HI EVERYONE,

THE REAL LEARNING IN MATHEMATICS HAPPENS WHEN YOU ACTIVELY ENGAGE WITH A PROBLEM,
EXPLORE DIFFERENT METHODS, AND WORK THROUGH CHALLENGES. THEREFORE, WE STRONGLY
ENCOURAGE YOU TO USE THIS SOLUTION KEY RESPONSIBLY.

PLEASE ATTEMPT ALL THE PROBLEMS ON YOUR OWN FIRST, GIVING THEM YOUR BEST AND MOST
HONEST EFFORT. THESE SOLUTIONS ARE TO HELP YOU GET UNSTUCK ON A PROBLEM AFTER YOU
HAVE ALREADY TRIED YOUR BEST.

YOUR EFFORT AND DEDICATION ARE THE TRUE KEYS TO SUCCESS.
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101. The principal solutions of the equation 2cosf 4 v/2 = 0 in the interval [0, 27] are:

M55 @) .5 )57 ) .5
Solution:
V2 1
20080 +vV2=0 = cosf = —~—— = ———.
2 V2
Cosine is negative in Quadrants II and III. The reference angle is 7 /4.
91 = T — % = us \
92 =m+ % - 54




The correct option is (4).

102. If log, p = x and log, p = v, find log p:

2y z Yy Tty
Solution:
. 1
Given logyp =12 = — =log, 2.
x
1
And logsp =y = — =log,3.
Y
Adding these two equations:
1 1
— + — =log,2 +log, 3 = log,(2 - 3) = log,, 6.
Ty
vre _ log, 6.
Ty
Taking the reciprocal to find loggp :
lo _
6P = log,6 x4y’
The correct option is (1).
103. If tanf = —/3 and 5 < 0 <, then the value of ¢ is:
1) F (2) ¥ (3) F (4) &*

Solution:

The interval (7/2, ) is Quadrant II.
In Quadrant II, tangent is negative, which matches the condition tanf = —v/3.
The reference angle for tan = v/3 is 7/3.

The angle in Quadrant II is § = 7 — (reference angle).

@:W—EZQ—W.

3 3
The correct option is (2).

104. The general solution of the equation cot 2z = /3 is (n € Z):
()r="0+F 2 r="5+5 (3) z=nm+ 35 (4) z=nm+%

Solution:

cot 2x = \/§ — tan2x =

Sl



7r
tan 2 — tan ().
an 2z = tan 5

The general solution is 2z = nm + %
nmTm
= T = o + 1
The correct option is (2).

105. If logs x = % then x is equal to:

(1) V5 (2) 52 (3)

Solution:

Sl
—
N
)
ot

The definition of a logarithm is logya = ¢ <= b° = a.

1
Applying this to log; x = 3"

x:51/2:\/5.

The correct option is (1).

106. The general value of @ satisfying cosec? § = % is (n € Z):
(1) nm+ % (2) 2nm £ % (3) nr£ 3% (4) 2nm £ %

Solution:

4 3
cosec? = 3 — sin?0 = T

sin? 0 = (?)2 = sin? (g) .

2

The general solution for sin?# = sin® a is = n7w + a.

— anﬂ'iz.

3
The correct option is (3).
107. logy 3 + log,y 2 — 2logy 5 =7
(1) 10g10(%) (2) 10%10(2%) (3) logy 10 (4) None

Solution:

= 108310(3 ) 2) - 108?10<52)
= log(6) — log;((25)

=lo (6>

The correct option is (2).



108. The general solution of sec50 = =2 is (n € Z):

(1) =27 21 2)0="r+ (3)=2m £ & (4) =" £21

Solution:

1
sechl = —2 = coshf = 5

27
cos bl = cos (> )
3

The general solution is 50 = 2nm £ 21
— 0= Znm 21.
) 15
The correct option is (1).
109. logs 20 + log; 22 — logs5 ™~ =?
(1) 3 (2) 4 (3) 5 (4) 6

Solution:

125 1
log; (20~ 1 ) — log; <5>

= log;(5-125) — (—1)
= log;(625) + 1

= log5(5%) + 1
=4+1=05.

The correct option is (3).

110. The sum of principal solutions of the equation sec?§ = 2 is:

Ok (2) % (3) 7 (4) 52
Solution:

1 1
sec’f =2 = cos’f=- = cosf=+——.
2 V2
We find all solutions in the interval [0, 27].
3T fl
5/ /4




3m 5w T
The solutions are Toom oo m

4747 47 4
T+ 3r+5r+ 7w 167
Sum = 1 = 1 = 4.

Note: The calculated sum is 47, which is not among the options.

Note: This question is Bonus

111. If log(3z — 1) — log(3x + 1) = log 16 then x =7
(1) 0 (2) 1 (3) 2 (4) None

Solution:

Let’s first analyze the equation as it is written:
log(3z — 1) —log(3z + 1) = log 16

-1
— log (3:10 > = log 16

3z +1
3z —1
=16
3r+1

3r —1=16(3z + 1) = 48z + 16

—17=45x = = = —17/45.

We must check if this solution is valid by testing the domain of the logarithms.
For log(3z — 1), we need 3z — 1 > 0.

Substituting © = —17/45, we get 3(—17/45) — 1= —17/15—1 < 0.

Since the argument is negative, this solution is invalid.

Ll

This indicates a likely typo in the question. A common variation is to have the terms reversed:
log(3z + 1) — log(3z — 1) = log 16

3 1
. 1Og< vt >:log16
3z —1
3r+1
=16
3r—1

— 32+ 1=16(3z — 1) = 48z — 16
— 17 =452 = x = 17/45.

Let’s check the domain for this potential solution x = 17/45 :

3r —1=3(17/45) - 1=17/15—-1=2/15> 0. (Valid)
3xr+1=17/154+1=32/15> 0. (Valid)

The solution x = 17/45 is mathematically valid for this modified equation.

Since this value is not listed in options (1), (2), or (3), the correct choice is "None”.

The correct option is (4).

112. If 0 < x < 27, the solutions of the equation 2sin?z + 7cosxz — 5 = 0 are:

1) 5.5 2) 5.5 357 @ 5.5



Solution:

2(1 — cos’z) + Tcosz —5 =0
2 —2cos’z + Tcosz —5 =0
2cos’x — Tcosz +3 =0
(2cosx — 1)(cosz — 3) = 0.
= cosx = 1/2 or cosx = 3 (impossible).

5
The solutions for cosz = 1/2 in [0, 27] are T and 27 — g = g
The correct option is (2).
113. The condition for log, b to be defined is:
(H)a>0,a#1,b>0 (2)a>0,b>0 (3) a#1 (4)b>0

Solution:
By definition, for the logarithm log, b to be a well-defined real number, the following conditions
must be met:

o The base, a, must be positive: a > 0.
o The base, a, cannot be equal to 1: a # 1.

e The argument, b, must be positive: b > 0.

The correct option is (1).

114. The number of solutions for the equation 2 cos? z — 5cosx + 2 = 0 in the interval [0, 47] is:
(1) 2 (2)3 (3) 4 (4) 6

Solution:

(2cosz — 1)(cosx —2) = 0.
— cosx = 1/2 or cosx = 2 (impossible).

We need to count the solutions for cosz = 1/2 in [0, 47]. This interval represents two full rotations.

T3

4

)

Lq



There are two solutions in [0, 27] and two more in [27, 47|, for a total of 4 solutions. The correct
option is (3).

115. If logs (22 — 1) = 2, then x equals:
(1) +6 (2) £/26 (3) £3 (4) £5

Solution:

logs(2? — 1) =2

— 2% —1=5%=25.
— 2% = 26.

— 1z = +v/26.

The correct option is (2).

116. The number of solutions of sin 2z + sin4x + sin 6z = 0 in the interval [0, 7] is:
(1) 3 (2) 5 (3) 6 (4) 7

Solution:

(sin 6z + sin 2z) 4 sindx = 0

2sin4x cos 2x + sindx = 0

sindx(2cos2z + 1) = 0.

Case 1: sinde =0 = 4o =nr = = =nn/4.

In [0, 7], solutions are 0,7/4,7/2,37/4,m. (5 solutions)

Case 2: cos2x = —1/2 = 2z =2n7+27/3 = z=nn+7/3.
In [0, 7], solutions are /3,27 /3. (2 solutions)

The distinct solutions are {0, 7/4,7/3,7/2,27/3,37/4,7}.

Total number of solutions is 7.

The correct option is (4).

117. Solution of logs(x + 1) = logy(2z — 1):
(1) 3 (2) 4 (3) 2 (4) 1

Solution:

Since the bases are the same, we can equate the arguments:
r+1=2x—-1

— r =2.
We must check that the arguments are positive for this value.
r+1=2+1=3>0.
2r—1=2(2)—1=3>0.



The solution is valid.

The correct option is (3).

118. The most general value of @ that satisfies the equation tan?6 — (v/3 4 1)tan ++/3 = 0 is (n € Z):
(1) nm+ 5 ,nm+ % (2) nTr£ 3 (3) nm+ §,nm+ 3 (4) nm £+ 7

Solution:

This is a quadratic equation in tan6.
tan260 — v/3tanf — tand + /3 =0
tan f(tanf — v/3) — 1(tanf — v/3) = 0
(tanf — 1)(tan 6 — v/3) = 0.

Case 1: tanf =1 — 9271%—1—%

Case 2: tanez\/g — 9:n7r+g.

The correct option is (3).

119. If log, b = m and log, a = n then mn =

(1) 0 (2) 1 (3)m+n (4) Undefined
Solution:
) 1
Using the change of base rule, log, a = :
log, b
We are given n = log, a and m = log, b.
1
So, n=—.
m

— mn = 1.

The correct option is (2).

120. The solution of the equation cosf + sin @ = v/2 in the interval (0, 27) is:

(1) 5 (2) (3) °F (4) %
Solution:

Divide by V12 4+ 12 = /2.

1 1
——cosf + —sinf = 1.

VRV

cos(f —m/4) = 1.

The general solution is  — 7/4 = 2n.
0 =2nm + 7 /4.



In the interval (0,27), the only solution is for n=0, which is § = Z

The correct option is (2).

121. The value of log; ; 1000 + log ; 0.0001 is:
(1) -2 (2) -10 (3) =3 (4) 3

Solution:

3 3
Part 1: logg g 1000 = log;o-2(10%) = —5 logyo 10 = —3.

—4
Part 2: logy; 0.0001 = log;o-:(1071) = — 1081910 = 4.

3 —3+8 5
Sum:—§—|—4: + =

2 2
The correct option is (4).

122. The number of values of x in [0, 57] satisfying the equation 2sin? x — 3sinz + 1 = 0 is:
(1) 4 (2) 5 (3) 6 (4) 9

Solution:

First, we factor the quadratic equation in sinx :
(2sinz — 1)(sinx — 1) = 0.

This gives two cases for the solution:
Case 1: sinz =1/2.

Case 2: sinz = 1.

0,2m, 47




123.

124.

Counting the solutions from the diagram:
For sinz = 1/2 (red points):

In [0, 27] : 2 solutions.

In [27,47] : 2 solutions.

In [47, 57 : 2 solutions.

Total for sinz = 1/2 : 6 solutions.

For sinx =1 (green points):
Solutions are at 7/2, 57/2, 971/2.

Total for sinxz = 1 : 3 solutions.

The total number of distinct solutions is 6 + 3 = 9.

The correct option is (4).

If the value of log, 16 + log, 64 is:
(1) 9 (2) 6 (3) 7

Solution:

logy(2*) +log,(4%)
—4(1) +3(1) =T.

The correct option is (3).

The general solution for the equation sinz — /3cosz = 1 is (n € Z):
(1) nm+(-1)"F — % (2) 2nm + 5 (3) nm+ (=1)"E + %

Solution:

1 1
Divide by 2: —sinx — — cosx = —.
2 2 2

. s oo 1
Sin £ cos — — cosx Sin — = —.
3 3 2

sin(x —7/3) = 1/2 = sin(w/6).
r—m/3 =nmr+ (—1)"n/6.

r=nm+ (—1)"% + g

The correct option is (3).

10

5T
(4) 2nm +



125.

126.

127.

(1) 8

Solution:

The correct option is (1).

(2) 9 (3) 12 (4) 16

10g511/2 (514)

4
= 1/72 10g51 51

=8-1=8.

The general solution of tan 20 = cot 30 is (n € Z):

(1) 5 +3

Solution:

The correct option is (3).

tan 20 = tan(mw/2 — 36).
20 =nmw+7/2 - 30.

If log, z 4+ log, 7 = 2.5 then x =7

(1) 7,49

Solution:

The correct option is (2).

50 = nm + /2.
0 = nj + 1
5 10
(2) V7 (3) 7,1 (4) none

1
Let y = log; x. Then log, 7 = = —.
log-x y

1 5
The equation becomes y + — = 2.5 = 5
)

2y° +2="5y — 2y* —5y+2=0.

2y —1)(y—2) =0

This gives y = 1/2 or y = 2.

Case 1: log,z=1/2 = z="TY*=/T.
Case 2: log;x =2 = x =T7°=49.
Option (2) lists one of the possible solutions.

128. The sum of all solutions of v/3sinz + cosx = 2 in the interval [0, 47] is:

) F

(2) 27 (3) == (4) 4

3

11

(2) n7 + 15 (8) 5+ (4) nr — 55



Solution:

3 1
Divide by 2: \é—sinx + icosx = 1.

cos(m/6) sin x + sin(7/6) cosx = 1.
sin(x + 7/6) = 1.
General solution is  + /6 = 2nm + 7/2 = x =2nw +7/3.
Solutions in [0, 47] :
n=0= z=mn/3.
n=1= z=2r+7/3="T1/3.
T T

g + sm
um = — = —.
373 73

The correct option is (1).

129. The value of logs(log,(log, 581)) is:
(1) -2 (2) -1 (3) 0 (4) 1

Solution:

Work from the inside out.

4
Step 1: log 581 =logg/2(3*) = 172 log; 3 = 8.

Step 2: log,(8) = log,(2*) = 3.
Step 3: log;(3) = 1.

The correct option is (4).

130. The number of integral values of 'k’ for which the equation 3 cosx —4sinz = k+1 has a solution is:
(1) 9 (2) 10 (3) 11 (4) 12

Solution:

The range of acosx + bsinz is [~V a2 + b2, Va2 + b2].

Range of 3cosx — 4sinx is [—\/32 + (—4)2, \/32 + (—4)?] = [-5,5].
For a solution to exist, £ + 1 must be in this range.
—-o0<k+1<5.

—6<k<A4.

The integer values for k are —6,—5,—4,—-3,—-2,—-1,0,1,2,3,4.

There are 11 integer values.

The correct option is (3).

12



131. If log,(2* — 1) + log;(2* — 7) = 1 then x =7

(1) 0

Solution:

(2) 1 (3) 2 (4) 3

Given the equation:
log;(2* — 1) +log,(2* —7) =1

Using the logarithm product rule, log, M + log, N = log,(MN) :
log,((2* =1)(2" = 7)) =1

Convert the logarithmic equation to its exponential form:
2 =1)2*=7) =1

(2 = 7(2°) = 1(2°) + 7 =7

(2°)> —=8(2") =0

Let y = 2”. The equation becomes a quadratic in ¥ :
P —8y=0

yly —8) =0

This gives two possible solutions for y : y = 0 or y = 8.

Substitute back 2% for y :
Case 1: 2% = (. This is not possible for any real value of z.
Case 2: 2" =8 = 2" =2 = 1 =3.

We must verify that z = 3 is valid in the original equation’s domain.
Argument 1: 2* —1=2%—-1=7>0. (Valid)
Argument 2: 2* —7=2"-7=1>0. (Valid)

The only valid solution is z = 3.

The correct option is (4).

132. The solution set for sinx + sin 5z = sin 3z in (0, 7) contains:

()32

T a7
37 374

Solution:

5% ®) 55 % @555

(sin bz +sinz) — sin 3z = 0.

2sin 3z cos 2z — sin 3z = 0.

sin3x(2cos2zx — 1) = 0.

Case 1: sin3z =0 = 3z =nm = x =nn/3.
In (0,7), solutions are 7/3,27/3.

13



Case 2: cos2x =1/2 = 2z =2nw+7/3 = x =nn+7r/6.
In (0,7), solutions are 7/6, 57/6.

The complete solution set is {w/6,7/3,27/3,57/6}.

The question asks which option is contained in the solution set.
Option (2) {m/6,57/6,7/3} is a subset of our solution set.

The correct option is (2).

a?

133. log(%) + log(%) + Zog(g) =7
(1) -2 (2)-1 (3) 0 (4) 1

Solution:

The correct option is (3).

134. The general solution of sinx — 2sin 2z + sin 3z = cosx — 2 cos 2x + cos 3z is (n € Z):
(1) 2nm, o + % (2) nm, 5 + % (3) o+ 5. 2nm + (4) 2nm

Solution:

(sin3z + sinz) — 2sin 2x = (cos 3z + cosx) — 2 cos 2x
2sin2x cosx — 2sin 2z = 2 cos 2z cosx — 2 cos 2z
2sin2z(cosz — 1) = 2cos 2z(cosx — 1)

(sin 2z — cos2zx)(cosz — 1) = 0.

Case 1: cosz =1 = z = 2nm.

Case 2: sin2x =cos2r = tan2rx =1 — o = % + g
The correct option is (1).
135. Which of the following is equal to log, b - log, ¢ - log,a?
(1)1 (2) 0 (3) log, a (4) log, ¢

Solution:

logx
logy

Using the change of base formula, log, x =

logb logc loga

loga logb logc
=1.

14



Note that options (1), (3), and (4) are all equal to 1, but (1) is the simplest representation.

The correct option is (1).

136. The general solution which satisfies both sin = ? and tan ) = —/3 is (n € Z):
(1) 2nm + % (2) 2nm + 3¢ (3) nm+ 3¢ (4) 2nmw — %

Solution:

sinf > 0 in Q1 and Q2.

tanf < 0 in Q2 and Q4.

The common quadrant is Q2.

The reference angle for sin = v/3/2 is /3.
The angle in Q2 is § =7 — /3 = 27/3.

The general solution is 6 = 2nmw + il

3
The correct option is (2).
137. If log, 3 = p and logs 5 = ¢ then log, 45 =
(1) 2p+4q (2) p+2q (3) 1+pq 4)p+a+1

Solution:

log, 45 = log,(9 - 5) = log,(3? - 5)

= log,(3?) +log, 5 = 2log, 3 + log, 5.
We are given log, 3 = p.

We need log, 5. Using change of base:
logs 5 q
logs 2 - 1/log, 3
Therefore, log, 45 = 2p + pq.

=q-logy 3 = pq.

10g2 5 -

Note: This question is Bonus

138. The value of sin(# + 7) if tan(7 sin ) = cot(m cos 0) is:

Ok @) (3) % (4) 305

2
Solution:

tan(7sin @) = tan(w/2 — wcos 0).
msinf = nm + /2 — wcosb.

sinf 4+ cos =n+1/2.
V2sin(f +7/4) =n +1/2.

15



n+1/2
7

For the value to be in [—1, 1], can be 0 or -1.

sin(f +7/4) =

The correct option is (4).

139. log (%) + log (

(1) -2

Solution:

1/2 1 —1/2 1
The possible values are \% = N and \/g = —2\/5.
) + log <%) =7
(2) -1 (3)0

Given the expression:

a? 2 b2
log| — | +log| — | +log | —
be ab ca

Using the logarithm product rule, log M + log N = log(MN) :

a? 2 b

B P .

©8 (bc ab ca)

Combine the terms inside the logarithm:
a’b?c?

= log ab?c?

Simplify the fraction:

= log(1)

The logarithm of 1 to any valid base is 0.
= 0.

The correct option is (3).

140. If 0 < z < 7, the number of solutions of gsin®w 4 geos’z — 4 jg.

(1) 0

Solution:

(2) 1 (3) 2

. 4
Let y = 450°%  Then y+-— =4
Y

Y —dy+d=0 = (y—2)’=0 = y=2.
4sin2122 — (22>sin230:21.
2sin*z =1 = sin’z = 1/2.

sinz = +£1/v/2.

16



In [0, 7], sin x is non-negative, so we take sinz = 1/v/2.

The solutions are © = /4 and x = 37 /4. There are 2 solutions.

The correct option is (3).

141. Solve for x: logigr = —2
(1) 0.01 (2) -2 (3) 100 (4) 0.1

Solution:

1
1 =92 = z=102%2=— =0.01.

The correct option is (1).

142. The equation tan @ + sec§ = /3 has how many solutions in the interval [0, 37]?
(1)1 (2) 2 (3)3 (4) 4
Solution:
The equation simplifies to cos(6 + 7/6) = 1/2, with the constraint that cos@ # 0. The general
solutions are 6 = 2nm 4+ 7/6 and 6 = 2nm — 7/2. We reject the second case as it makes cosf = 0.
So we only count solutions for § = 2n7 + 7/6 in [0, 37].
e n=0 = 0 =n/6. (In interval)
e n=1= 0=2r+m/6 =137/6. (In interval, since 13/6 ~ 2.17 < 3)

There are 2 solutions. The correct option is (2).

143. If logs[1 + logs(2* — 7)] = 1 then z =7
(1) 2 (2) 3 (3) 4 (4) 5

Solution:

1 +logy(2* —7) =3 =3.
log; (2" — 7) = 2.

2" —7=3"=9,

2" =16 = x =4,

The correct option is (3).

144. If sec40 — sec 20 = 2, then the general value of 0 is (n € Z):
(1) 2n+1)% (2) 2n +1)75 (3) 2n+1)% (4) 2n+1)35
Solution:
The equation simplifies to 2 cos 56 cos @ = 0. Since sec § must be defined, cos# # 0. Thus, we must
have cos 50 = 0.

™

56 = (2n +1)5

17



145.

146.

147.

148.

T
0=(2 1)—.
(2n + )10
The correct option is (2).
If log, x = 5 then x is:
(1) 5 (2) 10 (3) 25 (4) 32

Solution:

logy,r =5 = x =2°=32.

The correct option is (4).

The general value of  satisfying the equation v/3tan(f) = 1 is (n € Z):
(1) nm+ % (2) &+ 5 (3) nm + 5% (4) = - &

Solution:

tan() = 1/v/3 = tan(7/6).

0 = nm + 7/6.
0 =nm+
=nm+ —.
6
The correct option is (1).
logg 256 __9
logg 729
(1) 8/9 (2) 9/8 (3) 17/8 (4) None
Solution:

log, 2 1 28
Numerator: logg 256 = 08,256 _ logy(2°) _ §
log, 8 log,(23) 3

| log; 729 logy(3°) 6
D tor: log, 729 = = =57
enominator: logg log; 9 logs(32) 2
8/3 8

Fraction = — = —.
3

9

The correct option is (1).

The equation cosz + sinx = 5 has:

(1) No solution (2) One solution (3) Two solutions (4) Infinitely many so-
lutions

Solution:
The maximum value of cosz + sinz is V12 4+ 12 = /2 ~ 1.414. Since v/2 < 5, the expression on

18



149.

1

0.

the left can never equal 5. Thus, there is no solution.
The correct option is (1).

10g10(%) + 10%10(%) - 108}10(%) =7
(1) -4 (2)1

Solution:

(3) -3

12 25
=2 12-5 7
v () e (520

5.7

o I

6-5
= logy (21) = logy <3) = log,((10) = 1.

The correct option is (2).

810g2 1 =7
(1) 3 (2) 8 (3) 11

Solution:

glogs (111/%) _ (23>10g2(111/3)
— 93logy(111/3) _ glog, ((111/%)%)

= los21) — 77,

The correct option is (3).

19



