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A B

Let the position vector of the vertices of AABC be &, band ¢ respectively.
Since G is the centroid of AABC, 0G = &<

Are of AGAB, = |4AB x AG| = |(OB — O4) x (0G — OA)|

(6—a) x (2= ~a)

[ cross product is distributive]

S HExE+2xb—dxb+éxal

=ilaxb+bxé+éxd [bxb=0,dxa=0,. (Daxb=—bxd
Area of AGAC = |CA x AG|

= |(0OA — 0C) x (0G — 04)|
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|d xb+dxé—2dxa—&xb—¢&xe&+ 28X g
laxb—2¢xa+bxa+2exd

la xb+56xc+¢xdl

Also area of AGBC = |BC x BG|

=|0C — OB) x (0G — OB)|

()
(%)
x (@ +¢— 2b)]
+EXE—28Xb—bxd—bxZ+2bx b
+26xé+axb—bx¢
Téxa+bxé+axd

From (1), (2) and (3),

Area of AGAB = Area of AGAC = Area of AGBC

= flaxb+bxe+Exadl

= % Area of AABC.
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Leta = OAand b = OB be the unit vectors and which make angles o, p respectively with positive x-axis Draw AL and BM _L_to axis
Then |OL| = |04| = cos a = C0S «

|LA| = |OB|sina = sina

[+ AOAL, sina = %cosa =
= OL = |OL|i = cosai

LA = |LA|j = sin aj

&= OA = OL + LA [Using A law of addition]

adj
hyp



https://www.qb365.in/slms/
https://www.qb365.in/slms/
https://www.qb365.in/slms/
https://www.qb365.in/slms/
https://www.qb365.in/slms/
https://www.qb365.in/slms/
https://www.qb365.in/slms/
https://www.qb365.in/slms/
https://www.qb365.in/slms/

4 = cosai + sinayj

Similarly 5 = cosai + sinaj ..(2)

The angle between a and b is (a-f)

« &.b = |d|[b|cos(a-B) = cos(a-p)..(3)

[+ |a] = [b] =1]

Als0d.b = (cosai + sinaj)(cosfi + sinfj)

ab = cosa cosp + sina sing....(4)

From (3) and (4), we get

cos(a-B) = cos o.cos P + sin o sin p

. Letcos™x = aand cos-1y = 8.

Then, x = cosa and y cos =3

cosix + x + cosy + cosx = 7 gives a+8 = = -cos'z.

Now, cos(a+ ) = cosacoss-sinasing = xy-vi—a2y/1 -y

-cos(cos1z) = xyvVI — /1 — o2

$0, —z = zy — V1 — 22/1 — ¢, Which gives Xy -z = -v1—22y/1— ¢
Squaring on both sides and simplifying, we get x>+ y? + z% + 2xyz = 1.

. Now, tan () + tan-t (22) = tan 1 [{25:] =

—2

Thus, x? = %1g)ives X=+%

. The required line passes through (3, 2, -3). So, the position vector of the point is ; + 2j — 3k.
Letg =i+ 2j — 3kand b = 47 + 55 — 7k. Then, we have

(i) vector equation of the required straight line in parametric formis # = & + tb, t € R
Therefore, # = (i + 27 — 3k) + t(4i + 55 — 7k),t€R

(ii) vector equation of the required straight line in non-parametric form is (¥ — @) x 5 =10
Therefore, (7 — (i + 25 — 3k)) x #(4i + 55 — 7k) = 0

(iii) Cartesian equations of the required line are &2 = £ — Za

by by
Here, (x4, V1,21 ) = (1, 2, -3) and direction ratios of the required line are proportional to 4, 5, -7. Therefore, Cartesian equations of the straight line are
z1 _ ¥ 2 _ zi3
4 T 5 T T

. Given pointisda = —i +2j+ k&

and parallel vectorisb =7 — 2j + &

.. The parametric form of vector equation of a line passing through & and parallel to5.is
F=d+b

F=(—i+2j+k) +tG—2j+k),ke R Q)

Given line is

F= (243 -k +tG—-2j+k),kcR (2)

s é=20+35—k
se—d=(2+3j-k) —(i—27+Fk)
= (3i+j — 2k)

i)k
(6—d)xb=|2 &+ —-%

1 1 Js-

=i(1-4)—j(3+2)+k(-6—-1)
=-3i—5;— Tk

(E—a) x5 = /(-89 + (-9 + (-7
=V9+25+49 =83

Bl = /124 (-2 +12= 6

.. Distance between the parallel lines
d= 124 - 22 units

. The plane passes through two points
G=2+42j+kandb=1—2j+3k
The straight line passing through the points
(2,1,-3)and (-1, 5, -8) is

Ty za
Ty~ Ty Y2 P
z—2 __ oyl 243
= T3 = 5T = 58
z-2 __ y=l __ =43
=3 =T =

Hence the required plane is parallel to the vector
¢=—3i+4j — 5k
The parametric form of vector equation of the plane passing through two points @, parallel to a vectoré is ¥ = @ + s(b — @) + t¢, s,t € R,
728+ 25 + k+ s(—3 — 45 + 2k) +¢(3i — 4j + 5k) S, teR
Cartesian form of the plane passing through two points and parallel to a vector is

T Y—h 20z

T2— T Y2—Y 22 =0

1 [ c3

[ (leyly Zl) is (2y 2) 1)) (XZy V2, ZZ) is (_1) _2y 3) & (Cly C, C3) is (_3) 4 _5)



o.

0. ,= 2 (3) ==

11.

12.

13.

= (X -2)(20 - 8) - (y-2)(5+ 6) + (z-1)(-4-12) = 0
=>x-2)12)-(y-2)A) + (z-1D(-16) =0
=12x- 24 -11y + 22 -162 + 16 = 0

= 12x-11y-16z+14 = 0

1 . —1 2 1 -1 1-a®
. tan {gsm (T‘L) + Fcos (Tﬁ,)}

Leta=tanO
Now, tan [%sin 1 (%) + 3cos ! (i:—z;)] = tan [%sm ! ( 13::%) + Fcos ! (11:?"::)]
tan [ sin"}(sin20) + Fcos'(cos26)| = tan[20] = oy = %

When x = 4,dx = 41-4 = 0.1

1+

=
g

= g

fzy = 6_61 (fy)
fo=— [(z%w(l) z(h)}

@)’

_ [mbﬂf—zmz}
- @)
_ i
R e

=¥ 1)

(rzwz)é;
fay = d_y(fr)

_ (241 -y(2y)
fuy =

= W
(a*+y?)

=% .0

- From (1) and (2), fyy = fy,

We shall follow the tree diagram to calculate

So first we need to find &, %2 4 and <.

Now, & = 2x-y + cos(x + V), 2 = x+cos(x +V), % = 3e’tand & = 2f.

Thus, dd_f = %% + g_i%

= (2x -y + cos(x +y)) 3 + (-x + cos(x + y))( 2t)

= (2e3t - 12 + cos(e3f - t2))3e3 +( -e3t + cos(e3t - t2))(2t)

= 6edt - 3t2 e3t +3e3t cos(e3t - t2) 2te3t +2t cos(e3t - t2)

Also, some times our W(x, y) will be such that x = x(s, t),and y = y(s, t) where s, t € R. Then W can be considered as a function that depends on s and t. If X,

y both have partial derivatives with respect to s, t and W has partial derivatives with respect to x and y, then we can calculate the partial derivatives of W

with respect to s and t using the following theorem.

Given w (¥, , z) = X2 +y2 +y2,

x=ely=etsint,z=etcost

du — . Ou — . Ou —
W-ZX,B—M-Zy,E-Zz

du _ t

5 = 2e

du _ t o1
5 =2e'sint
& - 2etcost
dr — at

& -¢

dy

—efcast+sintet
=% -et(-sint)+costet

By chain rule
dw __ Ou dz dw dy ow dz
T = wa Tty wtew

o 4w = Det(et) + 2esint (et cost +sintet) - etsint + 2etcast (e cost - e'sint)
Ll 2 [2+ 2sintcost + 2sin’t — 2sint cost + 2 cos’t]

=eX[2+2] = bet

Given U (%,y) = eXsiny; x = st?; y = s2t

& =e*siny; & =e*cosy

W = g5t gin (s2t)

& = e cos (s%t)

dz _ Ldy Q2
dt _ZStv dt =S

dz _ 42, dy _
E—t,E—ZSt

By chain rule
U _ 9U dx QU dy
ds — Oz * ds By * ds

= e’ sin ($2t) (£2) + e cos(s%t).(2t)

= (&) (omte1) = el sin (1) + 2el cos (1)
=e[sin (1) + 2 cos (1)) and

U _ Ou dz v By
at Dz dt By * dt

= e, sin (s2t)(25t) + e’ cos (s2t). (s2)



14.

= (8) ey =2elsin (1) + el cos (1)

=e[2sin (1) + cos (1)]

— N N " — N N . — N N
OA=7i+27+3k0B=4i+;+5k0C="Ti+Th
— — — N . R N N N
AB = OB — OA = (4 + j + 5k) — (3 + 2j + 3k)
— ~ ~ ~

AB =3i —j+2k

—_ — —_ N N N
AC = OC — OA = 6} — 2j + 4k

— iqok
ABx AC=|3 -1 2|=0
6 -2 4

The vectors AB and AC are parallel. But they have the point A as a common point.
AB and AC are along same line
. A B, Care collinear.

3 Marks

15.

16.

17.

18.

19.

With usual notations in triangle ABC, we have BC = G, CA = b AB = ¢.
Then |BC| = a,|C4| = b, |4B| = ¢,and B + G4 + 4B = §

S0, BC = —CA — AB

Then applying dot product, we get

BC.BC = (—CA — AB).(—CA — AB)

= ‘Bb|2 = |c‘A\2 + \A‘B‘z +2CA. AB

= a% = b%+c22bc cos (7 - A)

= a%=b2+c2-2bc cos A.

The results (ii) and (iii) are proved in a similar way.

Given f(z) = sin! (T;:l) <1
We know that the domain of sin(x) is [-1, 1]
=-1<z <1
Consider = —1 < =t
=0< 2 4
=252 >0
(z; 11)’ >0
=x=-landx<0
Consider zz; Loy
=z _1<0
> 2l g
= (”2;1”2 <0
From (1) and (2) Domain {-1, 1}

=

Let the position vectors of the parts A and B on the circle lie @ and b respectively.
Since O is the centre of the circle

|04| = |0B| = [d| = [B] (1)

Also D is the mid-point of AB,

= 0D = & (mid-point formula)

(‘t"). (0B — 04)

—
=
o
|
=
v

= O0D.AB=0= ODL1AB

Hence, if a line is drawn from the centre of a to the mid-point of a chord, then that line is perpendicular to the chord.

Letsinlx =4.
Then,x =sinfand-1< z < 1
Now, tan(sinx) =tan § = <2 — =l — = |z| <1

cost) VT st Vias




20.

21.

22.

23.
24,

Cartesian equation of straight line passing through two points (2, 1,4) and (@@ - 1,4, -1) is

Similarly, Cartesian equation of straight liens passing through two points (0, 2, b - 1) and (5, 3, -2) is

Lo ywm _ Za
T2 By P
[~ (le v, Zl) = (2; 1) [“) (XZJ Y2, 22) = (a) -1, 4, _1)]
o2 _ oyl e
a—1-2 4-1 1-4
S
a—3 3 -5
o5 _ y3 _ =43
50 23  b1.2
[ (X1,Y1,Zl)=(5,3,‘2) (XZ,YZ,ZZ) is (O,2,b)(1)
= 25 _ ¥y3 a2

-5 -1 b+1

(1) and (2) are parallel if their direction cosines are equal

- Direction ratios ofline (1) area - 3, 3, -5
Direction ratios of line (2) are -5, -1,b + 1 ....

To make the direction ratios equal, multiply (4) by-3.

(&) > 15,3, -3b-3

3)—a3,3,-5
~sa-3=+5=a=15+3=18
3=3

-3b-3=-15=-3b=-5+3=-2

-2 __ 2
>b===1

~a=18andb= 2.
P
3
4

Let cos™! (4) =0 = cosf = &

. _op _ 3
..tan97ad] 2

= 0 = tan™! (%)
LHS = cos™* (%) + tan~! (%)
=tan! (13-) +tan™! (%)

[ tan "1z + tan™'y = tan ™! (% )]
1 3,3
= - R S T—
fan (1— @ <%>)
15412 27 20

= tan* (%) = RHS
Hence proved

Given h (%, V, z) = x sin (xy) + z2x

% = z.cos(z,y). %(ﬁy) + sin(zy) (1) + 22(1)

= x cos (xy) (y)(1) + sin (xy) + z?

= Xy cos (xy) + sin (xy) + z2

(&) ey — 2 (3)cos (23) + sin (25 (1)) + 12

= Zcos (%) +sin (%) +1

x cos (xy) x(1)
= %2 cos (xy)
(%)(2,;,1) = 2%cos (2%)
= 4cos (%)
=40)=(0)

(8) =0+ z(22) = 222

(%)(2,,-;,1) =2(2)(1) =4

Givenu (x,y) = T_‘J;

u(Az, A\y) = P e'd

\/)\-‘C_‘)\l/
— X
e
=N Tu(z,y)
= \u(z,y)
~ U (%, y) is a homogeneous function of degree £
=~ By Euler's theorem,

du du — [ o _ 3
xEerE—n.u-«xaz +yay =3u

Hence, proved.

LHS=ax (bx&) +bx (Exd)+&x (@xb)
=(@-&)b— (a-5)é+ (B-a)c— (5-d)a+ (-8)a — (
—0=RHS



25. Let cosec™(-1) = y. Then, cosecy = -1
Since the range of principal value branch of y = cosecx is [-%,7]\{0}and
cosec (—%) = —1,
We havey = —1Z.
Note that —Z € [, 2]\{0}
Thus, the principal value of cosec(-1) is - £
26. Letda=T7i+ \j—3k,b=1i+2j— kandé= —3i + 7j — 5k
~ volume of the parallelepiped
=a. (b x 9
Givena. (5 x &) = 90
7 A -3
12 -1
-3 7 5
2 -1 1 -1
ool Gl
= 7(10+7)-1(5-3)-3(7+6) = 90
= 7(17)-M2)-3(13) = 90
= 119-22-39 = 90
= 119-39-90 = 2
= -10 = 2%
=>i=-5
27 Giveng =i—kb=ai+j+(1—a)khé=yi+zi+ (1 +z+y)k
0 -1
1
T

=90

=

1 2

PRMEEY

i
1
6,6 =a. (bx &) = | =
Yy

1 1-2z
z l+z—y
= [(1x-y)x(1-3)) - [x*-y]
=l4g—fg—f+A — £+
=1
= [abd] = 1for all values of x and y
. [abé] depends on neither x nor y.
28. y=—sin(+z)
The amplitude sin x is 1
= amplitude of —sin ($z) isalso 1.
The period of —sin (3z) is 32 = 27 = z = 67
29. We know that sin™: [-1,1] — [-%, £]is given by
sinx = yifand only if x = siny for -1< z <and -% < y < Z. Thus,
sin”! (sin (—%)) = -%,since -£ € [ £, %]
30. Letsin-1(-1) =ywhere £ <y < £
Then sin }(-1) =y = sin y=—1
1= sin () = y= £ [ e[ = 5]
.. The principal value of sin™!(—1) is 5~

31. Note that g is differentiable and g'(x) = 2x + cos x
Thus dg = (2x + cos x)dx.
32. x=2anddx =01
Taking differentials,
df = 2x + 3)dx
Whenx = 2,dx = 0.1
df = (2(2) + 3)(0.1) = 7(0.1) = 0.7
33. %;‘y =" [3wy+ 1+ wzyﬂ
34. Compare the given equation with

F=a
i=i-jb=2%+5+k
C=i+7—hkd=2—-7—Fk
c—a=2j—k
L i 7k
bxd=1|2 1 1

2 -1 -1
=i(-1+1)—j(-2-2)+k(-2-2)
=45 — 4k
(@—d)- (Bxd) = (2 k) (45— 4k)
=84+4=12

(=) (x d) = 12
(B x d)] = VI6+16 = V32 = 4v2



|(E=a)-(5xd)|
[5xd]

= 2 units
V2

Distance =

e
Tz

Multiple Choice Question
35. 0 %

36. ) tan' ()
37. (© %

38. (b) x2x-12=0
39. @) ==

40. (©) [ 53,7 =0
41. @) | ‘S‘ &

42. @ =

43. @ 0

44, (@) 81

45. @) +,-2

46. @ Z

47. (b) 0.4%

48. (b) +

49. (b) -do

50. (b) y-z

51. @ 711

52. (b) &

53. (¢) ¢paralleltoa

54. (c) parallel to the line of intersection of the plane containing @ and § and the plane containing ¢and d

—_



