Mu Alpha Theta National Convention: Denver, 2001
L ogarithms and Exponents Topic Test Solutions — Theta Division

1) =27
so if we take the log (base 3) of both sides, we get:
2x-1=3
2X =4
x =2 ,whichisB.
2) Evaluate: log,16
asks: To what power do we take 2 to get 16. By inspection, thisis4, whichisA.

3) Which of the following is equivalent to :2—2 —log, 67?

log, 6 3log, 6

(A)O (B) ) (© 1 (D) — (E) NOTA

: . . _log.a
One of the common equality theorems about logarithmsis Iog—b =log, a, so
In6 log, 6 In6 L
—=—2-=lo0g, 6, and thus ——log, 6 =log, 6—10g, 6 =0, whichisA.
In2 log, 2 9 2 9 I J:

4
4) Which of the following is equivalent to (W )5 ?

(A) Vx B) —x ©) % (D) V2 (E) NOTA

3\s 3.2 3 1
4J =x*6 = x6 = x2 =+/x, whichisA.
5) Evaluate: log, 36 —10g,12

Use a common theorem for logarithms: log, b—log, ¢ =log, % , SO we get

log,36—-10g,12 = Iog3% =log,3=1, whichisB.

6) Evaluate: log, 81
3" =81, s0 log,81= 4, whichisC.
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7) Solvefor x: log,(log,(log, x)) =0

If log,(y)=0, then y=1, so (log,(log, x))=1, which meansthat since log,b=c=a° =b,
log, x=3, and thus x=2° =8, whichisB.

8) Solvefor x: Vx* +6x+9=4

4=+/x*+6x+9=,/(x+3)?, 50

+(x+3)=4, and thus

Xx+3=4=x=1, or —(x+3)=4= x+3=-4=x=-7, and
—7and1isB

9) Which of the following is equivalent to: %In(16)+ln(2)+%ln(82)?

5
log, e

(A) 4In2 (B) © In2*) (D) In16—In4 (E) NOTA

%In(16)+ In(2) +é|n(82) = In(16;]+ In(2) + In[(SZ);j = In(4)+In(2)+ |n(8§] _

2
|n{4°2°£83j]=In(8o22)=ln(32)=I09632—|09232— 5

~ log,e log,e
ThisisB.

10) Evaluate: 3% +3° +3°

3*+3° +3°=3(3%) = 3*, whichisA.

11) Evaluate: 1 + 2 1
log; 24 log; 24 log,s 24
IOgCa:Iogba,so X :Iogcc _log, ¢*,%0
log. b log.b log. b
We know that + 2 1 =log,, 3+log,, 5° —log,, 75= IOQZ‘{ﬁj
log,24 log, 24 log,, 24 75

=log,,1=0
ThisisD.
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37392
gx—l

273

12) Simplify:

(A) 3 (B) 27 (C) 81 (D) 32

32x317x9§ _ 32x+1—x(32)§ _ 3x+1(3x)_ 32x+1 ~ (32x XS) _i

24 _
a1 (33 )gx—l 323 323 (32x x3_3 ) T3 3" =81,

273 3
whichisC.
2
13) Which of the following is equivalent to log, xy* - —3 1
log, P

2

) 2|ogsxy (B) |ogz[xy3] ©) |ng(8yz+2§J(D) 6log, xy  (E) NOTA

By using the same trick used in problem 11, we quickly get that

2 2
— - 2
3 3 3
= =-log, x*, and
|Og ; _Iogxz %
2
2 2 1 12
o, = 992109 1o (7 -0, x'y
2
2 2 1 2 2 2
- 1 2 1 2 2 2
logg xy* 3 1= log, x3y3 —(—Iog2 X3J= Iog{[x?*wj(x?}]: Iogz(xy3j.
log, ~
95
ThisisB.
14) Simplify: 3/x™
1 1
(A) x* (B) —x° (C) —x2 (D) x2 (E) NOTA

10
¥x® =x5 =x*, whichisA. We have an odd powered root, so — x* does not work.
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15) If xand y are positive, then log, 2x=1log,, y =

(A) log, x (B) log,, y* (C)2 (D) 1 (E) NOTA
if log, 2x=1og,, y, then by the same trick asin problem 11, we get

log, 2x=log,, y= so (log, 2xf =1, and thus (log, 2x)=+1.
y | y y

_1
0g, 2X

y

Either of these solutions will work as 2x=y and 2x= 1 will both result with positive x and
y

y values. Thusthe answer will be E: 1 and -1.

16) Giventhat ./log, x =1log, 2, solve for x, where x > 0.

A) 1 (B) 2 © 4 (D)8 (E) NOTA
1 E

1/Iogzx:logx2=IO so (log, x)2 = (Jlog2 Xlog2 )=1, so0 log, x =1, and thus x=2,
g, X'

whichis B.

17) Solvefor z log,, 256 =2

(A) 25 (B) 5 (©) 2 (D) 8 (E) NOTA
log,, 256 = 2, s0 4z° =(2z)° = 256, and thus z* = 64.

Thus z=+8. But since we are taking the log base 2z, we may rule out the negative case,
giving us D.

18) Which of the following is equivalent to a™ ?

(A) a.blna (B) ealnb (C) In( Ina) (D) blna (E) NOTA

al™ — gl _ gmoiina) _ o™ _pina \yhich s D.

19) Solvefor x: 4 =8

2 5 3 5
(A) 3 (B) 3 © > (D) 2 (E) NOTA

4 -8 x:Iog48:§,whichisC.
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20) What choices of B and C, respectively, would make the following equalities true?
logC _C _3
logB B 2°

3\ 3\’ 2\* 2\ 3)* 3\’ 2\ 2\
o (3 ot 2o 0 2 {20 2] v

3 e
- 2~ 5 2
208 of 3 200y 2 (3] F
2 2 2
21) Evaluate: log,, 7 +10g,, 3
1 7
(A) log, 10 (B) > © Iog21§ (D) 1 (E) NOTA

log,, 7+10g,, 3=10g,,(7¢3)=1l0g,, 21=1, which is D.

22) If xisan integer suchthat x >1, which of the following is always less than or equal to
log, (x)

(A) xlog,x  (B) log, @J ©) ¥ (D) Iog);dx (E) NOTA

4log,4=4e2=8>log,24=log,4,so A isout, while 2* =4>1=1log, 2, so C isout, and

2 . x\* x\* .
=2>1=log, 2. SoD isout, too. lo — | <log,(X)= .|| =| <X, butif we
00,2 g, 92,/(2j g,(x) ,/[Zj

compare pair-wise the first g multiples of (g] and X!, then we can think about

{g : ng x—lj, .. (g X— gD} , S0 the second term is always greater than or equal to the

first, and thus 1/[;) <X for all integersx>1. Thuswe get B.
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23) Evaluate: log, 32 -10g, 16

4 1 3 5
(A) 3 ®) 3 © 5 ©) (E) NOTA

logy 32—-10gy16 = Iogsi—é =log; 2:%, since 2 isthe 3" root of 8, so we get B.

24) If log, x:g,what islog, y?

(A) 1 ®) = © 3 (D) log,2y  (E)NOTA
2 _jog x=108x_ 1 1 giog y=2 whichisC.
3 " log,y log.y log,y 2
log, X
, o : log, 12
25) Which of the following is equivalent to———?
log, 3

log, 12 1 1 1 144
A) —4— B +— C +1 D) log, — E) NOTA
( )l—logg4 ( )|0923 5 )|0923 (D) log. =5 ®
log,12 _log,4+log,3_ 1 +Iog43= 1 +Iog32= 1 +log, 2= 1 +£’
log, 3 log, 3 log,3 log,3 log,3 log,4 log,3 log,3 2

whichisB. Implicitly, twice we used the equality |09ab=| !

b

, obtained by the following

_ log b 1 1
rearrangement: log, b= = = :
log.a log.a log,a
log b

26) Solvefory: %Iog5 125=y

(A) 3 (B) 1 (©) 5 (D) 2 (E) NOTA

y=§|og5125=203= 2,whichisD.
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d
27) Which of the following is equivalent to aI c?

a Ina Ina a
(A) [InEJ ®) < © 9 (D) |n(ﬂj (E) NOTA
c a a c
aln; _ elnam% _ e(ln;jlna _ e(Ind—lnc)lna _ eInalnd—lnclna _ e'ﬂd'“a_mcma _ elnd'na zj hichisC
gna™ — ghe '
28) If x and y are positive, thenlogx—logy = Iogl =
X
(A) 0 (B) 1 (C) log, y (D) logy? (E) NOTA
X y ; : X_y 2 _\p2
log— =logx—logy =log—=, but log isaoneto one function, so — ==, so x“ =y~ but
y X y X

since both are positive, x=y. Thus logx—logy =logx—logx=0, whichisA.

29) Simplify:
) SImplity x
x* =
(A) F: (B) x® () x* (D) x° (E) NOTA

X

5 2 25 3

- =x B =x* whichisC.
¥x E

30) Solvefor x: log, 5+10g,125=4
(A) 25 (B) 2 (C) 4 (D) 5 (E) NOTA

4log, 5=1log, 5+3log, 5=log, 5+log, 5° =log, 5+l0og, 125=4 <> log, 5=1<> x=5" =5,
whichisD.
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31) Given that 18%* = (SM)X * solvefor x.

(A) 2 (B) {42} © 3 (D) {53} (E) NOTA

2

[(Sﬁ)z)x2+2x+4 =182 = (54«/§)X s ((3@)3)%” , SO we get

(3\/5)2X2+4X+8 = (3\/5)3X2+12 = 2X* +4x+8=3x"+12= X —4x+4=0=(x-2)" =0= x=2
Soweget A.

32) Solvefor x: log,(log,(log, X)) =1
(A) 81 (B) 27 (C) 64 (D) 192 (E) NOTA
log,(l0g,(log, X)) =1=>log,(log, X)= 2= log, x = 2> = 4=> x= 3" =81, which is A.
33) Solvefor x: 10¢%%0¢" = oo m10g,10
(A) £10cm (B) £4/log,, C (C) £log, m (D) £log,, c (E) NOTA
]_Ocloglocx2 _ mlog10 m+log,, 10 P Iogm(locmgmcxz j _ Iogm(mmgm m+|ogm10)<:>

log,,10+ x2log,, clog,, ¢ = log,, 10+l0g,, c* log, c=log, 10+log,, g’ —

(log,, m+1log,,10)log,, m=log,, m+log,, 10 < x*log,, clog,, ¢ = log,, m <

2 = log,, m _ logcm:(logc m)2c>x=ilogcm
log,,clog,,c log,,cC
ThisgivesusC.

34) x’ =y, and log, y=2z Solvefor x with respect to z

(A) 3% (B) 35 (C) 10© (D) 152 (E) NOTA

z

log,y=z=3=y=x" =x* = z=log, x* :leoggx:?,—zz:log3x:>33z = x, which

givesusA.
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35) If x> 0, which of the following is always less than (4 + x)*?

. 4
. 1
1. 4
V. 2

(A) 1,11, 111, & IV (B) I & 1V only

(C) 11 only (D) 1,11, & 111 only (E) NOTA

1< 2<4< 4 for dl x>0, so it is sufficient to show 1< (4+ x)* for al x>0, and 2> (4+ x)*

for some x>0, to show that itisC. But 1< (4+ x)* < 0=log,, 1<log,,, (4+ x)* = x, which
isgiven. Additionally, we have

2<(4+x) < log,., 2<log,,, (4+x) =x. Consider x=1. Then log,,, 2=log, 2<1=X,
so C isthe correct choice.

36) Giventhat x'¥ = x*, solve for y with respect to x.

(A) X (B) 1+x° ©) G] (D) X (E) NOTA

X® = x* = log, y =log, X**¥ = log, X" = x=>y = x", whichisD.

37) If a, b, and c are rational and 250°25°10° =10000, evaluate 3a+ 2b+cC.

(A) 3 (B) 4 ©) 1 (D) 5 (E) NOTA

gPas20iepace (52 o 21 f'5%°(5 0 2)° 250°25"10° = 10000 = 2*5*, s0 by unique
factorization, we get 3a+ 2b+c =4, whichisB.

38) What isthe sum of al the positive integral factors of 12807?
(A) 3293 (B) 2576 (C) 4346 (D) 3066 (E) NOTA

1280 = 275, so the sum we want is
37 2+ 25=2°-1+5(2° ~1)=6(2° ~1)= 6(511) = 3066, which is D.
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39) How many real roots does the equation x* =16e* have?
(A) 4 (B) 3 (C) 2 (D) 1 (E) NOTA

x* =16e* = (2e)' = x* =+(2e)’ = x* =(2ef’ < x=+2e, so there are 2 real roots, which is
C.

10) Evaluate: 1324132+ 132+ .

(A) 11 (B) 6 (©) 12 (D) %1 (E) NOTA

consider x= 132+ 132+ 132+ , then x? =132+ {132+ {132+ 132+ - =132+ X,

s0 (x—12)x+11)= x* — x—132 =0, but a negative solution does not make sense, so we get
asingle solution of 12, which is C.



