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

log,, A
1. Giventhat —— %0 7 _A_Z , what are A and B, in that order?

log,B B 3’

(A) 2.and 3 (B) 1 and § (€) (Zj and @J (D) @j and (éj (E) NOTA

|0910A 2 IogBA_g:>B3—A dézngzg,soweget
log,, B 3 3 3 3
2 1 3 3 2
B3=E:>B3=§:>B= 3 , and A:§:§§ = 3 , Soweget E.
3 2 2 3 3.2 2
2. Solvefor x: log,(log,(log, x))=0
(A) 216 (B) 125 (©) 36 (D) 243 (E) NOTA

log. (log,(log, X)) = 0= log, (log, X)=1=>log, x=3=> x=6° = 216, sowe get A.

3. Evauate: \/6+\/6+\/6+\/6+\/6+...

(A) 3and -2 (B) 3 (©) -2 (D) 6 (E) NOTA

Consider

:\/6+\/6+\/6+\/6+\/6+... :>x2:6+\/6+\/6+\/6+ 6+V6+... =6+X=
X2 —X-6=0=(x-3)(x+2)=0= x=30rx=-2,
but we can count out the negative case, since the sumis positive by inspection. So we get B.

4. Which of thefollowing isequal to i' ?
(A) €~ (B) € (C) e? (D) e'" (E) NOTA

Using e2:cos%+isin%=i,wegeti‘:(e2j —e? =¢ 7 whichisC.

Page 1



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

5. Solveforx: a*b*=c

Inc Inc Inc
A ——— B C) log, c D E) NOTA
A nacime ® In(a+b) (©) oG, ®) fnainb ®
axbx=c:>(ab)X:c:>In(ab)x:Inc:xln(ab):lnc:x:%zlogabc,since
Iogmleogyx,sowegetC.
log,, y
6. Solveforx: 21 +—Inx* —Zinx? =6
3 2 2
A) e B) € ©) 3° D) & (E) NOTA

3Inx:2Inx+2Inx—|nx:go$|nx+io4lnx—lo2Inx:glnx3+1Inx“—llnx2 6=
3 2 2 3 2 2

Inx=2= x=¢’
ThisgivesusD.

7. Solvefor x: 18X2+2x+4 _ (54\/§)x2+4
(A) 2 (B) 4 © 3 o R

T (N R CXE) M (V) § YT

2X° +4x+8=3x" +12= X* ~4x+4=0= (x-2) =0=> x=2
Which givesusA.
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. What is the product of the two solutions for x: —glogX a+glogax a+£logazx a=0

4

(A) a (B) ¥a? (©) a* (D) a3 (E) NOTA
Ind 1 1
log.d= = = , SO
Inc Inc  log,c
Ind
2 4 7 2 4 7
_ n n ,—=—-—log,a+—log,, a+—log , a=0=
3log, x 3log,ax 3log,a*x 3 3 3

_ 2log, axlog, a*x . 4log, xlog, a*x . Tlog, xlog, ax

3log, xlog, axlog, a’x  3log, xlog, axlog, a’x  3log, xlog, axlog, a’x

-2(1+log, X)(2+10g, x) +4(log, X)(2+lo0g, x) + 7(log, X)(1+log, X) =

—2(log, a+log, x)(log, a* +log, x) + 4(log, x)(log, a* +log, X) + 7(log, x)(log, a+log, X) =
—2log, axlog, a*x+4log, xlog, a’x+7log, xlog, ax=0=

—4-6log, x—2(log, x)* +8log, x+ 4(log, x)* + 7log, x+ 7(log, x)* =0=

-9+,81-4(9)(-4) -9+./81+144 —91L15:>

—4+9log, x+9(log, x)* =0=log, x= = _

18 18 18
9415 -9-15 9415 -18
x=a ® ,and,a ® ea ® =a®® =3
ThisgivesusC.

. 1f $52,000 isinvested at a 4% annual rate compounded continuously, how many years (to the
nearest year) will it take for it to triple?

(A) 31 (B) 32 (C) 19 (D) 27 (E) NOTA

52000e®* = m(t) , where m(t) is the money at time t(measured in years), so we must solve
the following equation: 52000e®" =3e52000= " =3= .04t =In3=>t= I?i? ~ 27years,
whichisD.
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10. Evaluate: 1 + 1 + 1
Iog[ 2) 144 log,144 log,,144
3
2 1 3
A) — B) = C) - D) 1 E) NOTA
(A) 3 ®) © () ()

Using the formula that we derived for 8, we get
1 1 1

+ +
Iogﬁ 144 log,144 log,,144

3

= Iogm%+logl443+log14412:—Iogl443+logl443+logl4412=%
Which givesus B
. N . 1 1 2
11. Which of the following is equivalent to: Eln(9)+ln(2)+§ln(8 )

(A) In(%} (B) In(167)+In(6)(C) %ln(llsz) (D) In(3)+In(8) (E) NOTA

1 1

%In(9)+ln(2)+%ln(82) =In92 +In83 +§In8: In3+%|n8+§ln8: In3+1n8, whichisD.

1
12. How many solutions are there to the following problem: x* x* = x*

(A) 0 (B) 1 (©) 2 (D) 3 (E) NOTA

1 1
- - . - l+7 o .
By inspection, x=1isasolution. If x * =x=*x* = x*, then since
1t « 1 5
x=1llog, X *=log, x* =1+—=x= X"-x-1=0,
X

which has solutions of

1+£/§ and 1_2\/3 . Thuswe get 3 solutions, which isD.

13. If you multiply together the solutions from problem 12, what do you get?

1++/5 1-+/5

(A) -2 B) -1 © > (D) — (E) NOTA

Multiplying the above answers givesyou 1le

1+\/§.1‘*/§:1‘5:—1,whichiss.
2 2 4
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14. A{ZVJ: B. Solvefor x with respect toy.

Ay

(A) ylog, A (B) ylogz(%j (©) Aytlog,B (D) Iogz(g

A{ZVJ:B:ZV:

15. Determine the sum of all solutionsto 3%%**? = x + 2.

j (E) NOTA

> |

X Y B B .
= ; =log, 2’ = |092(Z] = X= yIng(Kj , which isB.

(A) 2 (B) 1 (C) 0 (D) 3 (E) NOTA

399002 — x4 2 = xlog,(x+2) = log, 32 = |og,(x+2)= (x—1)log,(x+2)= 0=
x=1orlog,(x+2)=0= x+2=1=>x=-1
And thus the solutions sum to O, which is C.

16. Giventhat 0< x < 27, solvefor x; 33" = 1
(A) 37” (B) % ©) -7 (D) % (E) NOTA

3inx :%:>sinx=logg35‘nX :Iogséz—l, and with 0< x< 27, sinx=-1< x:3—”,which

iISA.
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17. Giventhat 0< x < 27, determine the sum of all values of x for which
In(sin x) - In(cosx) = 0.

™ = ® 2 © 2 (D) 37” (E) NOTA

In(tanx):In(ﬂj:In(sinx)—ln(cosx):0:>tanx=1, sowith 0< x < 27 , we get

COSX
5r \/E 5r

57 . )
, however we can ruleout x=——, since sSin| — |=———=co§ — | and we
4 4 2 4

x>
4’ 4
can't

X =
take the natural log of a negative number. Therefore, we are left with x= % , SOweget A.

18. What is the product of the solutions for x? (2Iog4 x"’g“)— (4log, x)+3=9

(A) 64 (B) 32 (€) -6 (D) 16 (E) NOTA

log, x
2log, X'°9*2 +3= 2Iog4x7+3= 2log, X% —2log, x* + 3= (2Iog4 x"’g“x)—(4log4 X)+3=9
= 2log, X*%*? =6= (log, x)* - 2log, x = (log, x— 2)log, x=log, X% ? =3=

2+4+12  2+4
2 2
Multiplying these together, we get 4° e 47 = 4* =16, whichisD.

(log, x)* - 2log, x—3=0= log, x= =3-1=x=4°4"

19. Which of the following isequal to 9° +9° +9° +9° +9° +9° +9° +9° + 9°?
(A) 32 (B) 3° (C) 3% (D) 3% (E) NOTA

9°+9°+9°+9°+9° +9°+9°+9° + 9° = 9(9°) = 9 = (32} = 3°, which s D.

Page 6



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

20. Solvefor x: 4% -16(2*f +64-4* =98

21.

22.

23.

24,

(A) 2 (B) 1 (©) % (D) % (E) NOTA

49-4" = (65-16)4* = 65(4")-16(2?)' = 630 4" ~16(2% )= 4* ~16(2* ] +64-4* =98=

. 98 . 1
4 :4—9:2:>Iog44 :Iog42:>x:log42=5
whichisC.

Solvefor x; Vx> —-5x+40=6

(A) 1 (B) 4and 1 (©) 5i2/7_6 (D) 3and 6 (E) NOTA
JX? —Bx+40 = 6= x* —5x+ 40 = 36 = x2—5x+4=o:x=5i”25_16=5§3=4,1
Thisgivesus B.

Solvefor x: log, x=1log, 27

(A) 3 (B) 9 (©) 3 (D) 3V3 (E) NOTA

= (log, X’ =3=>log, X = +/3=> x=3""°,

log, x=10g, 27 = log, x=3log, 3= 3
log, X
ThisgivesusE.

If a, b, and c arerational and 542 -50° -126° = 2160, evaluatea + b + c.
(A) 3 (B) 4 © 1 (D) 5 (E) NOTA

Using prime factorization, we have
23+b+c . 33a+2c . 52b . 70 — 33a . 23 i 52b . 2b . 20 . 32(: i 7(: — (33 . Z)a . (52 . 2)b . (2 32 . 7)0 —

542 .50P.126° =2160=2*-3%.5
0 a+b+c=4,whichisB.

In Problem 23, what is 3a+2c?
(A) 4 (B) 3 ©) 2 (D) 1 (E) NOTA

From the above factorization, we get 3a+ 2c =3, which isB.
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25. Which of the following is equivalent to log, 25+ log, X — I ?
0g; X
1 1
(A) (B) log, x—logs x(C) log, 5 (D) (E) NOTA
|0925X |ng5
Using the equality Iogcdzlnd: 1 = , We get
Inc Inc log,c
Ind
Iogx25+log5x—i:2Iogx5+log5x— 2 __2 +I095x—izlog5x:
log, X log, x logg X logg x log, 5

ThisgivesusD.

26. Which of the following is equivalent to (26‘36‘*2)372 ?

(D) 3222 (E) NOTA

62 2 D233 2 3a2—2a—42a2
CE=CE

(2a3a+2 )a—z _ 2a(a—2)3(a+2)(a—2) _ 3a2—42a2—2a ,whichisD.

C3n+2b2n—l

27. Which of the following isequivalent to ————-—"7
p2m3 (Cz )“+

Cn—3 Cn Cn C4+n
(A) o= (B) re=) © e (D) E (E) NOTA
3n+2},2n-1 n
cb = c3n2-2n-2p2n-1-2n-3 _ np—4 _ C_4 _whichisC.
b2n+3(02)”+ b
28. Evauate: 7"
(A) 5In49 (B) 7In2-|n5 (C) 5In7 (D) |n(e|r'l7|n(25)> (E) NOTA

In25 In49 Lo
7In(25) _ eIn7 _ eIn25|n7 _ e2In5|n7 _ eIn5|n49 _ eIn5 _ 5In49’ whichisA.
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29. If 2* =3 evaluate M+%.
(A)1—23 (B) 3745 ©) 9 (D) 7 (E) NOTA
X _ Q. oX X . x2_ L OX x )3 .22 _ 9. 3
Since 2 =3 24 32 & _2:@2f-32 (2f 23-33+3 _36_g
4 4 4 4 4 4
whichisC.

l0g;pm

XZ
30. Solvefor x; a'°®* =m

(A) 4log,a (B) am (©) log,, a (D) log, m (E) NOTA

x2 2 x2
2% —m°%™ = x*(log,, x)* = x*log,, alog,, a =log,, a* log,, a=log,, a°%* =

2 2
IoglO m|0910m = IOglO mloglO m= (I Oglo m)2 = X2 = (l Oglo m) = [Ioglo mj = (I oga m)z
(log,, a)* log,, @
= X==xlog, m
Which givesus E. It should also be noted that if a=1, then we cannot make the division.
However, if a=1, then if m=1 then all values of x will be solutions. However if m=1, then

there are no solutionsin this case.

31. Solvefor x: log,(2x+3)+log,(3x-1) =1

(A)%and—l (B)gand—z (C)Zand—é (D) 3and 2 (E) NOTA

Iog7(6x2 + 7x—3): log, ((2x+3)(3x—1))=log, (2x+3) +log, (3x-1) = 1=

— -|-,l — 7+
6X2 + TX—3=T7=> 65 + 7TX—10=0=> X = — = 1429+20: 71217:%_2

However, if we allow —2, then we are taking the log of a negative number, and thus we must

only consider g , giving UsE.
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3)(31—)(9)(
2

273"

32. Simplify:

(A) 9 (B) 3 (C) 3 (D) 9+~ (E) NOTA

3X31—X9X B 3X+1—X32X B 31+2x

3EX 32X

~ =3 =3'=3, whichisB.
277 3°

33. Consider the equation log,, (3x + 2)+ ﬁ =1, which is satisfied for two rational values
OQZX—l

of x. These two rational values can be expressed as % and % , Wwherea and b arerelatively

: . a_c. : : :
prime, asarecand d. If either b or q IS negative, treat a or ¢ as the negative quantity, not b

ord. Evduatea+b+c+d.

(A) 6 B) 7 ©) 8 D) 9 (E) NOTA
log,, ((3x+ 2)(2x—1)) = log,, (3x + 2)+ log,, (2x—1) = log,, (3x + 2)+;10 =1=
0g2x—1
6+ X— 2= (3x+ 22X —1)=10=> 6x + X—12= 0= x = _LEV1+288 117
12 12
4 3
32
a+b+c+d=4+3-3+2=6, whichisA.
34. If log,(4x+8)-log,(x) < 3, what values of x are possible.
(A) x>2 (B) x<3 €) x<2 (D) x>3 (E) NOTA

log, 4X+8=l092(4><+8)—|092(x)£3:> 4+§= 4X+8§ 2° =8:>§s4:>8s 4 =
X X

X X

X>2

Thisgivesus A. We knew that we could multiply by X, since we are taking the logarithm of
X

and we can only take logarithms of positive numbers.
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35. Which is of the following is equivalent to log, x°?

2log, x 3log, x
(A) 32 B) 6log,x  (C) 22 (D) 3log, x  (E) NOTA
3
log, x¢ =109 X" _3100; X\ icnisc.
log, 4 2

36. What is the sum of all the positive integral factors of 6307
(A) 900 (B) 1530 (C) 1242 (D) 1872 (E) NOTA

630=2-3-5-7, so the sum that we want is

257y 34255 3427 3+2) 3+5.7> " 3455 3+7> 3+ 3=
144%"" 3 =144(13)=1872

ThisgivesusD.

37.1f log,,5=4a,log,, 7=b, and log,, 2= c, what is log, 10+ log,; 2in terms of &, b, and c.

a+b+c? ac+b ac+b ab-c
A) —— B C D E) NOTA
A ac+bc (B) ab® © ab’c ) abc ®
2
log,10+10g,, 2= 1 Ic)9102=£+ ¢ _1,¢ _arbse , Whichis
log,2 log,35 c¢ log,,5+l0og,,7 ¢ a+b ac+bc
A.
4 _ g
38. Whichisequivalentto: —; 2 ?
r3_ g r3_g
(A) r?-¢° (B) s?+r7 (C) (D) (E) NOTA
r-s r+s
-4 4 2 2 2 o2
:_2_2_2=(r +rs‘2%rs‘2 S )=r2+sz,whichgivesusB.
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39. Evduate: 2_|_3
3+2
. i : —
A) -i B — Q)i D) — E) NOTA
(A) (B) 13 © D) 33 ®
. - i2 . _A_ 1
2-33-2 67 -131+6_-6-18+6_; \pchisc.
3+23-2 9i--4 -13
_ o _ b 1 1
40. Which of the following isequal to: log,| — |+ AN
Cc |Ogb(a ) Iogc(a)

(A) log, [a%)  (8) log,fb*) () log,[{/ac) (D) Iogc[@j (E) NOTA

log,b 4log, b
3 3

Iog(9j+ 1 + 1 =log,b-log, c+ 1 +log,c=log, b+
*\c) log,(@®)  log,(a) : °" 3log,a ¢ .

4
log, b® =log, 3b*
ThisgivesusB.
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