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Math 12 Honours: Section 5.1 Solving Exponential Functions

1. Solve for all values of “x”
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Z, Use Logarithms to solve 1or "xX:

a) 4™ =10

loga =15 Y= 4L
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3. Rewrite each of the following in logarithm form:
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4. Evaluate each of the following

without a calculator:

b)log, 128
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5. Simplify each of the following logarithms without using a calculator:
a)log, 24 +log, 9 b) log, 100 —log, 4 c)log, 8+log, 64 .
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6. Solve forall p055|ble values of “X” : ww
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Given the equation, m" = m”, how many cases are there such that the equation is true?
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Find all values of “X” such that: 6 (6")x = (6‘*) 6



| 10. Solve for all possible values of “x”: : 4x9* —-21=25%3"
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12. Suppose that P=2" and Q= 3” Which of the following is equal to 12™" for every pair of integers (m,n)?
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13. Solve the equation for “y” in terms of “x”. For hat values of “x “x” is there no value of “y” that satisfies the
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15.-Suppose “a”, “b”, “c” and “d” are positive integers, thenwhatis the smallest possiblevalue of a+b+c+d ?
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16. Given the equations below, find all the ordered triples of real values {a,b,c) that satisfy the them:
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Math 12 Honours: Section 5.2 What are Logs and Basic with Logarithm

log(AxB)=logA+logB log(éj =logd—logB log A" = nlogA log, b _ logh”
B loga
1. Rewrite each of the following in exponential form:
a) log,81=4 b)log, 2048 =b c) —log,a=13
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2. Evaluate each of the following without using a calculator:
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3. Expandand rewrite each e

xpression in terms of log A, log B, and or log C
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4. Express each of the following as a single logarithm

d) 2loga+5logh

b) 310gx+é—logy
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5. If log, 2 =x, simplify each logarithm in terms of “x

a) log,8 ‘ b) log, N2
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7. Use the fact that log, b =i—0—g"—b to simplify the following:
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9. If logx’y’ =25 and 1og£=3,then what is the value of logx?
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12. Sihplify the product completely:



. log(x*) =1 and log(x») =1. What s lég(:gz)?Arﬁé 2003 124
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15. How many distinct four-tuples (a,b,c,d) of rational numbers are there with:
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16. The numbers log(a3b7 ), log(asb12 ), log(agb”) are the first three terms of an arithmetic

~ sequence, and the 12" term of the sequence is log(b" ) what is the value of “n”? amc 12
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17. Two distinct numbers "a” and “b” are chosen randomly from the set {2,2%,2%,.....2%} . What is the

probability that log, b is an integer? AMC 12 modified
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Math 12 Honours: Section 5.3 Solving Logarithmic Equations with Identities

1. Solve for “x"

and state all the extraneous roots: Show your work

a) log(6-x)—2logx=0

X 50 b) log, x* —log,3x =3 X>0
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log, (2x+4)—log, (x—1)=3

log, & +1log,\/x—2 =1 +log%,(x—1)2/‘7’
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4. Determine all value(s) of “x” that satisfy the equation (find all the extraneous roots) [eucid]

10gs,.,o (** +6x+9)+1og (5% +24x+27)=4
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5. If log, x, (1+10g4 x) 10g8 4x are consecutive terms of a geometric sequence, determine the
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Challenge: Given the two equations, find the value of “n” 200 ame
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i0. Determine the number of ordered pairs (a,b) of integers such that log, b+610gb a=25, with
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Math 12 Honours Sectlon 5.4 Graphmg Exponential & Logarithmic Equations with Transformations

Name:

1. Foreach graph below, find the Y-intercept, X-intercept (if any), Domain and Range, and Asymptotes. Then
graph the function with the grid provided. Be sure to label the axis on your grid.

a)y=3(2)" -3 it 10, %) by =-05(3) +1 0wt 4 [0 05)
" - Xt (2,0) | Xt * {log3
1 OXER e
e k} ) R

and any intercepts. Be sure to label your axis on the graph:

2. Graph each of the following logarithmic functions. Indicate the Domain, Range, equations of Asymptotes,

y-tert{0,3)

a) y=log(2x— 3)+1 ¥ e, o) byy = log(4x—t|])—3
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3. Graph the following functions. Indicate the'domain and range:

é)‘ logy =2logx

b) 0.5log y = %og(x -2) ")t@(’l\l
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4. Given'that f(x) =log, (x +2)—4 ,find £ (x) , the inverse function of f(x)

5‘%5<5+1> ey

, “ $?//




5. What transformation is required to go from y=logx to y = Iog(l} ?
X

h= -y
W)

6. What transformation is required to go from y =log, x to y = log3 —7?

VR s by g, gy
/ )A‘:@rsm‘%""‘f";f -‘)/(5‘

o

7. Are the following graphs the same? Yes or NO? Explain:
a) y=4(0.5)" and y=4(2)" b) y=24(0.5)" and y=6(2)
i

\(€> 0 5 . 2—‘ \ = "’"i,-.%ﬁv )
o , o= 6lesY - L
X . Y
so 0. = 27 ' soung

8. Whatis the inverse function of f(x) = 3(5)'&2 ? What are the domain, range, x-intercepts, and Y-intércepts
ofboth f(x) and f™(x) ? What patterns do you notice?

NS s XX vy ot .
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9. Findthe coordmates of the pomts of intersection of the graphs: y =log,, (x 2) and y =1-log,, (x+1)
N ! - i A 0 :
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10. Determine all the points where the two functions intersect: y = log,, x* and y= (10g10 x) {Euclid)

ol S T - 2 Yy
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11. If lOg(cH—b) =x and log(a2 —ab+ b2) y , then what is the value of \]a +b3 in terms of “x” and “y”?

‘ ‘Y'fy @J(p\ il > .
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12, >0IVe tne Inegquaiy

a) log, (2x-3)>2 b) log, x> 5
s S b - e
. p
Y > ﬂ/@ QV'/VL 4 /7

7

13. What is the domain of the following functions:

20
i) )/:10%(»‘53(_19%5\55}) i) —10g05(10g5 (10g% x))
1 5 e
Ay Y O
/// ///
(14 Solve for “x”: 1 log, 16 =~ —log, 8 (eucid) O=¥b" . -
\i} Solve for “x": log, x —log, g— 0g. & (Euclid) e ) K@)q ‘
_ L9 RESASG Agp- 3
’13}3 T~ o R AT = S A

ZT 03 * . (tﬁ £ 5} VEF—H
9 Aou 2ot 1 = //
(/129:-3&- /:} x “ b _T’/(C’;M mz)

QO(}X) Z(Las'l) } __g ) % 1 "ML\‘? {,{{f = O
W ”)X% Nl G)qs( ’20)((1 - ’7\0) - O
(:15 ljfmc}/all the values ot” ” such that log,, (48\/— =log,. (162«/‘) (Euclid)a.=-3% 4= b

205 by 5" L (gt a}i 34)

oy 4legy - Tyl

4[‘,@21‘ 3%5 ) ;L;;i{ Gl
(&32 f["\) % : :} ”’3 ¥

v L’/Z\

by (19344

ey = Al 18
4\;92 059 14 al?(ﬂjf 4 }L}S\ { };f 3 ‘”\ :3: , 7{}‘:‘}[ }
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16. Determine all real numbers “x” for which: 2log, (x —1) =1-log, (x+2) (Euclid)
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( 17 Determine all pairs of angles (x,y) with 0° < x < 180° and 0°< y <180° that satlsfy the foHowmg
systems of equations: {Euclid)

logz‘(Sinch)Sy) :_?_ and ~ log, SN x :}_

\ 2 cos y 2

Sy Cosu '%{ |

) “ 2 | 51’£f\>< ) ':.L

| :J/:%@:ﬂ Wy * 2

\}’J: \(?: O/ .9 /‘Y | _ J’i

0\‘0 et **2; . [ |

o R
RES Gyt 3 Y 464;/ // )
h AR (ps, b0
N 0Yy=3 Y> éo/ﬁ; %5,%07 . (B, 00

VA, bk |

18. Determine all palrs (a,b) of real numbers that satisfy the followmg systems of equatsons Give your answer in
simplified exactd form: (Euclid)

\/c;+\/g=8 and

log,,a+log,,b=2
%‘] W G )

¢

’," oo [{“:) 0 T
4 - Al
Dy / (SIS
@A (;:? = a4k
. {5
W 2
- ' ”‘ . ( ! ‘?? [ N
‘ o 1) a6 v s, (N
19. Solve for x” log,, 3% =log,., 3™ (AIME) . LAyld e (s, )
‘ Gas 45 ’j‘i‘)»i ¢
20 . oo ceepm sl
)( T \<'"\ ™) ’

1oy b0 “ 1070

B/ 3 = ) i~
[o87450s 200 (Y8



Problem

The value of z that satisfies log,. 3°% = log,.ss 3°°*° can be written as —, where m and = are relatively
, ‘ n

prime positive integers. Find m - n.

Solution

Let log,yo 32° = logyess 32°%° = n. Based on the equation, we get (2%)™ = 3% and (27*%)" = 32020,
Expanding the second equation, we get 8" » 2% = 3%%0_gybstituting the first equation in, we get
8. 320 = 32020 50 8" = 32°%° Taking the 100th root, we get 8T8 == 3%% Therefore, (270 )" = 32° and

. 3
using the our first equation(2°™ = 3*%), we getx = Tog 2N the answeris 1103 | ~rayfish
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' Miath 12 Honours: section 5.5 Applications of Logarithms and Exponential Functions:

1. Suppose you invested $1000 at 5% compounded annually, how many years will it take your
investment to grow to i} $5000? li) $10,000 iii) $100,000

/&j 104 9 ! igc o (0 ' /@j . foo
- (”H '5344{/ 7?:] /;} )

2\[y// ‘/y

2. Calculate the number of years it would take an investment to double for each of the following:

o

i) 10% compounded semi-annually ‘ i) 10% compound d daily
7 - AR 2
(l’ro '> o )
/ 0.1 2 ‘
(OJ S e L L1
/V? 440 / />/
iii) 8% compounded weekly v) 8% compounded monthly

() Qg) (2t

Q;((l\c_g;g)”wx ”Z

(\ . }{ Y

/0 d-0 . HQ .“) O?
ﬂw Y T g (7 03
8 (ﬂ i /24/ B e //

3. In general, for “k%” interest, how many years does an investment take to double? Triple?

/ 9

/ L ]
L‘Z )} - '," FIO
ﬁ (L+ “for> ) ,-", ! m,,:fh “*7, 3

4. A5% mvestment/compounded daily is equwalent t6 what interest rate compounded annually?

41, e
i 5 Z///

Suppose you invest $5000 each year into an investment that gives a 10% return, how much will your
portfolio be after 25 years?

i

[teg) o (1)

b

BB ‘/,.i?j )
BLLM’ = 540908
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©. INE NAIT UTE OT SOAIUIM-£4 15 15.D NOUrs. SUPPOSE a NospItal buys a 1uumg sample ot sodium-24,
how much of the sample will be left after 72 hours? '

o
/’75 '
(00 wa\

%/

7. How long will it take a 100mg sample of sodium-24 to decompose to 1mg?

K

ff»

/pO f'“ L

e

%O{’f 5% ) = 102798 hes
8. lodine-129 is a dangerous substance in radxoa/ctlve waste with a half life of 16million years. How
Iong will it take 1,000g of londine-129 to decompose to 1g?

\.”\f

00

X f /! ¢ % v
-T(;w-} . /{; ‘{ f i.»oj,} .- Z(d:; fi%" 5 .
,L@Qi (Ji> = ‘ " "Xﬁig,ﬂaj “ 16(;3 T A /g/%ﬁ/

9. A500mg radioactive substance decomposed to 20mg in 25 years. What is the half life of the
~ radioactive substance? ' |

‘3,%?}1;4/

10. A large fossil with 25mg of carbon 14 was found that origiﬁally contained 3000mg of carbon 14. If
the half life of can:?on 14 is 5700 years, then how old is the fossil?

S ()7 = 25T () < 373
: [20

11. 5% of a substance decays in 100 days. What is the half life of the substance?
/ao

()

044 _ (9 J
(g, 145) 1334 4y,



12,

13.

14.

15.

16.

17.

A swarm of locusts can multiply in population by 5 times every 6 weeks. How long will it take a
cluster of 5000 locusts to grow to 1 million?

)
>

Bewol5) = Lasmo o (), 2 - 13007 des
' 9o )7 ‘ J/

The amount of intensityA of an earthquake is measured by the amount of ground motion recorded on
a seismograph. An increase in lunit magnitude on the Ritcher scale represents a 10 fold in intensity.

How many times more ‘intense’ is an earthquake of magnitude 9 than an earthquake of 5.5?

For each increase of 1 unit in magnitude, earthquakes are 32 times more powerful in the amount of
energy. An earthquake of magnitude of 1 has about 794,328J of energy. An earthquake of

magnitude 2 has about 25,118,864/ of energy. An earthquake of 2.5 magnitude has 141,253,754}

of energy. How many much energy is in an earthquake with an magnitude of 6.5?

’

-

) g
In 1976, an earthquake in ltaly released approximately 10" joules of energy. Wha@e magnitude
of that earthquake? 0

)32,3""( % o= ’%,A& { - Q’ 5/0(]/

The loudness of sound is measured in decibals (db). Every increase in 10db represents a 10 fold
increase in loudness. Going from 10db to 30db, an increase in 20db, is 10* times more loud. A
regular conversation is about 55dh. Listening to a Rock concert is about 110db. How many times

louder is the Rock concert than a normal conversation?

Il
: !

{0 -5 %
e —5 L LZZ/ \' T' (,.
L0ge 3ans

A soft whisperer speaks at about 30db. Getting in a yelling match with Cheong is about a thLusar{d
times louder. How many db would Cheong be shouting at?

/



18. In chemistry, the pH scale measures acidity or alkalinity ot a solution. pH ranges from U {acidicj to
14 (alkalinity), with 7 being neutral. For each increase in pH, there is a 10 fold increase in alkalinity. -
For each decrease in pH, there is a 10 fold increase in acidity. Tomato juice has a pH of 4.2 and
lemon juice is about 1.8 in pH. How much more acidic is lemon juice than tomato juice?

(#2-1.8)
[0

- 25{ ‘ ‘0; 1 e o {;(G{'ﬁ,v

19, A dlshwasher soap has a pH of 12.8. Baking soda is about 9.3 in pH. How much more alkaline is the

dishwater soap than ba king soda?

Qz-&" 4.4 1/
e _ guzw mes
Wiore (,‘-[//(1’4 lin_

20. The pH values of milk ranges from 6.4 to 7.6. Pure water has a pH value of 7.0. How much more

(7.0-6.9)

acidic is milk with a pH of 6.4 than pure waten ?

N
N
-5
o

-~

i

s

<

<

-

21. How much more alkaline is m:lk with a pH of 7.6 than pure water? ,’}

Q.6-10) | -
’ O - 3 ! %5] »[/"/3? c) M’L»Q i’ﬁ [ / / Y / l’ff‘//
22. The total amount of arable land in th-world is about 3.2x10°ka. An hectare of land is about 100m

by 100m. 0.4 ha of land is enough to grow food for one person. World population in 2021 is
7.874billion, growing at 1.1% annually. When will the demand for arable land exceed the supply -

available?
- 5 [ofl, . ,
4 - N /r\ s > /\/ oy / _
/Q//% ¥ ]\87“?/&‘@1 600 ,{ M % \},'; 10 [ 9 HO”) =
/I D[ b 5/‘} 4% Ve
o7 - //
23. If we are able to reduce the growth rate of the world population by 0.5 and i increase the
‘ productlwty of food production by 200%, then how long will we have until the demand for arable
land exceed supply? e
/ovr\r}* P(’,y' "
: oo = e - 4 Fall S /l'"}ﬁ
P U 2 18 [0 gov ¥ 0SS Tt il
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Math 12 Honours: section 5.6 Natural Logarithms and e

4

When should you use the formula A Pxe™ versusthe final equation: F =IxNt |

R V\ ¥ /r‘ aip iy 3{'0&:["1 . L> Cgff"i“;“o"‘“,“ f’/‘zc' J’(/
(»

e

0 Lopls “
) T i]"\ Pl vg*};/cl,y iy
G !m’f{' feved ) L) OLC/UW)
When a population is decreasing continuously at a rate of 3.5%, then what should the value of “r’be in

rosheuld  be ~D.035

él

the equation 4=Pxe" ?

What is the value of the irrational number “e”? How can it be derived?

3.
l'w ) i\"q’ o, L -0
S e A R A (R 110
oon SR '
4. Simplify each of the following into a single exponent:
4 ' 1-x J3x
Lb= S BT A () o It
e & , - € e’
d)e’e™ e) 3e” (1—6@’3“) f) 4’ (2—362")
6/ X , e
9 e n PR x-
3(L~‘8@" J)@ ’)26
5. Evaluate each of the following without using a calculator
a) " ‘ b)Ine’ ' | ©)-3Ine

Ho. Y, -7

250 ’Z{\, - ‘
g) 1n(1+e) G (gl i‘, h) et . ‘i) In3+2m4-1In48
e ' _ ‘ b
/ ‘ 5/ 57 U s,\{,’u’r{ ! »C\\ /‘\ k_ég - 0
6. Reduct the following to lowest term
~2 In?-#l‘r‘ln 2 1 —e
a) e !%_:; ) b) e—-ln(;) c) h1(3 e3)
£ ’é . =3 ) - & /fﬁ 7/ £ 5/1’)//?/
1/" ) 2 pln % 7
(NEY o g e) Ine*" f) ™ WY
d) In| — — 1 Ty o~ /
o[ Sl 2l 2y <7
S
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7. Solve for “x

) =4 ) ]le 11 C)ln(3x—2):4 )
. ;’(
Dys ln ,] RS
i b e, Zyv-1°¢€ Mo
, R A LS
X: Ty Ty /
d) In(e*)=6 e) & =4 f) Inx=In11+In6—In3
s 445
Ty L 70,
g) In(lnx)=4 h) e =4 In\/_ /yéu
lny = o o I (ln %) 2y
€ r @
i) ln(4x——l)= loglO k) ( ln4x)’ﬂ =4 ) Inx¢ =1
loge e
({["\(w\ z /h\ [Q "j? X PN /4
0 7 e,
4// ’ /
vl .
m) (i) —2B% 60 n) e =6, =1 o) (Inx)” +(Inx) =
: " loge o ﬂ,1 “aF \ o 2o 2e0
lwy= o a-f i-g-b 20 (m <1 )(a+?)
1o veal cof, . (a-> )] |
‘ : Y=y o X wdeF e o =
p) 2lnx=In(4x+5) q) ¢f+4/g-x=5 v e —12
\K?'w Lz}:{,f;zf{} . E e ij’!70\ \/(,%/ [ . /7/
() s SaddA0 L
) . \ 3
. (Q'.- —[L ‘/TGL E) /’27//
Vi e 4

8. Express: the following as a single logarsthm

a) %1nx+21n(6x+5)

(6x +5) (%)

by 4 79) K 2 /h()éjﬂ ;50“‘ i b/,)(

b) 31nx—1n

}]hx/'

2——17)’+]n x%) |

Bt
c) 4]nx+5]n(2—x)-—21n(1+x)
| v (20
Wy ——
o 5y

v

d) §Inx—3h1(x2—2x—8)
2t

{3

\——__,‘
(X -2, 9

)
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10.

11

The relationsip between the elasped time “t”, in hours, since Jack took his first does of medication, and
the amount of medication M(t), in mg, in his bloodstream is modelled by the following function below.

M (t) =30x&™*
) ~ How much medication will Jack have in his bloodstream after 3 hours?

30 ¢ €~04g0) = 2‘72%?.

i How many hours will it take for Jack to have lmg left in his bloodstream?
~0 é‘ -

50 e - A g,
A

P TNV %

— . .
The amount of money Dave has in his investment is given by the formula: 4 = Pe” . If He invests $5000
at 2.5% interest, compounded continueously, how long will it take to double his investment?.

o
-
\\f—b‘
o~

" ) g0z st s
4/@%) x e ~ //V/
e 22105y
oy a7
A radio-active substance has a half life of 2500 years. What is the equation for the amount of this
substance after “t” years in the formof 4= Pe" ? : Xﬂ X \, ‘o)
~ . \ U}t
- YEMRY

2

Ry TGN ; (e ) 0.
(ﬁb(/\(f\ﬂo(\: A"Q'QJM R / /l ~ ¥ {75’30> | \ ? .

12.

13,

> e
/ | J_M 2’50)"5 v

7500 Y oSy

TD bank offers an GIC that gives annual interest of 1.5% compounded monthly. What is the equivalent
interest rate if the interest is compounded continuously?

Pt

' ('( p 4,5?;_}??5) N

iz
. 0
SN (PR A eear) o 0097y
e “u [qaq - /
Each year, Jason’s parents contributes $2500 into his RESP account, then govt will match it with $500.
Suppose the RESP is invested in a fund that gives 8% return annually, compounded contmuously,
starting when Jason was born, how much will he have in the account when he turns 187







9. The relationsip between the elasped time “t”, in hours, since Jack took his first does of medication, and
the amount of medication M(t), in mg, in his bloodstream is modelled by



14. When p = Zklnk the number e isan mteger What is the largest poweron’chat is a factor of
k=1 .
e” ? AMC 128 fy\ k

1 . .
! 7 g : -
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15. Challenge: What is the value of ®

NIny Inx
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16. Evaluate: y T, given Eulersbeautlfuiresultthat 1+?+3_+ Lt
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1. Suppose you are given the following solutions to the equation below, which of the solutions-are
extraneous? Explain:

iViath 12 Honours: Section 5.7 Solving Systems with Logarithms

Alog(x+3)+ Blog(y+2)=12 vy ,ov o ade et
g(x+3) : g(y+2) solutions: (4,5), (12,18), (L,4), (4.3)
Clog(x—2)—-Dlog(y—4)=-2 v -
L
the dewdn 15 X7 1 )g\m}\ ;—emg@ (B DA
> 2. Solve the following systems of equations:
;<: ’D ’5;‘8 3x+4y+52——29 ‘ % [{ >/LD ;Fl '_)"1 i :z . {$ 1 % )g’él“; %[‘L,
- Eﬁ 8x—2y+20z=26 )= |¢ -L Pxl b - N ?( 2 \‘," D, 87 =
2 / 3x+2y+6z 14 R S A H - l L B
15 - % L B e L T Sl 3*'“’”‘#‘"{' bl . ﬁ“‘% fh-
7(\/ oty PPy = - ~ 100
?7/ . % 3. Given the following systems of equations, for what values of “C” will there be an infinite number of
y - %;\ _, solutions? Explain. For what value(s) of “C” will there be 1 solution OR No solutions. Explain:
3x+4y=12 3 (=4 jpfuite 4 1 obitieny becatse 10 will be ol Sxity=le % vilva o
6x+8y=C ¥ Yo “ have Tlwife o i tan) ; )
x: & 2‘% there poeadd fo only NO solwlon bt ol [ ouniqut sefutren
Sy = (%\e m77/ wu it T (Hw wv“ S
4. Given that the systems of equatlons have one solution, what are the values of “B” and “C”:
2x+5y=12 e 5

iz J -z

&

Tx+By+C=0 I \1
o ) C c& //

5. Given each systems of equatlon, find all sets of real numbers (x,y) that satisfies it:

log, x+log, y =9 e 9 Slog, x+6log, y=14 " yé= 12" 5 _;z 3
{ ) P/ - — ,¢ b
log4x+4log2 y=22 XLj:? ;"’r/_/wlw 4log, x~3log, y=6 ﬂ,\r;‘__ 56 ’ Wb’y
l:)7: {)'é\)' Y >"f :,(1'_})6 ¥ ‘0‘75 ' B
921y xer! o) oy'e s e
Ly .\“2// y G "ﬂ)wg.gy e s ;‘]‘ﬁ{
i s o fA b :’L‘{ ' ‘j T e \;
_ 4o 3tepd’ fog3 log6 ' :
log, 4+1log, /3 =5 C /7:{;1 4 ’,';(W)) UL (3x)™ =(6y)™ Joy x [o:){ﬂ - /@ 0 Uj 5
19gx/8-10gy9=13 : 610gx :3log) /\06 \ b ‘
, 0) 3 {m,:??’ . 2‘!',"3;"‘,;“ (7 ) = LL?/(J”,LP # %/\
g(gﬂl Uy 3 %9% )J“ 1Y /oq} 'lo’j{g ‘
o‘j‘;('fﬁ‘“i{ j X:Z]l(, (/‘;S{o{c .
19 A log 8 = A4 5t (ke leyd Lt fogt )
Al .37, 34 3 * b
(& 4 U f = E’ B . { ( \ "‘.
MR jw v (["3} )Uﬁ() (["’59 {(09")(1(7“}{'“\‘)
v ) O<f @oa? § ’?!@:‘ Jl ! -
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4 2 ,
log, 4x—log, y:% 28y" =x +3, LR, e
log y*=log , x L
410g4(4x—)') = 10g 16 g.\‘ Jj 2 gy o :;, - ,,3:1 _,,:‘ix'( . -
: (e ) = g0 - Ao
—ﬂ: “0 4 s .. _V_E‘,A
’ fogs < Foov 1y
bey =4 o
=} v o oy 2
hethy . B /
|9ne™ V‘\k:, (/6 :'/ =
-} ' ,// t//
logx—log3y =1 - Solve the following system of equation:
3 =27 logx®+logy* =11 and logx? ~log 1* =3 cuia200s
EL e : S
30‘3 5 Dz } éG{‘i‘f\O I
X =3 T ba -4y =1
)" a% v ,// [5% 12
¥ é) = | LA E
- X g
/371y
. 1 3 +1 2 =11
6. Solve the system of equations: 08x TRy [Euclid]
logx* ~logy* =
%f (5?_¢7, Y e IO |
o ’y

equations [Euclid]: v_ g
Xxyz ~

log, x+log, y+log,z=2
X y'2® 16

log,; x+log, y+log, z=1

. Determine all the triples (x,y,z) of real numbers that are solutions to the following system of

log x+log,s y+log, . z=0 x4z © |
aq ¢
lf & i B {
x'yz = |
Wz =L
42!
7 - .,~{& ~;:"'
We L
AT
¥ oo
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8.) Determine all real solutions to the system of equations and prove that there are no more solutions
- Euclid 2008

3(\ (Xf U\’\ WL!OO “300“\[%\)(9(\/ “ z (
xtlog(x) +{ =y
y+log(y-1)=z-1 =
( +2

=z
=X

(j\/f e \
b i g ).
Z+log z-2) \[ ‘ N s//\ : A
{ N | ‘\ . ‘/ﬂ/ Mi)‘“}. . 'ch"'«} ({9’7 /: 0
}-&/{{-‘Df\l( |M ( /) F] 7 Q) \X 1 O) v Io(,} (\/ + ;06 s > - \) .Y &4 //\\I’sz‘ '\:ggi}}d - Q*.
_ : = |
koﬂj\/f ot O 1 (00) (0\ 1 [Oj @) - \W - Y=L
oy ax £ laglabgo- =) . 72"
9. Determine all real values of “x” for which the equation is true: [Euclid] Wevles | _ //
108,y X +log, y=4 & logY 225~log, 64 =1 , K/‘q /B % . ;l =
; (. P . . ¥ 2
fogx g o e gt | Behan
o 3 Iae] 1o \-’}:’ \ T ol (0 /_\' 4 {:'{
iut Nov o [Oi‘?) \,: Gjonzn 0 i 75» : "f}_rj ,((,(5) N . B - Ro[4]%
oy P [ ; { { D Ry } ¢ 31 1+5 % I
A R A iy (08 e ) g aaten
[OC) Yoo a4y 210 S B . | / 4o = 4p-p7
L SL\‘)% NS ERNE Yoo g S 4. Q[ o .(/ P 4. n
o F 205 g : = bt / I
7)@]?\'./ ! 2 ) ) ) LZB ) éfy / /{ - 6r+J73;(5 -
10. \/logz x-log, (4x)+1 +\/log2x logz( )+9 4  Solve the following system of equations: Note ~ 7 **
There are two solutions AMC 2002 |
| A2 SO
. N \ S Vo (1 oL @l" 1t y
O%X. (lm] el W) 3 'y '7 0" - 5
2 I
\L/ Qa + 24 4 A T
R 2
N et Yz “ 7 . { Cl i 's\
i ' (0\ €(> ol L A ’n - \
?6 “% PR s L(_ [%v > - /04/«2_)’}, %
AD I A 2L
0y <y X > 2/ L 3/
S ={(x.»)| Iog(l~1—x2 +y2) <1+log(x+y)}
11. Let: ' . What is the ratio of the area of S, to the area
S, = {(x,y)]log(ZwLx2 +y2)s 2+log(x+y)}
of Sl 7 2006 amC 124
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12. Consider the followmg system of equations, solve the&ystem, (a, b c) (

(10g£c)(1ogy) 3log5y—log8x =4 Els ]>& o {a) /% ey "
(1ogy)(1ogz) 4log5y—logléz=b4 , bf/\ o (' QL\O ) = 24 -1
24 141
(1ogz)(1ogx) 4log8x—3log625z =g elg LW//, <
N i
\7’“3 ‘0654‘10 Y, : 3‘
a ( ! ) Q §+40 { . g - A ‘“0} f&“G\U’Lb U-,;\
ab - Yegh -3l | ;wg—cx .- |2lx0b-t
- ) o B & b LA “Qb ,{C,( +hh (7
al, - eclsod -9 @ AR S pe %V (11 4
(b -0) = fotf L 0 2y 4
10 o P oty - fie N8 § ( Z"\" - ivﬁ"{ 1 L
_ 4—\9 to ‘1) 260 7=10 . L e 7 )
- [ ) } be-4b -¢ = ' LA lo e -\ [w s
()’« | (, rl)z,[) \ Al - éef‘ *%c T (7 fa= 2) 0\ l( s IODb{) 0) 30 "

i W= {1 W7 f"”
b) Determine all triples (a,b,c) of real numbers for which the system of equatlons has an mfml’{e number of
solutions (x,y,z) ’ - . _ 5 0=

eguptions of '

mb»o%b/ﬁz@a alb-l)= o
b b a5l A9 (b} = Bagh

— )
LR VR e ;
o A c(ad)-4o-6=1

"(7

c
- 13. Let “s” be the set of ordered triples (x,y,z) of real numbers for which:

i g be 050 b= o= A"

log(x+y)=z and log(x +y) z+1.

There are real numbers ‘a” and “b” such that for all ordered triples (x,y,2) in “S” have
2+ =ax10” +bx10%. Whatis the Value of a+b? acasizs

) ‘ _‘5‘ o \ -;‘f EN ) . 'Z—. ..
/{» '/f’(/"/ 2 o g8 fo- & = 7/ A Vj? k = X4 2){3,} \ﬂ‘f

5 - e
3 N 2 ".} N A%
i (k ) * b UQ } 4 "4 (‘HW‘&% VRN I v )
i X (Rt
[ O ¢ ‘ ~ I
AL RY s L L) 7 22 % ¢
T R L i -
SRR N 20 G

i LI 2 !
— ) [N i 4
= o+ a0¢ LR N
S - 5 e LA
) i
[
7 H ¢
SR
o0 1y .
I /z} ;
s -t
N -
/(/I
A
I
3
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Logarithms

JV Practice 10/6/19
Elizabeth Chang-Davidson

1 Useful Formulas

o Definition: If a® = b, then z = log,(b).
e Convention: log is base 10, In is base e, though sometimes this is broken.

e Multiplication: log,(zy) = loga(.:z:) +log, (y)

]

Division:! loga(g) = log,(z) — log,(y)

Exponentiation: log,(2¥) = ylog,(x)

Change of Base: log,(z) = ﬁ%&% (key to remembering: the base goes on the bottom)

=]

@

Fun identity (follows from Change of Base): log,(b) = logb( e @

5 2 ‘
X\ :)\/ Y .

2  Warmup ug”zx )[yc)(bjaz}f, /M,‘.}‘t >
(-‘\ DA ) “j /

1. (2003 AMC 12B Problem 17) If log(zy®) = 1 and log(z?y) = 1, what is log(zy)?

\,[\N

2. (2005 AMC 10B Problem 17) Suppose that 4% = 5, 5b = 6, 60 = 7 and 7¢ = 8. What is

a-b-c-d? : k(( )‘?) ”{ _8 é '5""\;*:;(1' . ﬁ’

!

3. (2010 AMC 12A Problem 11) The solution of the equation 7$+7 = 8% can be exprebbed in the

form x = logy, 77. What is b? om0 /‘)/ —”o‘)b
!
§ A bog
| . = ¢ T
3 Problems ‘ 1 Lo

1. (NYCIMI, F10B25) Compute (log,gs 16)(logy 27)(logs 625). LF MR g/
- ‘5"‘1 g . J

V]

(NYCIML F06B07) Compute

log %— //

&

3. (NYCIML S11B26) Let log;, 70 = m and log; 20 = p. Given that logyq14 = Am + Bp+ C
where A, B, and C are integers, compute the ordered triple (4,B,C).  { 1,1 ] )

log(8) \

4. (NYCIML F06A19) If logb( a) log,(a) log, (b = 25 and %; = c*, what is the sum of all possible
values of k7

Technically this follows from multiplication and exponentiation

n

- -

} @U) [.1' - 2 l—) ;;:"
foayt 1
%\[ 1) =



5. (2018 AMC 12B Problem 7) What is the value of

é logg 7 - logs 9 - log, 11 - logg 13- - -logy; 25 - logyq 277
=

=
6. (2002 AMC 12B Problem 22) For all integers n greater than 1, define a, =

1
Iog,, 2003, L-¢t
i/‘l b=ay+ag+as+as and ¢ = a10 + a1 + a1z + a13 + a14. What is b — ¢? /orqun 37%;,,;%71}4\, :
) ' A o

X 4 7. (2008 AMC 12A Problem 16) The numbers log(a®"), log(a®v'?), and log(a®b'%) are the first

‘“J’w‘ag three terms of an arithmetic sequence, and the 12 term of the sequence is log b". What is
et n? . % z oo oy . .
Toor g ‘ G S A R A R N e iz
8. (2019 AMC 12A Problem 15) Positive real numbers ¢ and b have the property that
 Vioga + /flogb + IQg\/c_hLéog\/l; =100 ;OM
3 LXT Y //,,'
and all four terms on the left are positive intelgers,) where log denotes the bage 10 logarithm.
i ? Al [ vt outr
What is ab? {O9 IX 4)‘(5 1 5x 13 u) = {0 y 4\/\{"/3. g ;k (02
9. (1984 AIME Problem 5) Determine the value of ab given 7 Y oo
1 ! 5 : . ~>(4:X“J+\j‘)L/
oy ("920\ ‘ klog& e logga—f—lo'g%f/: 5 Q}'I}L-( 6 Y2
Jmﬁ“i\kj\ T 731 L % logg b +logy a* =7 Sz S\ v g el
A A T NP o i E
T [%3 ab=o" . H s xat e o
. .o ZW%LLO. (David Altizio, Mock AMC 10 /12 2013) Suppose z‘4nd y are real numbers such t%lf;ﬁ logm (y) =
X 03‘97‘(3 RN 6 and logy,(2y) = 5. What is log,, (4y)? \(5;’% 3y 7 NIRRT [Qg\ &éf’) ¥t {ré[ 15 -

v fud g a ' ¢ CA g

BT (e \Q"f\oﬂ 11.\) (2000 AIME II Problem 1) The number EE[%GO—OF + 1655:23‘006? can be written as ™ where 1

and n are relatively prime positive integers. Find m + n.
- N |
2000 = ‘Zé A}’u 2wy g

z k 4
5 . 2/)(’63’05 gonol: T 5’5/(,5)‘0%% 9
: 2 . R —
4 Challenge Problems e s i) - /.-
L. The domain of the function f (z) = log 1 (10g4‘(log>£qog16 (log %s“m is an interval of length
R S WS Tt & "\
™, where m and n are 2r(%latively prime positive integers:’.“WHai‘alis m—+n? / rc‘j T2
959 . !
. 1 Ao
@ Let S be the set of ordered/triples (z,9, 2) of real numbers for which Th T
G

";[/l»oglo(x +v)

\ed
Rat

ot gt g™

g SRR
0B+

2z and 1Og10($2 -+ yZ) — Z + 1. !O ) lD"»’ . \{24 wj’\y X’:my%v?,{\:)u "-0

SO ey

303 o 2 There are real numbers a and b such that for all ordered triples (z,y, ) in S we have 23y =
AP Oy a-10% +b- 10%. What is the value of g +07 IOyt gyt DR = (ar -
, \ 3 2 ab

3. The sum of the base-10 logarithms of the diviso‘rs of @is 792. What is n? 2 %3 ¥l 2_‘ %—c\/g
. T pet 2 % hetos
@ Let m > 1 and n > 1 be inte'glers. Suppose that the product, of tlze soﬁltions for & of the %,
equation aw TA0 ‘_(9\79 il (813 | ((fo ;5\) 8072
: 8(log,, z)(16g,, z) & Tlog,, = — 61log,, = — 2013 = 0 / [,
Zc\o\f( ¥ Bve

. . . . A “ - %
is the smallest possible integer. What is m +n? ré)%// ( O o (ZQ . 3{}{ TLEh
5. (David Altizio, Mock AIME I 2015) Suppose that’z and y are real numbers such thag% Wi ‘[x; a4t

log,(3y) = 2 and logs,(y) = 2. The value of logs,(3y) can be expressed in the form 2

e

where a and b are positive relatively prime integers. Find g -+ b. fw 1,,_‘4'_‘\&5
o "? ¢ ’ ’ﬁ N -ty
Syr vty 4y0) :
'%; }_‘7 o 2 z 20 b 2t 7
s 3x(3x) = x" B S e 9 5 oo P
{ o ; ; 3“) R, Y
a5 e 5 oo " an
37 ) 373'11, (53 7><L) = BT = o0
- 3 5 (o 2k
a t%*\\b 5= ~ % © Ton
B‘ _ . _)'L'o 2b & S 0% 3% X = s [ -
! - 5 L \/{ < a}j :‘.‘1/ N - Q) | 3 3 ™M ’fé) = ﬁq/
= e N
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AIME , AMC 12 Problems on Logarithms 2020 to 2023 Lt 44’*
Points A and B lie on the graph of ¥ = log, . The midpoint of AB is (6, 2). What is the positive difference between the z-coordinates of A ! dift ’f{ j{' o
and B? v ot ¥ 4X - /7/
; i oy ! o /g (2
A2V B4V (©)8 ( (D) 4B\ (E)9 I , e
. ,‘/"T‘( PP, (7 'L
T ’ M) 1 log x,
. (v\lm My % 1 )
Aright rectangular prism whose surface area and volume are numerically equél has edge lengths log, @, log, 24 and log, 2. What is 7 ’ i .
TN R Logvo £
@y2v6  ®6vE (c)24  (DY48 ( () 576> : L xa
. //,»- /i [ -
] 09, e fry
For how many integers n does the expression 5 b )
20\ i /
{“, Vi b ].Og(n2) - (]Og ”’)2 I 2,[0(37\/{“,)3 —1){ 4 v f 5 \/ (/[
{4y () logn —3 } 5
) . ) n ¢ logo ] 1 e 2 (/ ) fé_
represent a real number, where log denotes the base 10 logarithm? /5 )/f iz g b

(15 90
(A) 900 B) 2 {C) 902 (D) 2 @0%‘/\
/10()\—(2;03/} ,)y

What is the value of ) {ﬂ_ﬂ L “’Lj ) .., § }
W A »
(Iog o)3 + (locr 20)3 + (log 8)(log 0.25) v jeta 670
where log denotes the base-ten logarithm? ' feu JZ) | \1 W . \‘¢ Em i \) L;)

3 7 e
@i Qcm D3 ®3 - (%(loqz)+l)~ gy
| Lot 2

' \B ; : (1‘ 41’”"1 7 P b
) What is the value of — - — T
! Aa: L t_g\n)/ﬁ( 3 f[_ 13
\ log2 1ngo,~ ‘ R CTE R ([‘3
| . B dogl ol TT " T
(a0 B (C) 1 (D) 2/ (B) log, 5 T2 ley |4 log2 e _
' &/ A I R A VERE T
&j What is the value of ' T o :\\“
‘ ' 20 100 KA .
ogg. 3 1 y
(}: ogpe 3 ) (;/_: 0gg 25' ) o 2l _
r iy L
(A) 21 (B) 100log; 3 (C) 200 Iogd (D) 2, 200 /t;l‘ 000\ ‘ K’[//{/)
. ‘ V
What is the product of all the solutions to the equatuon 902% = « 28 "\

logy, 2 2023 - - 10gas0x 20/2,3\ 10g2023¢ 20237

(A) (1082005 7 10800 289)"  (B) 108095 7+ 108302 289 @j‘ ‘ /f( lg/ 2) / /fj);s ¢

(D) log, 2023 - logyg, 2023 (E) (log, 2023 - logyy, 2023)° )

Je] %/5/ o kb /Vy
A




Positive real numbers b % 1 and n satisfy the equations

Viog, n = log,. \/ nand  b-log,n = log,(bn).
- \ no =y
y : = P
The value ofnis L, where 7 and k are re!atwely prime posmve integers. Find § + k. 2
, /
5\C (g oy g e A
) - L2 sk oyt = 4 g,
2 !} E\') .‘J’// . * "Q h

=8l S

. There is a positive reai number = bt equal to efther 2 WOy such that _
103203 (222 ) = }z)g;2r (20273) \

. L

The value log zm(EQ’c) can be written as Icgm( ), wher? m and n are relatively prime positive integers. Find . +n.  °
L : _ 09" WL L I,

(ox) “211x @) -l o w0 =Ty MhelE s

There is a unique positive real. number @ such that the three numbers log, (27), lug,
with positive common ratio. The number » can he wnttﬂn as 2, where m and n are relatively pr;me pos{txve mtegers Findm + n.

l, lSL()( ‘\9.) LK 4(0(,31;(3 —iuogj 71‘{:)9 y‘ak ogLY) . ‘.:: -:bﬁ‘ 50\ (“qu\"{; 'L*.‘\
T e 1= wsL AN e
g \"‘54 e Fegw ”Ld»ﬂ‘; V‘v SJ\* 5 () s ?«,;G\ ' Qmm {f 7

24y X m n=
Iogzws 3002 0 can he wrmen as’—,

-

The value of = that satisfies 10;}2‘ Loy

20 wdd o
e S
. of ‘ /\( = 2mon ¢
(&,‘l‘ 2/9 <b\l}/ D . L L . . .
- 6{)7 yﬁ@ )A L (/’l/"(’l \.,»' /07/;,'//
' /

"Determine all real ‘V&h‘iﬁ‘:&% of far W}'xinh

«/hwjx k}gq(fia, +}+\/log2x Jdogy ((}4)+§);4. :

&;\4\\ : Qa\..g)%;

&J’\/ G Z ”k

b > 0. Determive all  with 0 < @ < 27 for which f{g(sin8)) =
Qo ~ 1) - 1) :

Qy%gfébebwk?OtD

7 [0£ JQ - “% oy 7-'2 {"*‘“} 1.[3 d &L
{ Y Lz
h e %L b VRS
sind 4 Sin €< %

where m and n are relatively prime positive integers. Find 17 -+ 12/

(b) ‘;upp{‘bo that fla) = 2a® < 3a + 1 for all real numbers @ and g(b) = Iogx b for all

o, and log, @, in that order, form a geometric progression

/
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Art of Problem Solving logarithm Problems: AIME and AMC 12

_[gﬂ“!w”‘

AE ’?
’63 & [\\b\\ }7‘7 {”} 2/
1. Suppose that “a”, “b”, and “c” are positive real numbers such that ¢°®’ =27 , b'°g’” =49 ,and
2 2 2
OB — \/ , find the value of the expressnon qlos )y plloert )™ loen2)" (5009 AIME 11)

21"’33 g ol leg
AL _ gl 19

-~ 1"

2. ltis given that log, a+log,b+log,c=6,where “a”, “b”, and “c” are positive integers that form an
_increasing geometric sequence and b —q is the square of an integer. Find a+b+c (AlMe 2002)
b = '5/77/ . o5 22 1] iy
o - b 0 R MR R
l\%f/ =9k a-21
/4 : € ag |
, . _ e 2 3
3. The expression below can be written as a fraction in lowest terms, simplify it: =+ Z
, log,2000° log,2000°
2000 AIME 2 4 : -
( ) 2 g, 1 ¢ 3l 9,5 -
Ly 125 - 2000 Jf
2 e
//
&

4. Positive numbers “x”, “y”, and “z” satisfies the equations below:

xyz=10"" and (Iogx)(logyu) (10gy)(10gz)=468 , find the value of

(logx) +(logy) +(logz) (2010 aime) | 4
| \f» 2

5. Given the system of equations below and that it has two solutions (xl,yl,zl) and (1‘2, Vz,uo) . Find
wn+y, e ] ;}/%({?’ / ) (M 5 A }'l
log (2000xy) - (logx)(log y) =4 4 {Bc Fa A \ ) ath-ab ,J U D
log(2yz)—(10;§y)(logz)=1 bett lm Lo bet) bt -be 33‘/ |
tog (25)-(log ) (og) =0 41b! 41 = obH ot - =0 20-¢ D (.

o+ C ¢ a

ail iy - (L bl
. Qe = aL L4y =24 \”{i/{ o ~,%~HL¢
Z/ {*@ 6 : 0t ni{:’{/ - a0 [/) 1hie
Lgq 16 o ”Z—("fﬁ { L)
J { = e C ~ £) U\*LB
oLy <

b=lgs u-5 9y U- a0 =0
// J ) oY DD o =/



6. The sequence al, a2, a3....... Is geometric with al=a and common ratio ‘r”, where “a” and “r" are positive
integers. Given that log, g, +log, a, +.. .+log,a, = ”006 find the number of possible ordered pairs

' “h) "2,0?' | ,42 for ( ‘ LK
O\(L' Y_% _ 6018 —’b(’/

/ } ?/ "7 ( '3 u
_/ii/ : 0 r 9 \, )‘ ‘ |
[ ¢ | ] L o |
/ 23(%“3 - 005 WL i{, 501\\/\{/0%’1_
BN U Gwva>>

i TE%L
RIS W

7. Suppose “A” and “B” are positive real numbers for which log, B =log, 4. If neither “A” nor “B”is 1and

. n \ B
A¢B,f|ﬁdthevalueofAB. l()(})&i ,m ,O

a,r)? (2006
(arn? ( aime) (D‘§3 Lo,y

!

1

ik

Q'@t) p U *w(,-{@‘} )24 \1 -0
1

8. Giventhat log,2~0.631, fmd the smallest positive mteqer”a" such that 3“ 2102 // .

f)10~~_~ : 2 .
{Hint: Show that log, 2" =102log, 2} 0\10. 5y (02 {oi) 7

0 M
. / [0677

(07 vo.03) ALl

:A%//

. o 1
9. Giventhat log,,sinx+ logm cosx=-1 and that 1og10 (sinx+cos x)= ——(10gm n —-1) , find the value of

“n”? (2003 AIME) /5({)@33{ S !/\X 7 ‘I (/) (< w+m\< - 0@@0
'L Mﬁ X ﬁcosvsw = /4

. 1o
ll/

| 10, How many real numbers “X” satisfy the equation: —log7 ~sm(57m) ? (AIME 1991) \3
(u\()\ gt )} (ytc}v{/ (!\'?ﬁW“"(“

\.(

{e

f\f’;/"tjz){' ﬁﬂ g L ﬂf} w D ,(
. L
lfffﬁ(}(u@ 224X £

R

g 3¢ Wlb‘/"’ Vﬁ/ﬂf(/ﬂ/’/}_L/ /!A ’Z(’// < fFi 3% (7\,{(‘/}(},:0 0}:55 ot

62X6 /i = / Tl
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) {
11. Find the last three digits of the product of the positive roots of the equation below: v
e N “ / [AFPY T b
. J1995x10g, 505 x = x> (1995 AIME) "1, ) A

“ }'»“ : SRRy :'» v \Wg X ’ X | - \

H/'{’\)(j\,:/\ m» e (‘0(/\ | i R o [O(l 4")/ S . — )

e _,; : i ) ) ! }O}C(E/ : X w4 - q b
. ' (,5 . N
- . - {L’\-:” . - a '] .
!ﬁ.;.,zuﬁ‘f; =0 fren e X X / /
[ AT < T
S I N e = 1A
o .A;)?, o ;[! nes iy, !'@'\37" LR "’/

12. Suppose “C'is in tHe interval [0, —2—] and log24sm(24cosx) 5 , find the value of 24cot x (AIME 2011)
= NL - (,\:‘)g R

. 0 -0 . l _ Mo, MW

- — A < i Ty o
L. oy W iy = WS> sriies £ SO

R -7
a4 ’,,} v = - n K g K
2 cetn s tn 2 i ” 7

>
e sma m wm TR

TN
. ot s, valwoy S M, vy
S‘](ﬂ 5(‘!‘-’\/{ - :Vkig 60) h i ﬁe)b/}((‘ \( iy 5([/‘ >/1/ 17 f(l o) - .
LY 7 t 7 - \ O o | fg‘//
i
13. The solutions to the system of equations below are ( 1,yl) and (xz,yz) Fmd the valuéof
{

\LJ /’L A¥4 ! H { {
{ (~, @, 7 ( L Qe
log,, (Jcl X Y| XX, xyz) (2002 AIME) ~ led o be ) by } § \’>

log,s x+logg, y=4 o tb = § \Z'Cx‘ : ;\
log, 225—-1log, 64 =1 )

- ';ff’ -
AN . )2 P
//u R L

@ Let “x”, “y”, and “z” be positive real numbers that satisfy the equation below. If the value of xysz can be
1 ‘ - :
expressed in the form —— P where “p” and “q” are relative prime positive integers, find “p+g”.

. 2log (2y)=2log,, (4z)=log, ,(8yz)#0 (2012AIME) TETAL) =@
[t £=7 ' @ 1) o c4+72=

Wy b lb,izi = ,.ZLJ_,:{_ - LJ_L.CN.!/Z—' -7l

) / 7 Ay ” 4o ‘ . ‘ ’
. i ) Lo r Rty

7 .

e ‘lL ‘ (D :@ ) . f=h R ey /_/
e \ L. @ ;@ | ’Wu(a?pby@, no So (Wl ’

{ £A\,/r' Q{) \ 4 AN e
_ Aot (,H 1-'»(}%'52.‘»0‘3 P
i '1 t/{; ( ( L ) ! (j\)l)/(;[:\ '{%"(/\ 14\‘ /,0\ WL/('{‘/}/ '{ oy ‘[m‘ T —f
P (Rb + /f*‘\b\’fb + [ oo+ ///b( © T / é A ba
Mjﬁm‘ (f::(’ :,/ @ = '”\’ .l @ - (7&{%4 bﬁ\ .g(b
R 4 , l g ,,‘ ‘
5 45k U"“M““> (eAet) UH b*O =0
b C\\ | \,;{i;}-",g/&z i ’ v L(L'{>(1‘ 5 Cove 1s ‘H‘\ %% - O ol 5\
= " ‘;7»& -im{sn o = “'E‘J ) P L\c Tt &O'O “ ; 5 ;) "(:u()j\ f )
RS e g e S EpeE = G-
;o . . ST iR L5 5 b A
(740 ~ 44//~ 3 N v S =t



’ 2’3) For certain pairs (m,n) of positive integars with m > # there are exactly 50 distinct positive integers “k”
G\ W
. G At "
(‘.!,. » -

such that [logm—log k| <

[ P Et
b L;) B %QU\/’ [ TS Of:‘} ﬂ;k e 55‘” )
3 ¢ m ‘ 4
N — £
g} k L
fa P
— Wl Lan
i
T mn -] ,mn-l
l’\w\ My~ 5’ LVV] <Wm/5@
- |
m L 20
. V\L_.l "y >

J

@ The increasing geometric sequence X, ,%,X,,..... €On
. 5 )
7, find the value of log, (x,)

M-

594

o

7 \&'ﬂg,v\\:B 7 i\(\i
> log, (x,)=308 and 56< logq[ ,,)S:T
n=0 T\, n= () y
—' N
o, G°
e

{/\/Q, Qe C &(L\ TD J%H/\C\ C‘) {?‘f(¢,>
a7y Cov(—((clu ,:fk g\\((l‘t
J
20+ 5x(4

A\ C"gv ,'\_u‘i‘ A L K e S
3 HARTAY SRR 24, A
et . 10 Lo
ALY B} e

o < g,

V\o“\ € v

than, 57"

;:! Lyl 5’[ C

A {.

I

Wity

"1 n((,\

aqv

Conclode _gfnt

|

’>iv\r,) T e

1
s'gl’émii- ¢ *.wu 2

\o‘(?(,v “f[’\&"{z I”\C
([),W/ L\/‘dl(

-t
o

-

}

n—
n 2 . 7\%‘
AR ing 153

5 £ o s 172

— e -

é ¢ “‘Ky } e (C\‘

no & 371 o r?;.ﬂ‘%z/i}l(df S(k{'}‘f

74 ;‘J! Ve z{?/,/é’////

09 n . Find the sum of all pos s;aie values of the product mn {2009 AIMIE)

sists entirely of integral powers of 3. Given that

y 1 e gy:*.;?s}’{b}’
sggpivy Foas ol
o L ‘“”'(_
TSl ae
.5k
)
(_l( i
k=714
i Ll
W e
] -
2 e = 2



