Mathematical Tools ﬂ_

SOLUTIONS OF MATHEMATICAL TOOLS

EXERCISE-1
PART - |

Section (A) :
A-1l.  f(m/2)=cosn/2+sinn/2=1
A-2. f(2Q)=4%x2+3=11

f{f(2)} =f(11) =4 x 11 + 3=47

1
1—-—
tan45-tan30 = 3 3-1

A-3. tanl5 = tan(45-30) = =
( ) 1+tan45tan30 1 f3+1
3

1+

_ (W3- =3+1_2\/§=4_22‘/§=2—«E

2 2
A-4. cos?26=1-2sin%0

2sin?0=1—cos? 0 = sin2 0 = (#j
A-5.  sinA . [sinAcosB + cosA . sinB]
sin?A . cosB + sinA . cosA . sinB
sin?A . cosB + %sinZA . sinB
A-6. .. COS [g + ej = —sind [cos in II quadrant gives negative value]

sin (6 — m) = sin[—(x —0)] = —sin(n —0)

=—sinb

sin(r + 0) = — sind [sin function is —ve in III quadrant]
A-7. x1=8sinf and xz2 = 6c0s6 then

X1 + X2 = 10 sin(6 + 37°)

(X1 + X2)max = 10 [sin(0 + 37°)]max =10 x 1 = 10

Section (B):
B-1. W -oxs1
dx

B-2. dy = sec? x — cosec? X
dx
2
B-3. ﬂ:cosx—sinx, dz = —sin X — cos X
dx dx
2
B-4. ﬂzl+ex, dy:—i+eX
dx x dx? x2
Section (C):
C-1. i e*/nx = énxdi + X dﬂ
dx dx dx
e*/nx. + £
X
C-2. dsinxcosx) _ sinx dlcosx) , cosX disinx) €0s?x — sin?x

dx
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Section (D) :

D1 y= (Bx—2)(2)—(2x+5)(3) __ 19
(3x—2)? (3x—2)?
nx 1
d (j Xx=—=(nx.1
D-2. dy _ X )_""x i _ 1—£2nx

dx dx X X

D-3. sec’ —tan’x =1
@ =0
dx
d — 1 1,
D-4. (a) —uv=uv'+u'v
dx

=5x 2+ (-1) (-3) = 13

) 3 (Ej: wi-wv'_ (3)-(6K2) _
dx \ v Y, (-1)

© 9 m: uv' vt _ (5)2)=(-1)(3) _ 7
dxu v (5) 25

o L (v —2u) = v -2
dx
=7x2-2(=3)=20

Section (E) :
E-1. y=sin5x
Let5x =6
y=sin6
dy _ dy d@
dx  do dx
ﬂ = cosb ﬁ =5
do dx
'.@=50056 0 = bx
dx

" d—y=5005 5x
d

E-2. Letu=(aX+¢)
dy) _ dy du
dx du dx

=2 cos(ox +¢) X ®
= 2w cos(wx + ¢) Ans.

E-3. ay__ 27(4 — 3x)8
dx
Section (F) :
F-1. x+y)?=4
2(x +vy) (1+yj =0
dx

L X+y=0 = 1+ —==0 = ﬂ:_
dx dx
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F-2. Xy+xy’=6

X2 dy +y[+2x] + y? + x| 2y dy =0
dx dx

% [X? + 2xy] + 2xy + y>=0
X

dy o -2xy-y*
dx  x®+2xy
Section (G) :
G1 dA _ d(nr?) _ nd(r?)  2mrdr
Codt o dt dt dt
2
G-2. i S= M:Snrﬁ
dt dt dt
Section (H) :
H-1. x=—t2+4t+4 ... (i)
for maxima
% =0
dt
—2t+4=0
t=2

o dPx
from equation (i) proiie 2<0

X has maximum value at t = 2 sec. maximum value of x
Xmax = —(2)2 +4(2)+4=8

H-2. Ymax = 39, Ymin = 38

Section (I) :
I-1. dy = d—yxﬁ
dx du dx

dy _ 48 (8x — 1)?
dx

I-2. dy = d—yx%
dx du dx
3cos (3x +1)

I-3. ﬂ:d—yx%

dx du dx

12 X3,
I-4. ﬂ:d—yxE

dx du dx

ﬂ = — lsini

dx 3 3

PART - Il

Section (A) :

Al y=x2-2x+1
jydx: I(x2—2x+1)dx+c:jx2dx —ijdx +.fdx +c

2,
=2 —x’+x+c
3
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A2, y=(X)¥+x1B
jydx=jx1’3dx + jx’1’3dx
3X4/3 3X2/3
+
4

+C

A-3.  y=sec?x jydx:tanx+c
A-4. y=cosec?x jydx:—cotx+c

A-5. y=secx-tanx :jydx secX+cC

1 1,1 1
A-6. =— dx == [=dx+c= =/(nx+c
y 3x jy 3 J-x 3
Section (B) :
B-1. jxsin(2x2)dx Let u = 2x? du = 4x dx
. du
:fsmu—
4

= lJ‘sinudu :—lcosu+C
4 4

B-2. _[sec 2t tan2tdt
Letu=2t du=2dt

du
_[secutanu?

Esecu+C
2

Esecu+C
2

B-3. j 3 dx=3j(2—x)’2dx

(2—xy’
Letu=2-x du=-dx
3ju’2(—dx)
=+—3+C = S +C

u 2—X

B-4. jsin(82—5) dz
Letu=8z-5 du=8dz

sinuﬁzl (-cosu)+C
8 8

:—%cos (8z-5)+C
Section (C):
T

71',71 4 _ T _ 3
C-1. Eidezi[e]*‘ =3 (1) -(4)]= >

52 ) 52 2 2
c2. | rdrz{r—} BCNE) S CF) PSP
+ o 2 2

C-3. .lfexdx: [eXJ =e-1
0
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Section (D) :
D-1. y=2x

Area = .Tydx = TZxdx = [XZJZ = b? units
0 0

2
4
D-3. 'Tfydx :Isinxdx:[—cosx];

0 0

=[-cosm+cos 0] =2

D-4. J‘sinzxdx='[m dx
0 0 2
_ J-ldx_-‘-cost dx
0 2 0 2
= E_l[sinzx]n = E —-0= E
2 4 ° 2 2
PART - Il
Section (A):
A-1. (i) 105°, (i) 1500, (iii) 105°.
A-2.
5
g0 120
5
Q=120°
A-3. Vr= 5] m/s = — S]m/s.
Section (B):
B-1.
30
40 40
\
@) > P
‘(5P‘ =30m
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B-2.

B-3.

B-5.

B-6.

B-7.

B-9.

A =30i
B =40]j
i= A+B=30i +40]
tan ¢ = 4/3 = 53°
a

i

‘é‘ = \Ja% +b? + 2abcosH

‘é‘ = \/az +b? +2abcos0
= el=1él

Can not be zero

C
Using triangular inequality
C>10-6
C<10+6

4<c<16

T

&=

5 = f4

Resultant of vectors forming closed polygon is zero vector.

|A+B| = /A +B?+2AB - coso

cos O ismin. when 0 ==

é:/& +é
|A| =12 |C|=13
|B| =5

They for ether form pythagorian Triplet with Qas = 90

AN
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B-10. P+Q=P -0
20 =0
= Q=0
B-11.
A
~ . X
Bl v
o2 A
45°
_B \
ZR
v 6/
Section (C):
C-L (3 +(2f +(1))° = o+4+1 = V14 unit
C-2.  x=25c0s?10°=—25cos 30° [210° = 180° + 30°]
y = 25 sin? 10° = —25 sin 30°
C-3. M = 60 km/h
M =430% + x? = 60
30% + x? = 60°
x2 = 3600 — 900
X2 = 2700
X2 =900 x 3
x = 3043
C-4 A=05i + 0.8] + ck is a unit vector
0.52+0.82+c?2=1?
=ar E
10
C-5. A=2i+2]j
cosd = A ? = 24243
Al (2v2)(2)
B=i+J3]
2(1++/3
(&) P
C-6. F=2i-3]N
c-7. A 1,-1) B(2, -3, 4)

AB=B -A=(2-34)-(,-11)=(,-4,5)

AB =i —4] +5k

AN
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Section (D) :
D-1.  A=i+j+k B =2i+]j
@ A.B =(1)Q)+ D)D)+ (1)(0)=2+1=3
i ok
AxB=111=i0-1)-j0-2)+k(1-2)
210
AxB=-i+2]-k
D-2. H:4|§‘ =3
0 = 60°
A.B=|A||B|cos60°=4x3x1/2=6
B
60° =
> A
|Ax B|=|A||B]|sin0=4x3x % =63
D-3= A, B & are non-zero vector
A-B=0&A-C=0
AisltoB
Aislto C - BxCisllto A
D-4. A.B=8 ABcos6=8
|AxXB|= 83 AB sind =8./3
tand=+3  0=120°
EXERCISE-2
PART - |
1. foo= “HEEEY A Q)
X+1
x=1_4
f{f(X)}: f(X)_1 :X+1 = -2 ___1
f(x)+1 x-1 X+1
AR |
X+1 2X
X+1
2 Bx‘ﬂ—s
X_
2. f(y):f[f(X)]:T =X
3 [ }—2
3x-2
3. 120° + 0+ 0 =180°
= 0 =30°
sin120 sin/A sinZC
10 a (o]
side a=sidec= E¥Em
®
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5. (a3.4.4.3 B >-2.3_2
5 5 5 5 5 5 5 5
4 3 4
C —+1¢——1 D) —x—-=1
© 4 3 () 4 3
6. R? = 2A%(1 + cos0) = 2A? (l+ 2cos’ g —1) = 22A2coszg
R = 2Acos9
2
7. y=Inx% + sin x
d(Inx? i
dy _ ( )+d(smx)
dx dx dx
1d,,
= = — (x?)+ cos X
x2 dx( )
= iz . 2X + COS X
X
2
= Z +cosx
X
2
2 d)
N LT _ 5, eIy 2 .
dx? dx dx X2

6

dy d(x” 7) dtanx) _

8. =~ +sec?
dx  dx dx 7
2 —-6/7
dy _1dxc™) d(sec X) - x’“’ " + 2 secx (secx tanx)
dx? 7 dx dx T 49
= _—6x’13’7 + 2 tanx sec?x
49

9. y=[x+%}(x+%+l}
y1 d( 1)
dy _ (x+1j —d(X X+1)+(x—1+1j —X+ X

dx X dx X

1 1
[ 1j+ x G dw +(x—1+1} ax %)

X+ = +
X dx dx dx X dx dx

o))t
X X X

—X+1+1+i+x_1_1 i+1_i:£+zx_i+l
X x x x x x° x2 Xt x2

10. r=(1+ seco) sind
r =sind + secO sind
r =sind + tand

dr = COoS 0 + sec?0
do

®
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11.

12.

13.

14.

15.

16.

1+ cotx)i(cotx) - cotxi(1 +cotx)
dx dx

dy _
dx (1+cotx)?
_ (1+cotx)(—cosec®x)—cotx(—cosec’x) _ —cosec?x
(1+cotx)? (1+cotx)?
tan xi(énx +€e*)—(lnx + e~ )itan X
dy _ dx dx
dx (tanx)?

tan x(i + exj —(ﬁnx+ e ) (sec? x)

(tanx)?

d - d .
— (sin®x) + — (sin 3 x
dx( ) dx( )

_ dsin’ X dsinx+ dsin3x_ d(3x) _
dsinx dx d(3x) dx
= 3sin?x cosx + 3 cos3x

3 sin?x cos x +

dy d ., .,
o dx [sin? (x + 1)]
_ dsin*(x* +1) y dsin(x* +1) y d(x* +1)
dsin(x*+1)  d(x*+1) dx

=4 x sin (x2+ 1) cos (x* + 1)

dg_d (2r — r3)2

dr dr
d(2r-r?)"? y d2r-r*)

d(2r—r?) dr

1—r

1

Z(2r-e*y"?@2-2r) =
2 2r —r?
x3+y3=18 xy

do< +y°) _ d@8xy)

dx dx

3 3
di + dL =18x. di + y —d(18X)
dx  dx dx dx

3x2 + 3y2 ol =18x. ol +vy.18
dx dx

3x2 +3y2. dy _ 18x. dy +18y
dx dx

3y? % — 18x. j—y =18y —3x?
X X

dy (3y? —18x) = 18y —3x?
dx

dy _ (18y-3x’)
dx  (3y*-18x)

cos 3x

AN
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17.

18.

19.

V = ar?h.
dv_dwh _drh
dt dt dt

2
T har 2 dh
dt dt

Tc{Zrhﬂ +r2 @}

dt dt

=n{2rh . 5+r25} ﬁ:Sm/s &ﬂ:Sm/s
dt dt

= n{10rh +5r%}

X+y=60
Xx=60-y

Xy =(60-y)y
fly)=(60-y)y

for maximum
f'lyy=60—-2y=0
y =30

sox=30 & y=30

Let the dimensions of the tank be x and y area of the open tank = x2 + 4xy.

Again x & y are related to surface area of this tank which is equal to 40 m?

y
X
X
X%+ 4xy = 40
_40-x?
4x
2 ARV
Volumev=x2(40 X J= 408
4x 4
_ 2
for maximum volume v' (x) = % =0
X = ﬂandv"(x)=—3—X
\j 3 2
v jﬂ __L f£< 0
3 2\3
. . 40
So volume is maximum at x = f? m
PART - I

= j(x’z +x73)dx
= jx‘zdx + fx’a dx

—2+1 -3+1
X X

+ +C
- 2+1 -3+1

=—-x"! —% X2+ C,

AN
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2.

j(1 — cot® x)dx =.f1 — (cosec?®x — 1)dx
= .[(2 —cosec’x)dx

= _[de—jcoseczxdx
=2x+cotx+C

j cos6 (tan6 + secO) do
= J' cos0 tand do +.[ 0s0 sech do

= jcose

p— 9 4o +j do

=—cos0+0+C

[ 120/ +4y?+1)2 (y°+2y)dy
By Substitutingu =y 4+ 4y 2 +1
d(y* +4y* +1)

du=dy=
dy

Then, [12 (y* +4y? +1)2(y >+2y) dy = [ 3u?du

_ oy 3U° — (4 21113
—3j udu—T+c—(y +4y2+1)3 + C

J-\/5X +8
By Substituting 5x + 8 = u,
d(5X + 8) _ du

dx  dx

du

5= ——
dx

5dx = [%j dx
dx

dx= —

1u 1/2
5 1/2

du
h =1/5{u? du=
then J.5 J' us=
:E\/J+C:§ﬂ/5x+8 +C

Letu=3-2s = du=-2ds

[u [‘gj - u3’2+C——(3 25)%2 + C

2x3/2

j sec?(3x + 2)dx

Letu=3x+2 du = 3dx

, du
sec u—
3

%tanu+C: %tan(3x+2)+c

(4y®+ 8y) dy = 4 (y3+ 2y) dy
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8. jcsc(ﬂjcot(o_n) dv
2 2

LV—T

Letu=

du:d_v
2

= jcscucotu(Zdu)
=—-2cscu+C

=—2csc [HJ +C
2

j 6cost
(2+sint)®’
Substituting 2 + sint = u
du
cost= —
dt
cost dt=du
6du _ du
Then -[u = 6.[u_3

6u—3+1
T _3+1
=-3 (2+sint)?+C

+C

10.

3 37
11. = {X—}
3o

= m_(): Z
3 3

12. Substituting x? = u,
or 2x dx = du
X dx = ﬂ

2

Now, changing the limit for
x =0, u=0

x:\/;, u=2

u=mn
on _[ sinudu = [—cosu]; =—cost+cos0= 2
u =0

1

13.

1

In(3x +2)}

(/n5—¢n2)

u3
m2=m |2
2 2
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14.

Area of the region between the given curve & x axis on the interval [0, b]

b
j 3x%dx
0

3 | b
{ 2 } =[], =p*-0=1p?

0

PART - Il

B=2A=-4x3N-E
=12 S-W
No it does not represent the same physical quantity.

2O
0
Fy
Giventhat F. = 18

From figure Fu :JF2 —-F? = 30?-18°
= 576 = 24N

From figure tan6 =

F, =18N

R
I:H
tand = 3/4 = 0=237°

R|&

Let P & (3 are two vector

if <
Q P
P-Q=10unt ... (1)
If Q ‘
S
P? +Q? =50 unit
P2+Q%=502 .. (2)

from equation (1)

(10 + Q)* + Q* = 50°
2Q? + 20Q + 100 = 2500
2Q? + 20Q = 2400
Q?+10Q -1200=0
(Q+40) (Q-30)=0
Q=30

So, from equation (1)
P=10+Q

=10 + 30 = 40 unit

_ Psin6
tanoe = ——
A +Bcos6

8 +6c0s90 8 4

tan o = 3/4
a =37 Ans.
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5. OA :r]
oC =ri
OB =r(cos 45 +sin45])

OB: .+ o
NN

R= OA+0B+ OC

a r = r = °
Srj+ =i +— j+ri

]

— rj- r =
‘ R ‘= (r+$j|+[r+$jj‘=r(l+ﬁ)

7. Given that

A=4i+6] ... (1)
A+B =101 +9] ... )

from equation (2)
B=10i +9j- A
=10 i+9]—(4i +6])=6i +3]

E TBY: 3
0 S
B, =6
B
From figuretan 8= -~ = e tan™t X
B, 6 2
9. Angle between two vectors can never be greater than 180°
6

on increasing the 6, the magnitude of resultant vectors decreases.

10. Initial velocity = 50]
Final velocity = —50]

1 change = 502
along south west

11. Sum of any 3 sides should be greater than fourth side.
12. a+b>‘é+6‘>a—b
13. |A+B|=]A|=|B

|
Case -l Either |A| = |I§ | = 0 (zero vectors)
Case- Il |[A|=|B|=0
|A+ B|=A2+ B2+ AB cos0
|Al = |B]
= 2A? + 2A2? cos0
= 2A? (1 + cos0)
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= 2A (2c0s?0/2)
= 4A cos? 6/2
Now |A + B| = A
0 1

)

COos

6 =120°

14.

- 90°, 135°, 135°
15.

[

60°
60°

>
»

b

—=060°

135°

b By vector translation ¢ b

Ol

ol

Only horizontal along + x-axis
= 2cos 60° + 2 cos 60° = 2

16.

Coplanar all in a single plane (xy plane)

60 = 360°
6 = 60°

Check now every component cancels out net = 0
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17.

18.

19.

2.5

A

+
é:—ﬁx

i
B
A

A vector is represented by sum of its component vectors.
e, A=A +AJ+HAK
so, from given options only option (A), (B), (C) are correct.

-
-
X

—_

=— ]:> south

a? + b? + 2ab cos0 = a? + 4b® — 4ab cosf

or cosO = i <1
2a
b <2a
EXERCISE-3
PART - |
(A) J-SEC xtanx dx = secx + C
(B) [coseckx cot kx dx =%€‘Ckx rC
© jcosecz kx dx = — cotkx +C

sinkx i C

(D) jcos kx dx =

(A) | A+B| = A2 + B2 + 2AB cosf
A? = A2 + A% + 2A2 cosO cose=—%,9=120

B)Fi~F2<R<Fi1+F
Here Fi~F2=4and F1 + F2 = 12
A.B_ 0 _
|AIIB]  242x3

(D) A+B =2i+]+3k |A+B|=2° +1+32 =14

0 6 =90°

(C)cos 6=

PART - Il
X=t3-3t?+ 12t + 20
v= 3 s3e_gte12
dt
t=0 = v=12m/s
- v =6t—6
dt

t=0 = a=-6m/s?
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3.

a > 0w D

a=0 = t=1sec.
v=3t2—-6t+12 =9m/s

Fret = |7:'1+|7:'2 = 2?+5]+4IA<

cosO = AFl Fi :[ 3 J
IRIIF | 542
F,

PART - Il

lal-|b|<|a+b|<|al+|b]

R= \/A§+B§ =g’ +6° =10

Based on theory

Based on theory

Angle between two vectors given by.

SO cos 0= i S

cos06=0 9=£
2

Based on theory.

(i) if f(x) = e

then f'(x) = —e™

so f(x) = = f'(x)

(i) if f(x) = e* then f'(x) = e
so f(x) = f'(x)

(iii) Based on theory

(iv) Based on theory

(v) Based on theory

A=Aj B=Aj
A+I§+6:AiA+A]+AI2
|A+B+C|=VA? + A% + A2

Given A=3i+4j B=

Let CSC|C

G+ DIkl v2xl

PART - IV

=J3A

7+ 24]

Given that | C |=|B|=\[72 + (24} =25

and C=A _3i+4
G 25x(8i+4)) C =15i +20j
5
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3. If | AB|

then angle between A and B is equal to zero

So, A x B =ABsindn=0

i ] kK
4. Area of parallelogram = |AxB|= {3 2 0|=|-8i+12j—4k|=+/224
2 0 -4

Perpendicular

i+]
45°

7. A=ai and B =acosoti +asinotj
|A+B|=\3|A-B|

\/(a+ac05mt)2 +(asinot)? = 3 \/(a—aCOS(Dt)Z + (asinot)?

= Zcosﬂt:i 3x2$inﬂt
2 2
tan%tzi%
%t:nni%
itzl’miE
12 6
t=(12n+2)s
=2s,10s, 14S ....coeeeeennnnnn
HIGH LEVEL PROBLEMS (HLP)
PART - |
(x+0.5) Sl (x2—4)—(x2—4)£(x+0.5)
1. gr (X) - dx 2 dx
(x+0.5)
_(x+.5)(2x)—(x* —4)
- (x+0.5)?
2 +x=X*+4 _ X*+x+4
~ (x+05)  (x+0.5)
d ’
2. @ — (uv) =uv' +vu
dx
atx=1 =u(@)v' (1) +v () u'@)
=2x(-1)+5(0)

=-2
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V2

3"
dx \v )
_50)-(2)1) _ 2

(5)° 25

d
®) [V

atx=1

uj _ vu'-uv

v(1) u()—u (Nv'(1)
[v@F

2

u u

© di(xj _uv'=vu'_uv'(1)=v(1)u'(1)
X

(d) i(7v —2u) =7v'=2U'
dx

atx=1
=7v'(1)—-2u' (1)
7(-1)-2(0)=-7

1+cosec t
S = L

[u@®r

dr _ cosech
dd cot0+cosecO

" 1-cosec t
ds _ (1—cosect)(—cosect cott)— (1+cosect)(+cosect cott)
dt (1—cosect)
_ —2cosectcott
(1- cosectf
sint
1—cost
ds _ (1—cost)cost —sint(sint)
dt (1-costy
_cost — (cos’t + sin’t) _ cost—1 _ 1
(1-cos t) (1—cost)® cost—1
5. Withu=sinx,y=u® : dyARN = 3Uu? cos X = 3 sin? x (cos X)
dx  du dx
6. With u = cosx
y =5u™
ﬂ = d_y X d_U
dx du dx
=5(=4)u®(=sinx)
dy _ 20 sin x cos™x
X
7. r = (csch + coto)™
b=
cosecoH +cot 6
dr _ (cotb+cosecd) (0)-—1 (~cosec¢O —cosed cold)
de (cot® + cosecHy
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8. = — (sech + tan@)™*
-1

secO+tan®
dr _1 (seco tan@+sec®@) _  sech
de (sec + tano)? secO+tan@
PART - Il
1. (a) j csc x cot xdx
—cscx+C

(b) j—csc 5xcot5xdx

csc5x
= +

= C
5

T ™
Cc) | —mcsc—xcot—dx
© [-n 5 Xoot=—

+mesc Ex .
=2 -» csc—x +C
/2 2
2. j(1+ 2cosx)*dx

= _[(1+ 4c0s? X+ 4cos x)dx

= jl.dx+j4cosxdx+j4cosz x dx
=X+ 4 sinx + .[4(—00322X+1de

=X+ 4 sinx + j20032x+J2 - dx

2sin2x

=X+ 4 sinx + + 2X

=3X + 4 sinx + sin2x + C

1/2

X 12
3. I > dx+J'2x dx
1/2 +1 -1/2 +1
-1 X/2 +2X1 1C o= Ex p Az
2 (1/2+1) _1.4 3
2
4, '[8ydy—jylﬁdy
2 —1/4+1
8y” _ 23{_ te
2 —=+1
4

ay? — gyam fc

5. j [(2x — (2x)x°])dx
= j2xdx - I2x’2dx

_2xk xR 2
= — =x2+ Z +¢
2 —2+1 X
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10.

11.

12.

13.

14.

15.

16.

_[4secxtanx dx — 2_|'sec2 x dx

=4 secx—2tanx + ¢

J‘l csc? x dx—ljcscxcotx dx
2 2

1 1
=— —cotx+ —cscXx+c
2 2

_[sin2xdx—J'csczxdx

CcoS 2X
:—T+cotx+c

j20032xdx—j3sin3xdx

2sin2x

sin 2x + cos 3x + ¢
_f4sin2ydy

sin?y =
J 2

J-A{l—cgsZyjdy

= j2dy—J2cosZydy

2sin2y
2
=2y—-sin2y+c

:2y—

j csc O
cscO—sind

- J' sin6® do

~ 1
_I1—sin29

1
jmds

Let u=5s+4
du=5ds
ds = ﬂ
5
—1/2
= l ju’”zdu = E —U +1
5 5 -1/2+1

:é u +c:§\/53+4+c

_3 —Ccos3x +
2 3

1—cos2y

de = J'secze - do =tand + ¢

+C
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17.

18.

19.

20.

j3y w/7—3y2 dy
Let 7 — 3y? =t
diff. w.r.t. y both side
— 6y dy = 2t dt
=3ydy=-tdt
= [t dt

t3
=— — +¢C

21\3/2
I W

jtan7 X lsec? Xdx
2 2

Let tani =t
2

dx
2

sec?X. =dt
sec?X dx=2dt
2
t8
jt72dt:2—+c:
8

)
.fr E_1 dr

r3
Let — —-1=t
18

4

2
37 dr=dt
18
r2dr = 6dt
= j t°6dt

6 3
:6t_+C: I"__
6 18

6

tan® x/2
= " %+c
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21,

22.

23.

24,

i)
Ir“ {7_BJ dr

5

let 7-1_ =t
10

4
_5L dr = dt
10

rfdr=—2dt
j t3(—2dt)

1 4

jx5 sin(x® — 8) dx
Letx*®—-8=t

4 x¥3 dx = dt
3

x¥dx = Lt
3
J'Esintdt
4
3
=—->cost+c
4
=- %cos (x¥—-8)+c

ICSC(U;njcot(U;njdo

LV—T

Let =t = dv=2dt

jcsctcot t2dt=-2csct

:—chc(u_nj +c
2

'[1 [coty  csc?y dy

Letcoty =t
—csc?y dy = dt

—Nt'dt

2t3/2

+C

=— % (coty)*?+c

AN

Resonance®

Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in

Educating for better tomorrow

Toll Free : 1800 258 5555 | CIN: U80302RJ2007PLC024029

Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005 \



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Mathematical Tools

25.

26.

27.

28.

29.

30.

jsecztanz

#SSCZ

Letsecz=t
sec ztan z dz = dt

j—dt

=2t +c
= 2\fsecz +C

jizcos(}—1j dt
t t
Let %— 1=x

1
:—t—zdt:dx

j cos x(—dx)

=—sinx+c

= —sin [%—1] +C

3/2
j (—2x +4) dx

1/2

= [—xz + 4x]3/2

1/2

[

= 2 square units

1
j|x|dx
-2

o fo- ]

=2+ 1/2 = 2.5 square units

7l2 - 3—n/2
jez do - L

0 L 3 J0

3b % 730
_[xzdx = —| =9bnd
0 L 3 o)
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PART - 1ll
cr€ = B
y A ................... 2p y
4P S >X
.............. P A
b ¥ y
Let O be the origin & unit vector along x axis isi & unit vector along y axis is 1
So, OA =Pi
AB = 2Pj
BC =-3Pi
CD = — 4Pj
Resultant force
R =OA+AB+BC+CD
= Pi+2pi—3pi —4ij
R =-2pi — 2pj
|§| = Z\E P Ans.
o Al C.. i

N
W Ei

B S5

Final displacement of boat = 6 i, from figure

OA =2i
BC =5c0837°] — 55in37°] =4i - 3]
from figure

—_— — —

OC=0A+AB+BC
BC=0C-OA-AB
=6i —2i—4i+3]
BC=3]

= 3 km in north
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3. Given R =i+V and R LU

<!

and |R| -

|

Let [V| =xthen |R| = x/2

2
from]‘igureu2:v2—R2:x2—XT :u:% X
we know that

R? = u? + v2 + 2uvcoso
2

X—:Exz + X2+ 2 ﬁx (X)coso
4 4 2

B

= CoS O =———
2
0 = 150°
4. Giventhat|A|=5N, |B|= 13N &| C| = 12N

for angle between A & B, from figure sin o = %

o= 23°
so angle 6 = 90 — 23
so angle between A & B =180 -0 = 180 — 90 + 23 = 90 + 23 = 113°

5. From given condition
|A +B|=|A|=|B|=x
A2 + B? + 2AB cos0 = A?
X2 + x2 + 2x2 cos0 = x?
cosb =-1/2
0 =120°
|A-B| = |A|
A2 + B2 — 2AB cos0 = A?
X2 + x2 — 2x2 cos@’ = x?
cosd’ = 1/2
0’ = 60°
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6.

Let 0 be the angle between P and Q. Then.
R2= [P+QF = P2+ Q%+ 2PQ cos 0 (i)

If (3 is doubled, R is doubled. That means, the magnitude of resultant of 2(5 and 5 is 2R
(2 R)? = P2+ (2Q)? + 2P (2Q) cosb

This yields, 4R? = P2 + 4Q + 4PQ cosb ()]

When O is reversed, R is doubled. Hence, the magnitude of resultant of P and (~Q) is 2R .
Then, (2R)? = P2 + Q2 + 2PQ cos (180° — 6).

This yields 4R? = P? + Q% — 2PQcosf ...(iii)

2
Eq. (i) — Eq. (iii) yields PQ cos 0 = —3R (iv)
. L » . ~»_ BR?
Eq. (i) + Eg. (iii) yields P+ Q= > (V)
Eq. (i) + Eq (iv) yields P2 +4Q%=7 R? (%))

Solving Eg. (v) and Eg. (vi) we obtain Q = \/g Rand P=R
Hence P:Q:R:\/i:\/?_,:\/f Ans.

It is relevant from the vector diagram that each vector deviates from its neighbour by an angle of 60°.
We bring the tails of each vector to a point (origin) and observe that /:il and A4 are equal and

opposite; and ,7-\2 and A5 are equal and opposite.

oy
A
A,
A, 60° 60°
< > 5
0 —
N A,

A +A,=0and A, + A, =0

Hence R = A; + A, + A; + A, + Ag

= A = (|Az| cos 60°) (i) + (| Ag | sin 60°)

Substituting |A_)3 | =1, we have , A_;, :%(—ﬂ\ﬁ])

The forces exerted by the ants are given as,

El = 3 (cos 30° i +sin 300])

F, =—1i

Fz =2c0s45°] + 2 sin 45° (—])

and (=F) = Xi + yJ say.

Since the grain is in equilibrium, it experiences a net force
F=F+F +F+F =0

Substituting the values of the above forces, we have

f(¥—1+«ﬁ+x]+[%—ﬁ+yﬁ =0

AN
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10.

Comparing the coefficients of i and J we have
X== (#Jrﬁ—q and y:—(g—\/ﬁj
Hence the force exerted by the 4th ant has the magnitude
\/_ 2
F4:~fX2+y2 = ( +2 -1 J [2 \EJ

3-22
3f3+22-2

and directed at an angle ¢ = tan‘{ :‘ with —ve x-direction, as shown in the figure.

When the insect moves from position 1 to position 2, the displacement s = change in position vector
Ar . Since Ar = 1,— 1, the magnitude of the displacement is

|AT | = \/rf +r7—2r, r,cos0

v\e

Since the insect moves in a circular path,
rn=r2=R

Hence | Ar | = 2Rsin 0/2. The direction of Ar is given asp = g+g , as shown in the figure.

Let us draw a straight line PQ which is given by

PQ - OQ _ OP
where OQ = [ and OP = . (given)
This gives PQ =7 - rz
Since PQ I A (given)

PQ =pQ. & , where a-A

AN
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Hence r—r, = ?é This yields
- - > o
r = ry?é . Then by putting % =n, we obtain r =r,+na

11. K+§: ﬁ say,
Since |RF =R.R = (A+B). (A+B)

expanding the product, we have

- o> o 5> o

IRF =A.A+A.B+B.A+B.B

>

Substituting A.A =A?, A.B=B.A and B.B = |B[ , we have

IRP = |A] +|BF +2A.B

Hence |R|= |A+B|=\/|A|2 +|B|? +2|A||B]| cos®

12. Differentiating both sides of Z\ =ti —sin nt] + %k

—

we have C g(tf— sinntj + t°k)
dt dt

_doe do o eod oLy
. ()i = (sinmt)j+ = (f )k

=i- ncoswt] + 2tk

. d;\ 2 2 S

Puttingt = 1, we have ot = i—(ncosn)j+2(1)k
t=1
=i+ n] +2k
13. We have
Position: s =5 cos t
ds_d

. d .
Velocity :v= —= — (5cost)=5— (cost)=-5sint
YIVE T )= 55 (cost

Acceleration : a _dv _d (-5sint) = —5i (sint)=—5cost
dt dt dt
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14. (a) volume v of water remains constant

vV =1 (4R?) h — nR?x
dh dx
0=16nR? — —nR? —
dt
dh 1
_ _V
dt 16
(b) Area of wet surface /¢
d¢
A =1R?+ 2nR—
dt

¢ is length inside water

dA d/l
— =0+21mR —
dt dt

— =2nR [ V+—
dt 16

dA { V}_l?;z Rv

Ans. (a) M-V () 3RV
dt 15 15

15.

Let A = area of rectangle

=0
dt

dr_dc, dn
dt dt dt

8

1
A=8x E X X X a/rz—xz =4x «,rz_xz

For maxima :
A_, dA_
dx dx
- 4(r® —2x%)

4 (ZX(_—ZX)M/rZ—xZJ

1
or X= ——
J2
For X_L dz—A<O
2 dx®

Area is maximum for x =

and
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