Fundamental of Mathematics - Il
MATHEMATICS

Bl Exercise-1 |

OBJECTIVE QUESTIONS

Section — (A) Polynomial inequalities

A-1 Sol. x2<4 > X€[-2, 2]
X>-4 x={-2,-1,0,1, 2}

x? _4x+3 ~
A-2  Sol. 2x +1

3<0

- 10 {1,2,3,4,5,6,7,8,9)

14x(x —4)—(9x-30)(x +1)
A-3  Sol. (x+1fx-4)
14x? — 56X —(9)(2 - 21x-30)
(x+1)(x-4)
(x—1)(x —6)
o x—a) <"

— + -
| | l l+

-1 1 4 6
= x € {0,5}

<0

<0

7+9(x—2)+(x—2)(x—3)<0 x* +4x-5 0 (x-1)x-5)

. x-2Ix_3) I CET) P R ey e

-5 1 2 3 No positive Integers

A-5. Sol. —-5<x<10> x=-5,-4,-3,....... 9
and 0<x<15 means x=0,1, 2,....... 9,10, 11, 12,....15
Required integers values of x are 0,1, 2, 3, 4,........ 9 = Number of integers values of x = 10

x% -1 x? -1-6x-15 x? —6x-16
S P Y | A AP |
A-6.  Sol. 2X+5_3<0 = 2X+5 - 2x+5 N

X% —8x+2x 16

2)

X(x—8)+2(x-8) <0

5 5
. x+E . )-(+5 j_'% _2\-—/8

X € (o0, =5/2) U (=2, 8)

<0
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A-7.  Sol. bx+2<3x+8 = 2x<6 > x<3 ..(»0)
X+2 X+2 -3x+6
x-1<4 = x-1-4<0 = x-1 <0
X-2
= x-1>0 = X € (=0, 1) U (2, ») ...(ii)
Taking intersection of (i) and (ii) X € (—0, =1) U (2, 3)
Sol. bx+2<3x+8 > 2x<6 > x<3 ..(»0)
X+ 2 X+ 2 -3x+6
X-1<4 = X-1-4<0 = x-1 <0
xX—2
= Xx-1>0 = X € (—0, 1) U (2, ») ...(ii)
i) N (i), X € (=0, =1) U (2, 3)
A-8. Sol. x2+9<(x+3)2<8x+25
= (x+3)2>x2+9=> x>0 . 0]
and (x+3)2<8x + 25 > X2—2x-16<0
S oxe@-VI7 1417y (i)
M) N Gi) >xe @1+ V17)
Noumber of integers =5
X(x* —3x+2) X (x-1)(x-2)
A-9.  Sol. x*-x-30 o (x+5)(x-6)
D¢ N
X#-956 N T N
X € (-0, —5) U1, 2] (6, o) {0}
A-10. Sol. X € (—»,—9) W (=9, -3) Y [-1,0) “ (0, 2) [4, 6)
so +ve integral solution
2 1 72x—120
A-11. Sol. X*-x+1 x+1 x*+1
2 2 2 2
2Xx+2-X +x—'|_(2)n(—1)20 3x+1-x —2x+120 -X +)<+22 X —x—2_O
x2 +1 x? +1 = X2 +1 = x2 +1 x® +1
(x+1)(x-2) (x-2) <0
= (x+NC-x+) 2 g o (F—x+1)

<
required value of x, {0, 1, 2}

Section (B) : Logarithm identities, properties and graphs

B-1.  Sol.

4
abd=1= log w.r.t.a — 4 + 5logab = l0gal = logab = 5
[_ 4 J 25-16_ 9
Now l0ga(a®h?) = 5 + 4logab = 5 + 4 * 2 o S
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1 1 1
B-2. Sol. 1+log,a+log,c  1+log.a+log.b  1+log, b +log,c
1 1 1

B-3.

B-4.

B-5.

B-6.

B-7.

B-8.

B-9.

B-10.

B-11.

_log,abc _ log;abc  log, abc
= l0Qabc b + l0gancC + l0ganca = logascabe = 1

1 1 1
log - abc . log . abc . log - abc

Sol.
= loQabc \/E + lOgabc \/a + loQabc \/ﬁ = lOgabc abc =1

Sol. logz (5 % 2).logz (24 x 5) — (log25)logz (25 x 5)
= (logz25 + 1)(4 + l0g25) — l10g25(5 + log25), let log25 =t
=(t+1)(4+t)—t(5+t)=t2+5t+4-5t—t?=4 = 4log22 = log216

3
2Iogzw4 a_ 3logz7 (a® )

-2a
Sol. y= 74log49a a1 N 2"392114 a _ 24Iogza -
3logz7(az+1)3 _ 3Ioga(a2+1) 241 N 74logiga _ 72logra _ a2
a*—(a®+1+2a) a*-(a+1)
y: 82_3_1 — 82—8—1 :a2+a+l
Sol. X :2I0f_:13 y= 3I092 _ 2Iog3 = x
1
Sol. loga(@b)=x = 1+logab=x = logb=x-1 = logha = X—1
1 x-1+1 X
Now logs (ab) =1 +logrpa=1+ X-1= Xx-1 =x-1
Sol. logioTt is quantity lie between 0 to 1.
n
- log,|—
(p)° "lp -
Sol. logr logp = =—loge p" =-n independent of p.
Sol. logio (10g23) + logio (logs4) + logio (logas5) + ........ + 10910(10910231024) = logio (log21024)
= log10(l0g221°) = log10(10) = 1
Sol. Clearly Domainis x>0 and x #1

Section (C) : Logarithm equation and inequalities

C-1

3|

Sol. Letlogz x =t

1-t/2 -1
—<
1+t 2
1—2t30 2t—‘l20
1+t N t+1
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1 1
logox < —1 or logox > 2 >x< 2 or x> V2
C-2. Sol. logp(logg(logrx)) = 0 = logg(logx) =b = logx =q = X=Tq e (@
and logq(logr(logpx)) = 0
= logr(logpx) =1 = logpx =r > XZPr e (i)
from (i) and (ii) pr = rq
(i) (i)pr=rq
= P = rar
x2
C-3. Sol. 2logiox —logio(2x—75)=2 = 2X-75 =102=100
= X2 —200x + 7500 =0 = x =50, x =150
sum = 200
VZ+242) 5 i8) 3 1
+ 2 2 22
C-4. Sol. logxlogis ( ): 3 = logx |0918( ) =3 S logx 2=3
1 1
= X13 = 2 = x=8 = 1000 x = 125.
c-5  Sol. 3™ _2x-320 >  x2-2x-3=0
x-3)(x+1)=0 = x=3,x=-1 but x#-1
~ X=3.
c6  sol. VO _jog0x = x>0 5 Vogo(=x) g
x| = —x = = log1o(—x)
logo(—x) (0(X)=1) _
logio(—x) =0 logio (—x) =1
= —x=1 —x =10
X=-=1 x =-10.
2
log . (x*-3x+2)>2 (\/25}
n
C-7. Sol. s > X2—3x+2< > 4x2 —12x+8<3
£
= 4x2 —12x+5<0 = (2x=5)(2x-1)<0 = X € 22
But domain x2—-3x+2>0 > x-1)(x-2)>0 > X € (=0, 1) U (2, o)
e
Hence x € 2 2
log,s (x—=1)
C-8. Sol. logo.3 (x — 1) < logo.o9 (x —1) logo3 (x—1) < 2
=> logo3 (x—1)< 0= X=1>1 = X>2
C9. Sol. 2-log2(x2+3x)>0 = log2 (x2+ 3x) <2
x2+3x>0 => XE(—0,-3)U(0,©) ... 0]
and X2+ 3x <4
= (x-1)(x+4)<0 > xe-4,1 .. (i)
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() N (i) = x € [-4,-3) U (0, 1]

C-10. Sol. logos logs (x2—4) > logos 1 ; logos logs (x2—4) >0
= x2—4>0 => X € (=00, —=2) U (2, ) (i)
logs (x2—4) >0 = x2—-5>0
5> xe(wo—V5) u(VB ) .. (i)
logs (x2—4) <1
= X2—9<0 > X € (-3, 3) .. (i)
@) N (i) N (iii) = xe(\/§—3,)u(\/§,3)

HaliE
c-11. Sol. 2 < \2) Sxo—2x>2

= X2—2x—-2>0 :xe(—oo,Z—\/g)U(z.H/g,oo)

Section (D) : Modulus Functions, Equation, Inequalities

D-1.  Sol. |x%—4x+3| =x2—4x+3 (x-1)(x-3) =0
—(X2-4x+3) (x=1)(x—3)<0

Y = XA+ 34X X & (0,1 U[3,%)

xe—dx+3+7—x=0 X <=(13)

D-2 Sol. y= -1-2x —0<X<—3
5 -3<x<0
5—2x 0<x<2
1 2<x<3
2x -5 X>3

Solve fory=7x+1 = x=4/9

D-3. Sol. If p is solution, then —p ao will be another sol.

D-4 Sol. Let |x-1|=t ; ?-3t+2=0 => t=1,2
[x-1|=1 [x=1| =2
x=0,2 x=-1,3

D-5 Sol. Minimum will be at x =1 f(1) =2

D-6 Sol. [x-4| =5 or [x-4| =3
x=9,-1 x=7,1

D-7 Sol. [x3 — 9x? + 26x —24| = |x-2| |x=3| |x—4|
When x€l ; above 3 are consecutive positive integers, hence multiplication can never be a prime number

D-8. Sol. y= —2X + 1 XE(—ow0,-1)
3 x€[-1, 2) y>3 VxeR
2x-1 XE[2, )
D-9. Sol. -1<|x-2]-1<1
0 <|x-2|] <2
[x-2]>0 and [|x-2|<2
XER 0<x<4
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D-10. Ans. xe€[-5, 3/2]

-5 3/2 8
(—3x—-2) < (8 —x) 8—-x<8-—x 3x+2<3—-x 3x+2<x-8
xz=-5 xe[-5, 3/2] x=3/2 x =5
(reject) x = 3/2 (reject)
Sol.
D-11. Ans. x€[2,5] u{-1}
Sol. |[-x% + 4x + 5] + [x2 —x — 2| = |3x + 3]
la] + |b|=la+b]=ab>0
(X2 —4x —-5)(x2 —x-2) <0
(x+1)? (x-5)(x=2) <0
+ + - +
| | |
| | |
-1e 2 5
D-12. Sol. Case- | Case- Il
logex >0 log2x < 0
X =1 O<x<1
log2x > 2/3 —logzx > 2
2 1 (o,l}
x > 2° x< 4 xe \ 4

Section (E) :Trigonometric ratio and identities

4

E-1. Sol. tanA=3 = A — lllu quadrant
5sin 2A + 3 sinA + 4 cosA = 10 sinA cosA + 3 sinA + 4 cosA

sinA:f—4 5
5

cosf-\:_—3
5

3

=10 sinA cosA + 3sinA+4cosA=0

2sin80cos0—2sin66cos30  sin90 +sin76 —sin96 —sin30
E-2 Sol. 2cos20cos0-2sin30sin40 - cos30+cosO-cos0+cos70
2sin20cos 50
= 2c0s50¢cos20 5 20

T
E3  Sol. 0<g<d . LHS:\/2+\/2x2coszze=,/2+2|cosze|

I I
0<e< 4 => 0<20 < 2
cos20is+ve = 2|cos 6] = 2 cosB 6 € (0, m/4)

6|
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1—tan? [a; nj
- +cosgcot4a
1+ tan? (“_ ﬁj 2 9_0t
E-4. Sol. LHS = 4 sec 2
ol
o cos— cosda
_ —-sin—+ —=——
—cos| 277 |4+ cosZ cotda 9a 2 sin 4o 9a
_ 2 2 2 _ 2
sec = sec
, [cos4a cos % _sinda sing} 9o _ 1 Sa Sa
_sin 4a 2 sec 2 =SIN4¢ .06 2 sec 2 =cosec 4o = RHS
sin24°cos6°—sin6°cos 24° sin(24°—6°) sin18°
E-5.  Sol. sin21° c0s39°-sin39°cos21° _ sin(21°-39°) _ sin(-18°) 1
tan 25° 1
tan(180° — 25°)—tan(90°+25°)  ~@N et ope 1-x2
E-6. Sol. 1+ (tan(180° — 25°)tan(90° + 25°) _ 2 _ 2x
tan2A + tanA
E7. Sol. 3A=2A+A o  tan3A=tanA+A) o tan3A = 1~ tanzAtanA
= tan3A — tanA tan 2A tan3A = tan2A + tanA
= tan3A — tan2A — tanA = tanA tan2A tan 3A

50 2153
E8. Sol. ael? - 2¢l4 2

2 2
A o A o Y o .o o
Sin— + cos— sin——cos— sin— + cos — sin— —cos —
J1+sina _ J1-sina =\/( 2 2J _\/( 2 2] |2 2 2 2
o m™ T . o
sind +cos  sins4coss a (W fOFZEL' 2},5”12“3032}
= 2 2 _ 2 2 =2 Ccos 2
E-9. Sol. cos (540°- B) — sin (630°-0) =—cos 6 +cos B =0
1 1
E-10. Sol. 2= (2sin 12°.sin48° .sin 54°) = 2 [(cos 36° — cos 60°) sin 54°]
1 1
=2 [sin. 54° — 2 sin 54°]
; 2(\/§+1)2_(\/§+1} 1{5+1+2\/§_(\/§+1) ’ 4
:Z 16 4 :Z 8 4 :@ [6+2\/§_2\/§_2]:g
2sinx tanx(1—3tan? x)
E-11. Sol. sinx(3—4sin?x)  tanx(3 —tan? x)
2 cos® x —3sin®x 2 1-sin®x—-3sin*x  2+1-4sin’x
+ = + =1
3-4sin’x 3cos’x—sin’x 3—4sinx 3-3sin’x-sin’x = 3-4sin’x

7|
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E-12. Sol. LHS = sin2x + sin (y + z) sin(y — z) = sin2x + sin(y+z) sin(m — x) = sinx [sin(m — (y —z)) + sin(y + z)]
= sinx . 2 siny cos z = 2 sinx siny cosz

s
= e
E-13. Sol. LHS = 2sin (2 Cos(x—y)+2sinzcosz; x+y= 2
= 2cosz{cos(x—y)+cos(x+y)} (vz=—-(X+Y))

=2 C0S Z X 2C0SX COSY =4 C0OS X COS y COS Z

E-14. Sol. LHS = 2sin(A + B) cos(A-B) +2sin Ccos C (-A+B=-0C)
= 2sinC {- cos(A — B) + cos(A + B)} = 2sinC { 2 sinA sin (— B)} = — 4 sinA sinB sinC

E-15. Sol. LHS =sin 6 + sin (6 + ) + sin (8 +2¢) + ............ +sin(8 + (n -1) ¢)
. no
sin—- Sm[29+(n—1)¢J
sin9 2
= 2
b2
n (External angle of regular polygon)
. 29+(n71)2n
sin_(2n/n) . n
2 2
_ sin(n/n)  _ o
So LHS = sin =0 =RHS
E-16. Sol. By using Series formulae
H n
cosAcos2Acos2?Acos2’A.......... cos2™ A = Sin2 A
2"sin A
. 8n
sin—
7
2n 4 6n T 27 4n 23 g 1
—_— — — — —_— — .sin— —
LHS=cos 7 cos 7 cos 7 =—cos 7 cos 7 cos 7 =-— = 8 =RHS
L 3r St i n 2n
E-17. Sol. cos 19 +cos19 +cos19 +..... +cos 19 A:19,D:19,n:9
.(nDJ
sinf ——
2
sin—
wcos A + cos (A + D) + cos(A + 2D) + ... + cos (A + (n - 1)D) = 2
sin9><i £+1ﬁ sin%
19 19 19 19
[2A+(n—1)D) a > R EET)
f sin Sin
cos = 19 xcos - 19 Ans.

(27: ] (211: J
— + X |cos| ——X
E-18. Sol. Lety = cosx .cos 3 3

1 {—1+20032x}
—cosX| — =2

1 4n
—COS X| COS— + COS 2X
2 3 2

= y=

1 1
—[2cos2xcosx - cosx | —
4 = y= 4 [cos 3x + COS X — COSX]

8|
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1
y=4%4 cos 3x —1<cos3x<1
1 1
Ymin = — 4 and Ymax = 4

/[

E-19. Sol. y=cos2 (4 + (sinx — cosx)2 = cos2

'
—+X
y = 3 cos2 [4  0<cos20<1 = ymax=3.1=3 = ymin =0
E-20. Sol. COS2X + Secz2x + 3secax
>2+3
>5

Section (F) :Trigonometric equation and inequalities
F-1. Sol. Obvious

F-2. Sol. Sin X . tan 4xX = cos X = Sin X Sin 4X = c0S X cOos 4Xx
= cos 5x = 0 = five solutions.

F-3. Sol. sin 7x + sin4x+sinx=0 = 2sin4x cos 3x +sin4x =0
1 2
=>sindx=0orcos3x= 2 = 4x=nm or 3x=2nm+ 3
nmo2nm, 2r TR 2m 4n
—x= 4 379 -9 4299
F-4. Sol. sinx + sin5x = sin2x + sin4x = 2sin 3x cos 2x = 2 sin 3x cos X
= sin3x=0 or cos2x = cosx = 3X=nm or 2Xx=2nm
nm 2nn nm
X=— = X=—
= 3 2nm 3 3 5 (It includes all three possible)
3+/9+8  -3: 17
F5. Sol. cos20+3cosf=0=2c0s:0+3cosf—-1=0 =cosf= 4 = 4
3+17
As -1<cosf<1 cosg= 4 only
W17 -3
>0=2nm+ta where cosa= 4
o 3% Tn
F-6. Sol. tanf=-1 = 4" 4 in [0, 2n]

9|
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F-7.

Bl Exercise-2 |

(x+D(x=1)(e*-1)

10 |

1
cosO = \/E =4

common value is x = 4

Sol. tan X + tan (

0

_r
=

7n
4 in [0, 2m]

n

= tan3x=1 >

general solution is
(Reject)

nm TT

x=3 +12 nel

3tan 3x =3

nelL

<0
Sol. (x=1)
- +
' : : 1,0
10 =10
6x2—5x-3
Sol. X —2x+6 -4<0

denominator X2 —2x +
then 2X2+3x—-27<0

6>0

— 2
Sol. o +1 =

Nowa + ¢ =1, Buta+
so reject

and a+ =3 =

two real values

1
{122

Sol. y= \/6+\f6+\/6+...oo

y?=6+y=y=3
logz loge3 =1

Sol. loga625 =1 = 5%
a=>5, 25,625

=al

2x% + 3x— 27
N X —2x+6 <
vV XER @ D<0)
> (2x+9)(x—3)<0
E
= 0O<x< 4

= (4X2)min = 4(0) =0

w2—3a+1=0 = o=
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10.

11.

12.

13.

11|

Sol. xy =15; Xy :15=>y—x:2
y=5;x=3

c
Sol. b=a2,c=h2, @=33> c=27a=
= a=3,a>0

c=81,b=9

a+b+c=3+9+81=93
(log T)2 o logs 7 logs 7
Sol. ar = (a )
(log; 11" _ [}log; 1119711
b = (b ) _ 4909 T —qqosee _ 191

| 2512 | 2511091125 log125 _
gl ) :(Cog” 5) (\/11) _ oglevit

hence the sumis 343 + 121 +5 = 469

b2 =27a

= 279%7 — 27°%7T _7.-343

1 4
In(x + 2) —o
Sol. X -3x-4-.0> -2
| L (x=1)=
sol. %0z X120 x—1)
logo.2(Xx —1) > 2logo.2(x—1)
(x-1)<(x-1)?
=>X>2
Xx—1
Sol. Domain X+2 >0=x<-2o0rx>1

[x—‘l) (x—1J

Since loge10 > 1 = logz X+2)51 5 \X+2)5 5
X+5

= X+2<0=xE€ (-5 -2) = integers = {- 4,-3}

W

(-5,0) (-1,0)

Sol.
P=2
no. of values = 1

Sol. la] + |b|=la+b]=ab.>0
X(X+5)(x) (L-x)>0

X’(x+5) (x-1)<0

- -+

-2 0e 1
X € [-5,1] = {-5, -4,-3,-2,-1,0,1}

=

a4 =27a
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—» x-3 —0 <X < —1
fo)—»3x-1 -1<x<1
14.  sol —>x+3 1<x<w
maxat x=1f1)=2-2|]1-1|=2
15. Sol. X=2+]y|
[x+1]+y=5
[2+]y|+1|+y=5=>3+]|y|+y=5
y+lyl=2
y>0=>y=1; x=3
16. Sol. tan A<O and() A+B+C=180°
> A>90° = B+ C<090° = tan(B+C)>0
tan B+tanC
= 1-tanB tanC ., 1-tanBtanC>0 = tanBtan C <1
P bc
17. Sol. AC=2V2p o AD = P =tane
N AD+DC=2P = +Ptan6=2P
cos’ 0 +sin’ 0 1 T
_, 2sin® cosb _ .2 _ sin20= V2 o -8
(L&J 3
So. @=m— 2 8 - 0= 8
18. Sol. 2 cosx = V2+2sin2x =>\/5(:03,(:./1+Sinzx=|s;inx+cosx
COSX = 1(sin><+cosx) sin[x+nJ
= V2 = COSX = 4
see from graph or we can put values given in options to verify.
r
19. Ans. 3
SR
Sol. cotx= 2 +x;XxE€ 2

12 |
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I
let y=cotx&y= 2 +x

3 solutions.

20. Sol. €0s60 + cos 40 + c0s20 + 1 =0 = 2co0s46 cos26 + (1+ cos46) =0
= 2€0S460 c0s260 + 2c0s220 =0 = 2c0s20 (cos46 + cos20) =0

o=2n+1) = (2n+1) Z
= €0s260 (2c0s36 cosb) =0 = 2 4,

on+t) X
@n+1) 2

13|
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PART -1l : MISCELLANEOUS QUESTIONS

Section (A) : ASSERTION/REASONING

A-1 Ans. (1)

Sol. Since 0 < V13 -V12 <1 |oglo(\/ﬁfxfﬁ)<o
Since 0< V1413 <1 Iogo.l(\/ﬁ—m)>o

A-2 Ans. (1)
Sol. Statement-1: y =logus(xz — 4x + 5) is max.
when xz — 4x + 5 is min.
Letf(x) =x2—4x +5
= x=2)2+1
f(X)min =1
Ymax = |0g1/31 =0
Statement-1 is true

\y:logﬂx:0<a<1
&"

Statement-2: logax<0 forx>1,0<a<1
Statement-2 is true and
correct explanation for statement-1

Y

A-3.  Ans.(1)

y-axis

sin2 |-----5 il W
sin3 // \

T 3 :!\ X-axis
Sol. 7
A-4. Ans. (1)
Sol. If a & b are of same sign then |a + b| = |a| + |b| ab>0
x=2)(x-=7)>0 = Xx<2 or x>7

2X=9=xX-2)+(x=7)
Section (B) : MATCH THE COLUMN

B-1. Ans.  (A) ~ (p). (B) ~ (), (C) = (p), (D) — ()

B-2. Ans. (A)~ (p). (B) ~ (s), (C) ~ (1), (D) — (q)

Section (C) : ONE OR MORE THAN ONE OPTIONS CORRECT

log,135 log, 5
C1. Sol. N= 1093 _100.s3 _ (log; 27 +10g;5) (l0g,15) o0 1064 405

14 |
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(3+log, 5) (1+log, 5) loga5 loga(81 x 5)
(3 +1logs5) (1 +logs 5) —logs 5(4 + loga5) =3

3!

¢ lo

2 g2X
logax

C-2. Sol.
C-3. Sol. —0< X< -2 = f(x) =3
-2<x<1 f(x) = |2x + 1|
1<x<ow f(x) =3
y=3 y=3
-2°)
2
[E—SXJ (3—ﬂ+5xJ
C-4. Sol. cos 15x = sin 5x= cos 15x = cos 2 or cos 2
(E—SXJ (3—n+5xJ
15x = 2nm + \2 or 15x=2nm+ \ 2
L nro 3n
= x:10+40,nel, x:5+20,ne1
AL nwo 31
and x= 9 —20,nel andx:10—40,nel
+ L - L _ L +
_E Oe N3 (_m,_§i|
C-5.  Sol. 2 X € 21y (tn3,0) U {0}

PART -1: JEE (MAIN)/ AIEEE PROBLEMS (PREVIOUS YEARYS)

1. Sol. o is aroot of 25 cos20+5cos 6 —-12 =0.

25cos2a+5cosa—12=0

4 3 n
= cosa=-9, But 2 <a<m (IInd quadrant)
-4 3
»cosa ° =andsina= °
= sin2a =2sinacosa =—
2. Sol. lc| > va® +b?

15 |
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N c<— ,la2+b2 & c> ,‘a2+b2
But —Va'+b® < asinx+bcosx < va' +b’ ()

& asinx +bcosx=c (D)
from (i) & (ii)
no slution

Sol. y=sin20 + cosec: 0

= (sin 6 — cosec 0)2 + 2
= y>2, 6#0

e
Sol. sin(a+p)=1, > a+B=2 o 0]
1 s
sin(@—B)= 2 , -~  «-p=® (i)
on solving (i) & (ii) @) (ii)
T T
0z 3, g= 6
5 e
tan (o + 2B). tan (2a + B) = tan 3)tan\ 6
4
Sol. tang=-3 = 6 €lind or IVth quadrant
4 4
sing= 9 or -5
1—tan*15° J3

Sol. 1+tan*15° = s 300 = 2

Sol. sinz6 <1
Lyz <1
(x+y) = Xo+ Y2+ 2Xy — 4xy > 0
=> (x—y)>0
which is true for all real values of x & y
Ay
2
provided x +y #0, otherwise (x+y) will be meanigless.
Sol.  u= Va’cos?0+b?sin?0 . +a?sin®6+b?cos? 0

Uz =a2C0S2 0 + b2sin208 + a2 sin20 + b2cosz20 + 2 Ja? cos? 0 +b? sin 0 X Ja? sin? 0 +b? cos”
\/{az + (b2 -a° )s.in2 B} x {32 + (bz —-a? )(:052 6}

= U= (az+ b2 +2

(32 + bz) ‘o \/a“ +a’ (b2 —512)+(b2 —-a’ )2 sin? 0cos? 0

= Uz =

2 232
(az+b2) \/azb2+(b 2a J sin” 20
= uz = +2
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10.

11.

17 |

2
min(uz) = a2 + b2 + 2ab = (a+b)

2 2 2 2
and max(uz) = az + bz + (a +b ) =2 (a +b )
Now max(uz) — min(uz) = (a — b)2

21 27

Sol. sinoc+sin[3:—65 andc05a+cos[3:—65

squaring and adding, we get

Sinz a + sinzB + 2 sina sin B + cosz2 a + cosz2  + 2 cos a . cos fB
1170

(5 5]

= 2 +2cos (a—p) = 4225
a—BJ 1170 9

> coss ( 2 ) _ 4x4225_ 130

(Q—BJ -3 n (a—BJ 3n
s cos 2 )= V180 (p<cq-p<3n =2 <\ 2 <2

1
Sol. Ccos X +sin X = 2
1—tan®x/2 2tanx/2 1 X
. 1+tan®x/2  1+tan’x/2 = 2 |ettan 2 =t
1-t? 2t 1
148 4 148 22 S3p_4t_1=0
2+.7
.t= 3

x
as 0<x<m = 0<2<2
X
~tan 2 is positive
X 2+7
-'-t:tanE = 3
2tanx/2 2t
Now tan x = 1—tan’x/2 = 1-t?
2 (2+\/7J
3
2"‘\/?]2 _[4+ﬁ}
3 _ 3

1_(
= tanx=

Sol.  Given equationis 2 sin2x+5sinx—-3=0
= (2sinx—-1)(sinx+3)=0
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12.

13.

Sol.

14.

15.

18 |

>sinx=2 (. sinx#-3)

Y4

It is clear from figure that the curve intersect the line at four points in the given interval.
Hence, number of solutions are 4.

Sol. 2{cos(B-y)+cos(y—a)+cos(a—B)}+3=0
(cosa+cosB+cosy)+ (sina+sinB+siny)z2=0
cosa=0=)sina

Ans. (1)
3 5
_+_
4 12
tan(c + B) + tan(o — B) 3 5 (9+5M4 14 x 4
tan 2« = tan ((« + B) + (a— p)) = 1~ t@N(a+P)tan(a—B) = * 4 " 12 -48-15 - 33

Hence correct option is (1)

Sol. Q)

A = Sin2x + cOSax
= sinax + (1 — sinz x)2
= sinax — sin2x + 1

(sinzx—ij2 3
= 2) 4 4

3
=4 <A<1

Sol. Ans. (2)
3sinP+4cosQ=6 ()
4sinQ+3cosP=1 ()]

’
Squaring and adding (i) & (ii) we get sin (P + Q) = 2
R 5n

= P+Q= 6 or 6

@A

on
= R= 6 or
or
on d
fR= 6 then0<P,Q< 6
1
= cosQ<1andsinP<§

CAJ|0'I
w|®»



Fundamental of Mathematics - Il

MATHEMATICS
11
- 3sinP +4cosQ < 2
T
SoR= 6
16.  Sol. (2)
Given expression
SinA N sinA . cosA y
— CosA sinA —cosA sinA cosA -sinA
1 sin’ A —cos’ A sin” A +sinAcos A + cos” A
_ sinA—cosA | COosA sinA sinA cosA

17.

18.

Sol.

19.

Sol.

19 |

Sol. Ans. (2)

1
fic () =K (sin i + coswx)
l(sin4 X +cos* x)— 1(s,ins X +cos® x)
fa—"fe= 4 6
1

1
= 4 (1 - 2sinz2 x coszx) 6 (1 —3sin2x cos2x)
1 1 1

4 6 12
Ans. (2)
0<x<2m

COS X + C0S2X + c0S3X + cosdx =0
(cosx + cos4x) + (cos 2x + cos3x) =0
5x 3x 5x X

2cos 2 cos 2 +2cos 2 cos 2 =0

2 {2 cos xcos%}

2cos 2 =0
5 x

cos 2 =0 or cosx=0orcos 2 =0
(Z2n+ M) T

x= 9  orx=(2n+1) 2 orx=(2n+r
FEHE%EE}

155 "5 522

Number of solution is 7

Ans. (4)

(x275x+5)"2*4x’60 —1

Xx2-5x+5=1 X2+ 4x-60=0
X2—-5x+4=0 x=-10,x=6
X=1,x=4

= 1l+secAcosecA

X2—5x+5=-1
X2—-5x+6=0
XxX=2,3



Fundamental of Mathematics - Il

MATHEMATICS

x=1,2,4,6,-10
12. Ans.  (4)

Sol. 5(tan?x — cos?x) = 2cos2x + 9

2
tan? x 1 21 tanzx L9
5 ‘]+tan2x — 1+tan® x

5(tan*x + tan>x — 1) =2 — 2 tan®x + 9 + 9tan?x
Stan*x — 2tan®x — 16 = 0
5tan*x — 10tan?x + 8tan’x — 16 =0
5tan2x (tan?x — 2) + 8 (tan?x —2) =0
(5tan2x + 8) (tan?x—2) =0
tan?x= 2
1—
cos2x = 1+

I\J’I\)
(RYIN

7

cos4x =2c0s22x—1= 9

13. Ans.  (3) TRIGO.
N B
x/2
x |« C
x/2 0
v . P
A
Sol. 2x

1 1

tand= 2 , tana= 4, tanB=y
tana +tanp

tang = 1—tanatanp

1
1_ 4"
2 .y 1 I+4y
4 N 2= 4-y
4—-y=2+8y
27
g—y

PART - Il : JEE (ADVANCED) / IT-JEE PROBLEMS (PREVIOUS YEARYS)

1

1. Sol. 2 logax-1)=log:(x-3) = x-1=y_3
(Xx=1)=x2—-6x+9 = Xx2—7x+10=0
x=5x-2)=0 but () x #2

20 |
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Sol.

Sol.

21 |

T

0, J
taneTinee( 4 andO<tan06<1

°3)
cotf linB e 4) and cot®>1
Lettan 6 =1 —2A: and cot 6 =1 + A2 where A1 and Az are very small and positive, then
h:(1fuf*'b:(1fmy“?,b: m+hg*%,u:(1+xgmﬁ’
. tt>ts>ti>t
OR
03)
tan® 1in 0O € 4) ando<tan@ <1

] and cot 6 > 1 think only above and conculude result.

B3

c
cotOlinde

Ay

0 i 2n

2sin20 —5sin@ +2 >0
= (sin® —2)(2sind -1) >0
1
= sin@< 2 [.-1<sinB<T1)

0e [O, EJ u[@, ZTEJ
From graph, we get 6 6

Ans.  (A) = (p), (N, (s) ; B)=(@(s) ; ©)—=@ () ; (D)~ (p(M)(s)
x? -6x+5

Given f(x) = x* ~5x+6

X 6x+5
2
0) when 0<f(x)<1 then 0 < (x*-5x+6) _4
(x=5)(x=1) Xt -6x+5 L (x#1)
So (x=2)(x=3) 5 pand X" -5x+6 _1<0 _ (x-2)(x-3) -0
= X€(-1,1) U (5 0)

(i) when f(x) <0
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(x—=1)(x-5)
(x-2)(x-3) < g
= x€(1,2)U (3,5

(i) ) >0,x € (=0, 1) U (2, 3) U (5, )

(iv) fx)<1= >0

X € (-1, 2) U (3, )
(A) —1<x<1,f(x) satisfies p, g, s
(B) 1<x<2, f(x)satisfies g, s
© 3 <x <5, f(x) satisfies q, s
(D) x > 5, f(x) satisfies p, r, s

5. Ans. (C)

Sol. (2X)m2 = (3y)ma
= /n2 /n(2x) = /n3 /n(3y) =¢n3 ((n3 + (ny)  ......... 1)
a0 3imx = 2my
= /mx /3 =¢nyen2 L (2)

{{’nS . an2n3}

by (1) = /n2 (n(2x) = (N3 (/N3 + fny) = Mm2.n(2x) = /n3 n2

- (l’n22 - Pn23)

1
= n22 (N2x = /n23 (/N2 + {nx) (fn2x) =0 =>/m2x=0 = x= 2

6. Sol. n

Ans 4)
1 1 1 1
4 — 4———....... 4—— ¢ _
Let \/ W2\ 32 W2 oy 4- N2 (=t

= =

’ e 114x32x1202 417
t2+mt_4=033\/§t2+t_12\/§=0 = t= 2x3\/§ - 2x3\/§
16 -8 8 s
t:G\E, 6v2 = 32 , V2 and V2 s rejected

555%) . crop®) e ()
S0 6 + logse 32 32 = 6 + logs» 9 =6 + logae 3 /’=6-2=4

7.* Sol. (A, B, C)

3x = 4yt => X=(x-1)logs4 => X(1 — 2logs2) = — 2logs2
2log, 2
x = 2l0g;2-1 Ans. (A)

22 |
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_2
; _ _ _ 2-log,3
Again x10g23=(x-1)-2 =X (log23-2)= -2=x= 2
Ans. (B)
1 _ 1
1~ Tog,3 1-108.3
X = 2 Ans.(C)
8. Ans. 2
1
1 1-cos20 3 . 5(1+ cos 26) 2
— ; 5 —————+—-s8in20+ — .
Sol.  f(g) = Sin"0+3sinBcost +5cos™ 0 = 2 2 2 = 6+3sin20+4co0s20
2
f(e)max:675 =2
9. Ans. 3
Sol. tan® = cot 56
sin® cos 59 T T
= cosb = sin0 5 cosEA=0 = 60=(2n+1) 2 = e=(2n+1) 12 ; N €I
St _® m® = 5¢
= 0= 12,—41 12112,4,12 ......... (1)
sin26 = cos46
1
= sin26=1-2sin220 = 2sin220 + sin20—-1=0 = sin2e=-1, 2
I I T s
= 20=(4m—-1) 2 pru+(-1)p 6 > 0=(@4m-1) 4, +(-1)p 12;m, pel
T R or
N =_ 4,12 12 .., )
{_E L3 5_75}
From (1) & (2) (1) 0 (2) ge L 4 12 12
Number of solution is 3.
10. Ans. (D)
Sol. P={9:sin9—c039=\/§cose}
sinez(\/z+1)cose => tanez\/E+1: 6=nm+ ;nel
Q={0:sinB+cos 6= sin 6}
3r
cose=(\5—1)sine > tano==+1 = 0=nm+ 8 ;nel
P=Q
11. Ans. 8
S
Sol. 4 cos2 2 + COSa X + SiNa X + COSs X + SineX = 2

23 |
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s 1 3
= 4 cos:2x +1—2 sin2x + 1 —4 sin22x =2
= C0S22X = Sin22X
= tan22x = 1
n 3n 5 7n 9n 11x 13x 15
Now 2x € [0, 4] = x=8 8888 8 8 8
so number of solution
12 Ans. (C)
Sol. V3 secx + cosecx + 2 (tanx —cotx) =0 > V3 sinx + cosx + 2 (sin2x —cos?x ) =0

&
V3 Sinx + cosx —2cos2x =0 = sin 3/ = COS2X
cos (/3 —x) = cos2x = 2x =2nm + (1/3 — X)

2nmt =«

T
x= 9 9 or xz2nn—3.
—100°—-60°+ 20° +140°=0

13. Ans. (C)

sin[(3+k—"j—[5+(k—1)ﬁﬂ
i3 4 6) \4 6

ket sinﬁ(sin[Lk—“Jsin[E+(k—1)ED 23 [cot(" +(k-1)£]-cot[£+k—“n
Sol. 6 4" 6 4 6)) _ & 4 6 476

2{cot3—cot[ﬁ+ﬁn 2(1—cot(&D 2[1—cot(5—ﬂﬂ
- 4 4 6 )) 12)) 2 12)) 2 5 a-(2-"3y)) =2 (-1 +3)
:2(\/5_1)

24 |
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-Additional Problems For Self Practice (APSP)\

PART -1: PRACTICE TEST PAPER

1
1. Sol. p=2+ P = p2—2p-1=0 = p:1+x/§
Iog&_1(ﬁ+1)

2. Sol. Ify=logsb =2a>1 andb>1 theny>0
andIf 0<a<l1l andO<b<1theny >0

SIS
3. Sol. y = (Sinz2x + €0S2X)3— 3SiN2XC0S2X (Sin2X + C0S2X) = 4 sin2 2x,
x2+i2 x2+i2 x4+i4+2 x4+i4:2
4. Sol. X"+2=4 > X =2 = X =4> X
5. Sol. [x-3]+2=5 or [x-3]+2=-5
(reject)
[x=3| =3 = (x=3) ==%3 => x=0,6

tan(1 003)+ tan(125“)
1- tan(1003)tan (125”)

6. Sol.  tan(100s + 1250 =1 =

7. Sol. 2X2+5x+27>0 = XxeR

2x-1>0= x>1/2
logs(2x2+ 5x + 27) > loga (2x-1)
l0g2(2%2+ 5x + 27) > logz (2x-1)2
2X2+ 5X + 27 > 4x2 + 1 — 4X = 2X2 —9x—26 < 0
2X2+4x —13x—-26< 0
+ — +

L L
I

I
-2 13/2
Ans. xe{1, 2, 3, 4, 5, 6}

8. Sol. Let a=log2 ; b=log5
as + 3ab(atb) +bs =(a+hb)s=1

9. Sol. 2x =nm + x (0,3m)
Xx=nm = x={m, 2m}
10. Sol. Since t > 0,

x

2 <1< t+E
t t

25 |
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-1< t—g <1
t t—t+2>0 = (teR)
—t< - 2<t
t—t-2<0 and t+t—-2>0
t+1)(t-2)<0 t-1)(t+2)>0
te (-1,2) te(—o0, —2) U (1, )

Final Ans: te(1, 2)

11 25

11.  Sol. case -l x> 3 = 4x=25=>x= 4
case -l X <11/3
= 11-2x=14 = 2x = -3
19
= x=-3/2 Sum 4

12. Sol. case -l X< -5 —2x-3>12 = x <-15/2
case -l -5<x<2 7 >12 => XEQ
case -lll X>2

2x+3 >12 = x> 9/2
-15 9
X €| —0,— || =,
2 2
—1£3x+2£1

13. Sol. X+4

Ix+2 3x+271£O
x+4 +1>0 and X+4
Ax+6 2x -2
b <0
X+4 and X+4
+ — .+ +, — .+
T I T I
-4 -3/2 -4 1

14. Sol.

15. Sol. (x+4)(x+2) >0
(4] -2:%)
a=4;b=-2

26 |
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t+ 1 = 10
16.  Sol. Letlogx=t = t 3
1 3 1 1
t= 3 = |Ong =3, 3 = x =125, 5°
17. Sol. (Xx+1)2=1-x
X2+3x=0
X(x+3) =0
x=0 ; x==-3
(reject)
18. Sol. Qoxa > 4y
2Xx-1>x=>x>1
19. Sol. acose + bsind =4
asing — b cosb =3
Square and add : az + b2 =25
20. Sol. Si=Ss > 0+20+30=nmn
nm
g= 6
n T z
but 0# (2k +1) 2, (2k +1) 4, (2k +1) ©
on
21. Sol. In [0, 2m] only solution possible for such equations is 6
22. Sol. 5(sinx + cosx) + (sinx + cosx)2 =0
(sinx + cosx) (5 + sinx + cosx) =0 tanx = -1
\ /\
7 \
6 ; \/
23. Sol.
24, Sol. [cos(60 +10) cos(60—10) cos10] cos30°
cos’30" 3
4 16
25. sol. y = 3 + 15sinx + 20 cosx
LVa® +b? _ 1225+400 _ 455
yE[-22, 28]

27 |
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AP
26. sol.

X€E (00, —1] U {1} U[3, o0)
27.  Sol.

2

28. Sol.
3 3

0010027 :E l0g103 :E

29. Sol. Take log both side
(1+ logx) logx = 1+ logx
= logx = -1 or :k
30. Sol. Case-l x<2
(+ve) > (- ve)
True

Case-ll 2< x<8

squaring both side
8—X>x2—4x+4

X2—3Xx—-4<0
(x—4) (x+1) <0
XE [2,4]

Final : X€ (— «0,4]

b

2

l0g10004 = 3 log2 = 3a

logx =1

(2—-10g2) (2 + log2) + (log2). = 4

Practice Test (JEE-Main Pattern)

OBJECTIVE RESPONSE SHEET (ORS)

Que. 1 2 3 4 5 6 7 8 9 10
Ans.
Que. 11 12 13 14 15 16 17 18 19 20
Ans.
Que. 21 22 23 24 25 26 27 28 29 30
Ans.

28 |
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PART - Il : PRACTICE QUESTIONS

29 |

Sol. 18x —x2-77 >0 = (x-11) (x-7) <0 xg(7, 11)
logs {logs(18x — x> —=77)} >0
logs (18x —x2=77) > 1
18x —x2-80>0
(x-10) (x-8) <0 = xe€(8, 10)
domain x€(8, 10)

1 0
Sol. 3x2-10x+3=0 = x=3 , 3(reject) {as it will make 0 from}
[x=3|=1 => Xx=2,4
Sol. a+M=8 and aand M are twin prime

Case-| —1:M=5 a=3
logsN =3 +B = Ng[125, 625)

Case-2 —1l:M=3;a=5
logsN =a+pB = Ng[125, 729)

3n | 2cota + ,12 3 5
Sol. 4 <<, then sina - Jcosec?u+2cota = +cot® a+1+2cota

3n
4

_ J(1+cota)

<a<m =—(1+ cota)

Sol. ar+a2cos2x+assinex=0 = a1 +az(1l—-2sin2x) +as sinx =0

= (a1 +az2) +sinx (as—2a2) =0 isanidentity > air+a:=0& azs—2a:=0
a a3 a

=> -1=+1 = +2 . infinite triplets are possible

Sol. cosA cosB cosC = A (cos 3A + cos 3B + cos 3C)
= c0sA cosB cosC = A (4 cossA — 3 cosA + 4 cossB — 3 cosB + 4 cossC — 3 cos C)
= c0sA cosB cosC = A (4(coss A + coss B + cossC) — 3 x 0)
CosA +cosB +cosC=0= co0ssA + coss B + cossC = 3 cosA cosB cos C
1
= cosA cosB cosC = 12 A cosA cosB cosC = A=12

Sol. logsx? — 2log9 =7

x=1=1 or logsx? — 2logx9 = 7
4
x=2 2logax — 109X =7
]
logsx = 2,4

x= 37" (reject) ; 3¢
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8. Sol. Pn— Pn2 = C0Sn 6 + SiNn O — COSh-2 6 — SiNn-—20 = COSn20 (C0S20— 1) +Sinn-20 (Sin20 — 1)
= C0Sn20 (=Sin20) +SinNn-26 (— c0s20 ) = (—Sin2 6 c0s20) {coSn« 6 +Sinm46 }
= (—sin2 B c0S20) Pn-4
put n=4 = Ps—P2=(-sin2 0 cos20) Po = Ps=P2—2 sinz 6 cos:z0
=1 -2 sinz 6 cosz0
similarly we can prove the other result ao.

10. Sol. Let logioM =P
IXx-3|-P|=4
[x-3]|=P+4and P-4
(9) for 2 solutions 2, P+4>0and P-4<0

—-4<P<4
—4logM <4
10#< M < 104
(10) For 4 solutions : 4, P-4>0
P>4
logM >4
M > 104
(x—8)(2-x)
10
0, log, 5-1)
11. Sol. >0
For (x-8)(2-Xx) to be defined
() x-8)(2-x)>0
x-2)(x-8)<0 = 2<x<8
10 10
Now Letsayy=logos 7 (logz5—logz2) = logos 7 (logz5/2)
10
Let y<0 (assume) thenloges 7 (logz25/2) <0
10 7 5
= 7 log25/2>1 = logz 5/2 > 10 = 2 > 2410 which is true
So y<O0
so denominator is — ve and numerator is +ve, so inequality is not satisfied,
thus VX=8)(2-%) — ¢
x=2,8 .. ()
Now 2x-3>31
> (x—=3)>log231=> X > 3 + 1092249 (approx)
= X>7.9 = x=8
12. Sol. a 2a a’
soblfy, a—~1+a.—-2a-1=18
a=5 -4 a=5

30 |
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_3 3[p
Sol. 13 and 14 Given X*\/2+‘/§ + \/2 ‘/5
L X =(2+v8)+(2-B)+3.3(2+V5) (2-V5) (32+5 + ¥2-5)
3;‘
= Xs= 4+ 3.44-5 x = Xs = 4 — 3X
= X3+3x—4=0 = X2+ 3Xx=4
= xX-1) (x2+x+4)=0
(D<0)
Hence x=1
15. Sol. Minimum of function is obtained at mid values x = 5.

31 |



