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1. The number of digitsinthe number N = 212 x 58is:

A9
B 10
c 11
D | 12
E 20
Solution:

We have 21258 = 24(285%) and 16 - 108 = 1,600,000,000, which has 10 digits.

Therefore, the correct answeris B.



2. Ifbmentake cdaystolay f bricks, thenthe number of days it will take ¢ men working at
the same rate tolay b bricksiis:

A fb?
5 b
c i
o)
Solution:

Therateis 5% bricks perman-day. Thus cmenlay % bricks per day, so laying b bricks
takes

days.

Therefore, the correct answeris D.



3. Ifthepoint (z, —4) lies on the straight line joining the points (0, 8) and (—4, 0) inthe
ry-plane, then zis equal to:

A —2

B 2

C —8

D 6

E —6
Solution:

The slope through (0, 8) and (—4, 0) is 2, so the lineisy = 2z + 8. Substitutingy =
—4 gives —4 = 2x + 8,hencex = —6.

Therefore, the correct answerisE.



4. Aftersimpleinterestfortwo months at 5% perannum was credited, a Boy Scout Troop
had a total of $255.31 in the Council Treasury. The interest credited was a number of
dollars plus the following number of cents:

A 11
B 12
c 13
D 21
E 31
Solution:

If P isthe principal, then

255.31 =P (1 + %)
121
= P1_2O'

Hence P = 253.20, so the interestis $2.11 and its cents partis 11.

Therefore, the correct answerisA.



5. Points A, B, @, D, and Cllie on the circle shown, and the measures of arcs B() and
QD are 42° and 38°, respectively. The sum of the measures of angles P and Q) is:

A 80°
B 62°
c 40°
D 46°

E None of these

Solution:

LetmAC = u.The external-secant formula gives
1 —~
m/P = < (mBD - u) ,
while the inscribed-angle theorem gives mZQ = %.Therefore
1 —~
m/P +m/Q = §mBD

1
— 5(420 —|— 380)
= 40°.

Therefore, the correct answeris C.



6. Letxbeasymboldenotingthe binary operation onthe set S of allnonzero real
numbers as follows: foranya,b € S, a * b = 2ab. Which statement is not true?

A * is commutative over S

B * is associative over S

[y

C  ;isanidentity elementfor*in S

D Every element of S has aninverse for %

E 2—1a isaninverse for x of the elementa of S

Solution:

The operationis commutative, and
(a *b) * ¢ = 4abc = a * (b * ¢),

soitisassociative. Itsidentity s %.The inverse of a must satisfy 2ax = %, soitisx =
1 1
12’ not %"

Therefore, the correct answerisE.



9~ (2k+1) _ 9-(2k-1) 4 9-2kj5equalto:

A 27

5 9 (2-1)

c  _9-(2kt1)

D 0

E 2
Solution:

Factoring gives
27(2k+1)(1 . 4 + 2) — _2*(2k‘+1).

Therefore, the correct answeris C.



8. Thesolutionset of 622 + 5z < 4isthe set of all values of z such that:

A 2<z<l1
B 4 <z< 1
3757
C 1 < <é
9 %3
D <1 > 4
r< -orx>—-
2 3
E < 4 > 1
——orx > -
TST3 2
Solution:

The inequality is

622 + 5z —4 < 0,
3z +4)(2z — 1) < 0.

Theroots are —% and %, and the upward-opening quadratic is negative between
them.

Therefore, the correct answeris B.



9. Anuncrossed beltis fitted without slack around two circular pulleys with radii of 14
inches and 4 inches. If the distance between the points of contact of the belt with the
pulleysis 24 inches, then the distance between the centers of the pulleysininchesis:

A 24

B 2119

c 25

D 26

E 435
Solution:

The common external tangent and the radii to its contact points form aright triangle
whose legs are 24 and 14 — 4 = 10. Thus the centerdistanceis

V242 +10% = V676 = 26.

Therefore, the correct answeris D.



10. Each of a group of 50 girls is blonde or brunette and is blue-eyed or brown-eyed. If 14
are blue-eyed blondes, 31 are brunettes, and 18 are brown-eyed, then the number of
brown-eyed brunettesis:

A5

B 7

c 9

D 11

E 13
Solution:

Thereare 50 — 31 = 19 blondes, of whom 19 — 14 = 5 are brown-eyed. Hence the
number of brown-eyed brunettesis18 — 5 = 13.

Therefore, the correct answerisE.



1. The numeral47inbase arepresents the same numberas 74 in base b. Assuming both
bases are positive integers, the least possible value of a + b, written as a Roman

numeral, is:
A Xl
B XV
c XX
D XXIV
E XV

Solution:

The equalityis4a + 7 = 7b + 4,0r4a — 7b = —3. Since both digits must be valid,
a,b > 7.Reducingmodulo 7givesa = 1 (mod 7). The firstvalid valueisa = 15,
whichgivesb = 9. Thusa + b = 24, written XXIV.

Therefore, the correct answerisD.



12. Foreachinteger N > 1, define positive integers to be congruent if they leave the
same nonnegative remainder when divided by V. If 69, 90, and 125 are congruentin
one such system, thenin that same system, 81 is congruent to:

A 3

B 4

cC 5

D 7

E 8
Solution:

The modulus N dividesboth90 — 69 = 21 and 125 — 90 = 35. Since N > 1, this
forces N = 7.Then81 =4 (mod 7).

Therefore, the correct answeris B.



13. 1f (1.0025)1%is evaluated correct to 5 decimal places, then the digit in the fifth
decimal placeis:

A0

B 1

c | 2

D 5

E 8
Solution:

The binomial expansion gives

(1 + 0.0025)°
=1+ 10(0.0025)
145(0.0025)?
+120(0.0025)3 + - -
= 1.025283125....

whichrounds to 1.02528. The fifth decimal digit is 8.

Therefore, the correct answerisE.



14. The number 2% — 1is exactly divisible by two numbers between 60 and 70. These
numbers are:

A 61,63
B 61,65
cC 63,65
D 63,67
E 67,69
Solution:

Because 6 | 48,
63 =2°0—1|2% —1.

Also 2?2 — 1 = 4095 = 63 - 65,and 12 | 48,5065 | 2% — 1. Thus the two numbers
are 63 and 65.

Therefore, the correct answeris C.



15. Anaquariumon alevel table hasrectangular faces andis 10 inches wide and 8 inches
high. When it was tilted, the waterinitjust covered an 8-inch by 10-inch end but only
three-fourths of the rectangular bottom. The depth of the water when the bottomwas
again made level was:

A 2% inches
B  3inches

C = 3jinches
D 3% inches

E 4inches

Solution:

Let the aquarium length be L and the level-water depth be h. In the tilted position the
longitudinal cross-section of the wateris a triangle with base % and height 8.
Therefore

1 3L
10(>-22-8) =10Lh
(37 8) = omn

soh = 3inches.

Therefore, the correct answeris B.



16. After finding the average of 35 scores, a student carelessly included the average with
the 35 scores and found the average of these 36 numbers. The ratio of the second
average to the true average was:

A 1:1
B 35:36
c  36:35
D 2:1

E None of these

Solution:

If the true average is x, then the original sumis 35x. Including x itself gives a sum of
36x over 36 numbers, so the new averageis stillz. Theratiois 1 : 1.

Therefore, the correct answerisA.



17. Acircular diskis divided by 2n equally spacedradii (n > 0) and one secantline. The
maximum number of nonoverlapping areas into which the disk can be divided is:

A 2n+1

B 2n+42

cC 3n—-1

D 3n

E 3n+1
Solution:

The radii first make 2n sectors. A secant not through the center can meet at most one
radiusin each of n opposite pairs, hence at most n radii. Those intersections divide the
secant chordinton + 1 pieces, each of which adds one region. The maximumiis
therefore2n + (n + 1) = 3n + 1.

Therefore, the correct answerisE.



18. The currentin ariver flows steadily at 3 miles per hour. Amotorboat traveling at a
constantrate in still water goes downstream 4 miles and then returns to its starting
point. The trip takes one hour, excluding turning time. The ratio of the downstreamrate
to the upstreamrateis:

A 4:3
B 3:2
c 5:3
D 2:1
E 5:2
Solution:

If vis the still-water speed, then

4+4_1
v+3 wv—-3

This simplifies tov? — 8v — 9 = 0, so the positive admissible solutionisv = 9. The
downstream and upstreamrates are 12 and 6, whose ratiois 2 : 1.

Therefore, the correct answeris D.



19. If theliney = ma + 1intersects the ellipse z? + 4y2 = 1l exactlyonce, thenthe
value of m?2is:

A

o
wibno N

(@)
I

m
ot

Solution:
Substitution gives
(14 4m?)z* + 8mzx + 3 = 0.
Tangency requires its discriminant to vanish:
64m? — 12(1 + 4m?) = 0.
Thus 16m* = 12,som?® = 3.
Therefore, the correct answeris C.



20. The sum of the squares of the roots of the equation 22 + 2hz = 3is 10. The absolute
value of his equal to:

A —1
1
B 3
2
€3
D 2
E None of these
Solution:
Forrootsr, s, Vieta’sformulas giver + s = —2handrs = —3.Hence

4h* = (r+s)> =r’> + s 4+ 2rs
=10—-6 =4.

Therefore |h| = 1, whichis not among choices A-D because choice Ais —1.

Therefore, the correct answeris E.



21. If

log, (log;(log, z))
log;(logy(log, y))
log, (log,(logs z))

)

0
0,
0

Y

thenz + y + zisequalto:

A 50

B 58

c &9

D 111

E 1296
Solution:

Undoing the logarithms from the outside inward gives

r =43 = 64,
y =2 =16,
2=232=0.

Thereforex +y + 2 =64 4+ 16 + 9 = 89.

Therefore, the correct answeris C.



22. If wis one of theimaginary roots of 23 = 1,then (1 — w + w?)(1 + w — w?) isequal

to:
A 4
B w
C 2
D w?
E 1
Solution:

Becausew # landw? = 1,wehavel + w + w? = 0. Thus

Their product is 4w® = 4.

Therefore, the correct answeris A.



23. Teams A and B are playing a series of games. If either team has an equal chance to win

any game, and Team A must win two games while Team B must win three games to

win the series, then the odds favoring Team A to win the series are:

A 11tob
B 5to2
C 8tod
D J3to2
E 13to6
Solution:

Team A losesinthe sequences BBB, ABBB, BABB, and BBAB. Their total probability is

Thus Team A wins with probability

1+3 1\ 5
8 16/ 16
11

15> Sothe oddsinitsfavorare 11 : 3.

Therefore, the correct answerisA.



24. Pascal’s triangle is an array of positive integers, shown below, in which the firstrowis 1,
the secondrowis two 1's, eachrow begins and ends with 1, and each otherentry is
the sum of the two entries aboveit.

The quotient of the number of entries in the first n rows which are not 1’'s and the
number of 1’s is:

2

n°—n
A
2n —1
n®—n
B
4dn — 2
n? —2n
C -
2n — 1
5 n®—3n+2
4dn — 2

E None of these

Solution:

The firstnrowscontainl +2 4 - +n = @ entries. There are 2n — 1 boundary

1’s, so the number of other entriesis



25.

5 — (2n—1)
n?+n—4n+2
- 2
n? —3n+2
— 5 _

o - 2 3n+2
Dividing by 2n — 1 gives * %=,

Therefore, the correct answeris D.

Ateenage boy wrote his own age after his father’s. From this new four-place number,
he subtracted the absolute value of the difference of theirages to get 4,289. The sum
of theirages was:

A 48
B 52
cC o6
D 59
E 64
Solution:

Let the fatherand boy be f andbyears old. Since f > b,

100f + b — (f — b) = 4289,
99 f + 2b = 4289.

The boy is ateenager,so 13 < b < 19. Reducing modulo 9 gives 2b = 5 (mod 9),

henceb = 16.Then f = 42899;32 = 43,and f + b = 59.

Therefore, the correct answeris D.



26. Intriangle ABC', point F' divides side AC'intheratio 1 : 2. Let E be the point where
side BC' meets AG, where G is the midpoint of BF'. Then E divides BC' in the ratio:

A
F
B FE C
A 1:4
B 1:3
C 2:5
D 4:11
E 3:8
Solution:

Use mass points. Since AF : FC =1 : 2,assignmasses2and1to Aand C,sothe
mass at F'is 3. Because G is the midpoint of BF', the mass at B is also 3. Therefore

BE : EC =m¢g:mp=1:3.

Therefore, the correct answeris B.



27. Abox contains chips, each of whichis red, white, or blue. The number of blue chipsis at
least half the number of white chips and at most one-third the number of red chips.
The number which are white or blue is at least 55. The minimum number of red chipsiis:

A 24
B 33
c 45
D &4
E 57
Solution:

Let the counts be r, w, b. The conditions give

w < 2b,
r > 3b,
w + b > 55.

Hence3b > w + b > 55,s0b > 19andr > 57.Equality is possible with (w, b, r) =
(36,19,57), so the minimumis 57.

Therefore, the correct answerisE.



28. Nine lines parallel to the base of a triangle divide the other sides eachinto 10 equal
segments and the areainto 10 distinct parts. If the area of the largest of these partsis
38, then the area of the original triangle is:

A 180
B 190
c 200
D 210
E 240
Solution:
If the whole areais K, the triangle above the bottom strip is similar to the original with
scale 1%, soitsareais %.Thus the largest strip has area
81K 19K
K — = = 38,
100 100
giving K = 200.

Therefore, the correct answeris C.



29. Giventhe progression
1 2 3
101,101, 1011,
10m,...,107,

the least positive integer n such that the product of the first n terms exceeds 100,000

is:
AT
B 8
c 9
D 10
E 11
Solution:

The productis

42+ 4n n(n+1
101 211 — 10_(2;)

It exceeds 100,000 = 10° exactlywhenn(n + 1) > 110.Forn = 10thereis
equality, whilen = 11 works.

Therefore, the correct answeris E.



30. Giventhelinear fractional transformation
2z — 1
z+1"’

fi(z) =

define f,11(z) = fi(fn(x))forn =1,2,3,....Assuming f35(x) = f5(z),it follows
that fog(x) is equal to:

A T
1
B 2
.
C i
b L

E None of these

Solution:
The transformationis invertible. From f35 = f5, composing with f5_1 shows that f3q is
the identity. Solvingy = 257*11 forx gives
oty Y11
9(y) = fi @%—2_y

Sinceiterates have period 30, fas = f_o = g°. Direct composition gives

Therefore, the correct answerisD.



31. Quadrilateral ABC D isinscribedin a circle with side AD, a diameter of length 4. If
sides AB and BC each havelength 1, thenside C'D has length:

C
B/ 1

@)
|U\ [NJEN
[N
CIER

D
E 23
Solution:

The circle has radius 2. Let the central angles subtending the equal chords AB and
BC(C eachbe 2t. Then

1 =4sint,

sosint = }l.The remaining central angle from C'to D along the semicircleis ™ — 4t,
hence

—4
CD = 4sin (W 5 t)



Therefore, the correct answerisA.

32. If

s=(1+2%)(1+2 )
S(14278)(1+271)
) (1 + 2_%)7

then sis equalto:
1 1
A —(1-2":)7!
~(1-27%)
B (1-2=)"!
c 1-2%

1 1
D —(1—2"=
S(1-27%)

NI =

Solution:

Letx = 2_3% .Then

Therefore
1 1
— _(1—-292"%)L
s 2( )

Therefore, the correct answerisA.



33. If Pisthe product of n quantities in geometric progression, S their sum, and S’ the
sum of theirreciprocals, then Pinterms of S, S’,andn is:

A (SS):
B (5)7
I (Ssl)n—Z
S
D (g)"
'yt
E (g) 2
Solution:
Write theterms as a, ar, . . . , ar™ 1. Reversing the reciprocal sum gives
, S
S =
asr™”
so % = a?r" 1. Meanwhile
n n(n—1)
P=a"r
_ (a2rn—1)§

Therefore, the correct answeris B.



34. Anordinary clockin afactoryis running slow so that the minute hand passes the hour
hand at the usual dial positions (12 o’clock, etc.) but only every 69 minutes. At time
and one-half for overtime, the extra pay to which a $4.00-per-hour worker should be
entitled after working a normal 8-hour day by that slow-running clockis:

A $2.30
B $2.60
c $2.80
D $3.00
E  $3.30
Solution:

Successive hand-overlaps are % real minutes apart, while this slow clock displays 69

minutes between them. Thus 12 displayed hours correspond to

11 - 69 = 759 real minutes,
759 minutes = 12 h 39 min.

Eight displayed hours therefore take 8 h 26 min, so the overtime is 26 minutes. At $6
per hour, that pays $2.60.

Therefore, the correct answeris B.



35. Eachcircle in aninfinite sequence with decreasing radiiis tangent externally to the one
following it and to both sides of a givenright angle. The ratio of the area of the first
circle to the sum of the areas of all the other circlesin the sequenceiis:

A (4+3V2):4
B 9v2:2

c (16+12v2):1
D (24+2v2):1

E (34+2v2):1

Solution:

If consecutive radiiarer > 7', their centers lie on the angle bisector at distances 2
and 7’/2 from the vertex. External tangency gives

\@(r —7rY=r+7,
so%/ =3 — 2\/§.The ratio of successive areasis
q=(3—2v?2)>2

Therefore the first area divided by the sum of all later areas is

1—-q 1

. S |

q q
= (34+2v2)?% -1
=16 + 12v/2.

Therefore, the correct answeris C.
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