we
prove that every point on the line joining any two points on the
locus also lies on the locus.

Let A(x. yy, z,) and B(Xg, y; 2,) be any two distinct points on
the locus of (1). | -
Then ax,<hyy -6z, d =0, ' Sl 7))
and axy~-byyt czy4-d =0, R B IEE)
Multiplying (3) by k (s —1) and adding to (1), we get
a0, 4B 9+ olzs ez +d(L-4k) =0,

Dividing by 1--k, as (1+4-k)#0, we get
Xe--kexy N ( Y *l"k"f& ).a.. (ﬁ.l:,‘..‘ll?.& )..‘,,(]m(). ok
a( 14k ) | b’ _1»|«7c’ e ] -k o

.



int
From this relation we find that the poin

xhiy yoky | ndki )

also lies on the locus given by (1):

But for different values of %,

xit+kx,  yi+ky. . z;+kzy
Ttk T 1Lk 1+k

gives different points on the line joining

A(xy, y1, z;) and B(xs, ya, 24).

Therefore the line 4B completely lies on the locus given by (1).

Hence, by definition of plane, the equation

(1) represents a Plane,
provided a, b, ¢ are not all zero,



Intercept form of Equation bf a pla
ne

Lig Wiy -

To prove that the equation of the plx‘mé in the intercept form is

Lig Yy 2
a T ek
Let the equation.of the plane be

Ax+By+Cz4-D =0

It cuts the X, y and z-axes at
distances a, band ¢ réspectively from
thelorigin.

Then OP=a, OQ=b, OR=c.

Therefore, the co-ordinates of P,

and R are respectively (aq, 0, 0
(Qo, b, 0) and (0, O, ¢). ),

Since the plane (1) passes
through the points P(a, 0, 0), Q(0,
b, 0) and R(0, O, c), the co-ordinates
of these points must satisfy the equa-

ftion (1) of the plane.

(1).

G =M =D

‘ £, D &
A.0+B.b+C.O0+D=0; orgB= _%;

A.04+BO0+C.c+D=0; or C;—Pc—.

Sﬁbsti,tuting the values of 4, B and C in (1), we get

D D D
—Z x—= y—=2z+D=0
2’ 57 ¢ +;
i 1
: _ﬁL__’ _____________ o 4]

This is the i-e’qﬁiiéd;‘*eqﬁh‘itibﬁ-'?3o‘f the plane:



Normal Form of the Equation of a p
lane

Th:Obtain the equation of a plane i
nnormal form -

From the origin @@, 0, 0) draw ON perpendicular upon the |
plans.

Let /, m, n be the direction
cosines of this perpendicular
ON and let ON = p.

Take any point 4(x, y, z)
on the plane.

Now the points A4 and
N are in the plane; therefore

the line joining 4 and N must
be in the plane. Again ON is
0 pormal to the plane; therefore
ON must be perpendicular to

NA.

- .. The projection. of 04
o on ON=0ON

or Ca—x) 4+~ yIm+(z,—z)n=0ON,




=v. 2.=2, ON=P.
p— — ==0,JC =X, J’Z“y’ 22 2,
Here x,=0, 71 ?;?0)l+(;—0)m+(2—0)ﬂ=10

R |
or !

Ix+my-+nz=p.

This is the required equation of the plane as this relation holds
for every point in the plane.



Reduction of general form of the e
quation of the plane
(i) To reduce the genersal equation
Ax+By+Cz+D =0
of the plane to the infercept form %T——'—-{-——L

The general equation of the plane is
Ax+By+Cz+D=0; or AxLByiCz=-—D.
- Dividing by — D, we get |

___Ax - B}’ r Cz -D

— —

-D '-D "D —FH
4dx By Cz
A B C
or ?+—+\= e ﬁl P Y <
AD —BD _CD L ;DT:\_D%——D':I’
A B el

which is of the form



{i1) To reduce the generz] equstion
Ax+By2CzL+ D=0
of the plane to the normal form
Ixtmytnz=p.
The general sgoation of the plene is

;.‘g_ e .‘DF' = %’ :_——'@
The normal form of ihe cgpaiicn of the plans I

or Ixtmytnz—p=0 - €2},
where E%';—zﬂ%zr"—_-ﬁ and p Is positive.

If the equaioms (1} asdé (2) seprssent ibe same pleze, them
comparing thelr co-eiEcie iS_. w2 get

or 1, m, n ave proposiiopal w0 4, B. C
i TR S L S Tuc T
1.2, * the direction cosinzs of the nor=at to the plame ¢
: AxL ?{r 2 Cz+ D=0 zrs prepertiosal ic 4, B, C. &
S S TP S TS S S g |
Nowilrom(3), I=—2—"— . m=_~ft_ &m=_ ="
D B b

But FipPintf=13

- a"’ Pl T

D7 4 o7 — tAaT— Ty =1
DT T o T o= A

BE &= TR o7 F==-




F A _ +B ’
I=Varprce TTVELBLC

FC
VA+B+CY
Substituting these values in (2), we get the general equation
Ax+By+Cz+-D=0
of the plane in the normal form as

w—
—

4 n B N C .
VATB LG VR pr e S b
D
~tVErrTo o i)y
the sign being so chosen that D, that is D

s T : =, 18 alwavs
" VA2 BELC2* vay
positive,



