Xcel

Vector Algebra
Question1

For real numbers a, 3, 7,  and u, consider the matrix

205200
“ 5T
— 1 1
M=% B 5
Ly 0k

Suppose that M M7 =1, where M7 is the transpose of the matrix M, and I is
the 3 x 3 identity matrix. Let

_,_'}L". 2> _,_L’: ~ 7 _’—_Lé LA' Ay
u—az—l—\/gj—l—’yk, ’U—\/i’l,—l—,B]—l—(Sk and w = \/E’H‘\/g]‘*‘ﬂk-

Match each entry in List-1I to the correct entry in List-II and choose the correct
option.

(P) The value of v2 + 6% is (1)0

(Q) If 21 +yv + 20 = 3f0r some real numbers z, y and z, then the value of  is (2)1

(R) The value of 1 - (U x ) is (3) %
(S) The value of % x (v x W) is (4) %
(5) 3
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Options:

A.

(P) = (5), (Q) — (4),(R) = (2), (S) — (1)

B.

(P) = (4, (Q) —(5), (R) = (1), (S) = (2)



C.
(P) = (5), (Q = (3), (R) = (2), (S) —(1)
D.
(P) = (%), (Q = &, (R) = (1), () = (2

Answer: A

Solution:

Given the matrix

1 1
* B T
= | L B 1
V3 |’
Yy 6 J

and MM7T = I, this means that the rows of M are orthonormal vectors (that is, each has unit length and they are mutually
perpendicular).

Let

ﬁ:ag—i-%}'—i-vic, b= %Hﬂ}#él}, W= —%%4‘%34‘#%.
Length condition for each row (unit vectors)

For 4, the condition |u| = 1 gives

o+ % +42=1

Thus,
a’+42 = %

For 9, the condition |9] = 1 gives
s+ =1

Therefore,

g e =1

For w, the condition |w| = 1 gives
l4drp’=1

Hence,

2 _ 1
B =%

Using the third row’s condition

The third row of M also has unitlength, so
YV2r &ttt =1

Substitute p? = %:

72+52:17%:%



So, for (P), the value of 7> +&2 = 2.
Finding z when z% + 40 + 200 = j
Taking the dot product with @ on both sides:

1

z(1-u) +y(©-u) + 2(0- 1) =

Since the vectors are mutually perpendicular, 4 - ¥ = 0.and 4 - w = 0. So,
S

2(1) =33

Therefore, z = L.

V3
Value of |4« (v x 0)|

For an orthogonal matrix, the determinant is £1, meaning the scalar triple product equals 1 in magnitude. Hence,
|g- (v x w)| =1.

Value of |i x (v x 0)|

Using vector identity @ x (b x ¢) = (@- ¢)b — (@ - b)c, and since the vectors are perpendicular, both % - 4 = 0 and % - @ = 0.
Thus,

U x(dx W) =0,
and its magnitude is 0.

Final Matching:
5
P)—06) g

1

— (4) —
Q) ()\/5
R)—(2)1
(S)—(1)0

Question2

Let @, b be two vectors, and let P, Q and R be the points with position vectors a, b
and G + b, respectively, with respect to the origin O. If |d + b| = /21, |G — b| =3,

and d and (d — 5) are perpendicular to each other, then the area of the triangle
OPR is :

JEE Advanced 2026 Paper 2 Online

Options:



oo

Answer: C

Solution:

Let us find the area of triangle OPR step by step.
Given:

* Position vector of P is @
e Position vector of Q) is b

« Position vector of Ris @ + b
So, for triangle OPR, the two side vectors from O are:
OP — a, OF — i +b
Hence, area of triangle OPR is
ﬂax@+a]

Now,

al
a1l
+
al
X
SH
I

al
X
SH

Gx (G+0b) =
since d@ X @ = 0.
Therefore,

Area of AOPR = 1|d x b

So we only need to find |d x B).

We are given:

G+ b =+/21
Squaring both sides,
G+ b2 =21

So,

G2+ (B2 +23-b=21 (1)
Also,

la~b =3

Squaring,

G —b2=9



Thus,
G2+ B2 —23-6=9  (2)
Now subtract (2) from. (1):

4a-b =12
So,

@ b=3
Now use the condition that @ is perpendicular to (. — b).

Therefore,

jd = v3

Now. use equation (2):

G2+ b2 — 26 -b=9
Substitute |@|2=3and @ - b = 3:
34+52=6=9

6% = 12

Now use the identity

@ > bl = [af*bf* — (d-b)”
Substitute the values:

[ax B2 = (3)(12) — 32 =36 — 9 = 27
Therefore,

|G x bl = V27 =33

Hence area of triangle OPR is

$lax B = 3 (3v3)

3v3
2

So, the correct option is:

Question3



Consider the vectors
T=1+4+2+3k y=21+3)+k and Z=231+j+2k

For two distinct positive real numbers « and 3, define

— —

X=aZF+Bj—2 Y=aj+B7—%, and  Z=azZ+Bi—7.

If the vectors X , }7, and Z lie in a plane, then the value of o + 3 — 3 is
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Answer: -2
Solution:

@52 =0
a (B -1
= -1 a §
8 -1«

23 3/=o0
3 1 2
LA

:>(a3+ﬁ3—1)—(—aﬂ—aﬁ—aﬁ)=0
=>ad+ 8 +3a8=1

=’ + 8+ (-1)° = 3(a)(8)(-1)
=a+pf-1=0

So,a+B—-3=-2

Question4

—
For any two points M and N in the XY -plane, let M N denote the vector from M

to N, and O denote the zero vector. Let P, @ and R be three distinct points in the
XY-plane. Let S be a point inside the triangle A PQ R such that

— > > R
SP+58Q 46 SR = 0.

Let E and F' be the mid-points of the sides PR and () R, respectively. Then the
value of

length of the line segment EF
length of the line segment ES




is
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Answer: 1.2

Questions

Let = 2i + j+ 3k and § =i — j -+ k. If for some real numbers «, 3, and ~, we
have

15i + 1054 6k = (284 q) + BB — 24) + (B x q),

then the value of v is
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Answer: 2
Solution:

151 4 10j + 6k = a(25>+83 + ﬂ(?f 23) +7(5>><3)
taking dot with (; X 3)

1510 6

21 3 :0+0+'y(p2q2—(5>-a>)2> [-.-(?XHVH??)Q:E@}
1 -1 1

— 52 = 26

Sy=2

Question6

X7 15 A a2 s B—1¢N 7 T a a1
LetOP = *“—1i+ 3+ k,0Q = + T]+kandOR:z—|—j+5kbethree

vectors, where a, 3 € R — {0} and O denotes the origin. If (OP X OQ) .OR =0
and the point (o, 5, 2) lies on the plane 3x + 3y — z + [ = 0, then the value of [ is
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Answer: 5

Solution:

— P
(OP x 0Q) -
a-l

—
R=0

0
1
1 =0
1
2

—_ =
=)
= |
-

a+B+1=0 ..0)
Also  (a,,2)lieson3x+3y—z+1=0
= 3a+38=2+1=0 = 1=2-3a+p)
use ()init =1=5

Question?

Let P be the plane V3z F 2y + 3z = 16 and let
S = {a% + Bj 4+ vk a? + 82 + y2 = 1 and the distance of (v, 8,7) from the

plane P is %}.Let U,V and w be three distinct vectors in S such that
|4 — U] = [U = w| = |0 — |- Let V be the volume of the parallelepiped

determined by vectors u,v and w. Then the value of %V is :
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Answer: 45

Solution:

P: \/gm'—l—2y+3z:16



U, v, are elements of set S and in set S magnitude of vector is1

. U, U, w are unit vectors and by equation (1) we can system 4, v, W are
equally inclined and vertices of equilateral triangle also lying on a circle
which is intersection of sphere |r| =1

Distance from origin to P,

V34449 4

.. Plane containing u, v, w are at a distance

4 — % = % from origin and Parallel to v/3z 4 2y + 3z = 16.

.. Equation of the plane is

V3zx +2y + 32 =
1_

2 4

=y =42

V3zx +2y+3z=2
Equation of sphere 22 + y? + 22 =1

. Radius or circle



1/2

1
el i Lov3
Re 4 2
then 2:—3(:0830o
2 2
— /3 3
— 3 _— = —
a=1/3 x 5 5
A ()
Y
30°
B (v) 9/2

.. Area or triangle

A3 2 A3 .9 _ 93
= 3 a" = 3 X7y 16

.. Volume of Parallelepiped

1943
=2X — X ——
2 16



yo 93
16

.. Volume of Parallelepiped

193
=2 X — X ——
2 16
L]
16
80V 80 9v/3
= X =
V3 V3 16 45
Question8

—— Y . \ . — — .
Let u, v and w be vectors in three-dimensional space, where © and v are unit

vectors which are not perpendicular to each other and v . w= Lv.w=1w.

4

—_ = = =
w

If the volume of the paralleopiped, whose adjacent sides are represented by the

wctors,ﬂi?and Ei is v/ 2, then the value of ‘3ﬂ>+ 5ﬂ is
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Answer: 7

Solution:

Given: |u} = 1,]v| = 1

u is not perpendicular to v u - v #£ 0

Andu-w=1 v -w=

w-w=4

—t



Volume of parallelepiped with u, v and w as its sides,

= [UDw] = V2
U-u UV U-w
Now, [ivw]|* = |3-4 -0 0 -@| =2
WU WU W w
1 47 1
= |7 U 1}-=2
1 4

= 14-1)—u -9(4d-v—1)+1(d- 9 — 1) =2
= 3 — 4(uv)? + UV + 14U — 1 =2

= —4(uy)? + 20y + 2 = 2

= —4(uv)* + 240 = 0

= 204v(—2uv + 1) =0

1
S = 2,005 0






