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1. Let Punitsbe theincreaseinthe circumference of a circle resulting fromanincrease
of 7 unitsin the diameter. Then P equals:

1

A —_

Tr

B T
71.2
C -

2

D 72

E 27
Solution:

The original circumference is wd. After the diameterincreases by 7, itis w(d 4 7). The
increase is therefore w(d + ) — wd = 2.

Therefore, the correct answerisD.



2. Therealvalue of z such that 64%~! divided by 4! equals 2562% is:

2
A - —
3
1
B o
3
C 0
1
D —_
4
3
E _
8
Solution:

The leftsideis (£)77 = 167!, while 2562% = (16%)%* = 16%. Hencez — 1 = 4,

= _1
sox = —3.

Therefore, the correct answeris B.



3. Astraightline passing through the point (0, 4) is perpendicular to the line x — 3y —
7 = 0.Itsequationis:

A y+3z—4=0
B y+3x+4=0
C y—3x—4=0
D 3y+z—12=0
E 3dJy—z—12=0

Solution:

The given line has slope %, so aperpendicularline has slope —3. Through (0, 4) its
equationisy = —3x +4,ory + 3z —4 = 0.

Therefore, the correct answerisA.



a
" Define an operation * for positive realnumbersbya * b = ——.Then4 x (4 x 4)
a

+b
equals:
A 2
3
B 1
c 4
3
D 2
16
E -
3
Solution:

First, 4 x 4 = 22 = 2. Therefore 4 * (4 x 4) = 4 * 2, whichequals 4_f—2 = %.

Therefore, the correct answeris C.



5. it f(n) = %n(n +1)(n + 2), then £(r)
A r(r+1)

B (r+1)(r+2)

1
C g’r(r +1)
o lernr+2
3
E %r(r +1)(2r + 1)

Solution:

We have f(r) = s7(r 4+ 1)(r + 2) and f(r —
difference as 37(r + 1) times (r + 2) — (r

Therefore, the correct answerisA.

1) =
- 1)

1
3
3.

— f(r — 1) equals:

(r — 1)r(r + 1).Factortheir
Theresultis7(r 4 1).



6. Letside AD of convex quadrilateral ABC' D be extended through D, and let side BC'
be extended through C', to meetinpoint E. Let S represent the degree-sum of
angles CDE and DCE, andlet S’ represent the degree-sum of angles BAD and
ABC.Ifr = &, then:

A r = 1sometimes,r > 1sometimes
B r = 1sometimes,r < 1sometimes

C 0<r<l

D r>1
E r=1
Solution:

Intriangle EC' D, S = 180° — ZE. Since Dlieson AE and C'lies on BE, triangle
EABgives S’ = 180° — ZFE aswell. Thus S = S"andr = 1.

Therefore, the correct answerisE.



7. Let O betheintersection point of medians AP and CQ of triangle ABC.I1f OQ is 3
inches, then OP,ininches, is:

A 3
9
B —_
2
C 6
D 9

E undetermined

Solution:

The centroid divides eachmedianina2 : 1ratio, so OQ = 3 determines CQ = 9.1t
gives no relation between the lengths of the two different medians CQ and AP.
Triangles with CQ = 9 can have different AP, so OP is undetermined.

Therefore, the correct answerisE.



8. Apositive numberis mistakenly divided by 6 instead of being multiplied by 6. Based
onthe correct answer, the error thus committed, to the nearest percent, is:

A 100
B 97
c &3
D 17
E 3
Solution:

The correctresultis 6V, while the mistakenresultis % . Relative to the correct result,

. 6N-X 35
6 —_— Y
the erroris N = 35 97.2%.

Therefore, the correct answeris B.



9. The sum of the real values of z satisfying |x + 2| = 2|z — 2]is:

1
A —_
3
2
B —_
3
C 6
D 61
e 62
3
Solution:

Squaring gives (z + 2)? = 4(z — 2)?,0r3z? — 20z + 12 = 0. Bothroots satisfy the
original absolute-value equation, and their sumis 2—:,? = 6%.

Therefore, the correct answerisE.



10. Assume that, for a certain school, itis true that
I: Some students are not honest.
I: All fraternity members are honest.

Anecessary conclusionis:

A Some students are fraternity members

B Some fraternity members are not students
C Some students are not fraternity members
D No fraternity memberis a student

E No student is a fraternity member

Solution:

Statement | guarantees a dishonest student. Statement Il says every fraternity
memberis honest, so that dishonest student cannot be a fraternity member. Hence
some studentis not a fraternity member.

Therefore, the correct answeris C.



1. Ifanarc of 60° oncircle | has the same length as an arc of 45° on circle Il, the ratio of
the area of circle I to that of circle Il is:

A 16:9
B 9:16
cC 4:3
D 3:4

E none of these

Solution:

Equal arc lengths give 60r; = 4573, so % = %. Circle areas scale as the squares of
the radii, giving A1 : As =9 : 16.

Therefore, the correct answeris B.



12 : : . L 1 1
" Acircle passes through the vertices of a triangle with side-lengths 75, 10, 125. The

radius of the circle is:

15
A —_
4
B 5
25
C —_
4
35
D —_
4
c 154/2
2
Solution:

The sides are g (3,4,5), sothe triangle is right with hypotenuse % The hypotenuse is
the circumdiameter, making the radius %.

Therefore, the correct answeris C.



13. Ifmandnaretherootsof z2 +mx +n = 0,m # 0,n # 0, then the sum of the

rootsis:

1
A _
2
B -1

1

C —

2

D 1

E undetermined

Solution:
Because the roots are m, n, Vietagivesm +n = —mandmn = n. Sincen # 0, the
second equationgivesm = 1,andthenn = —2. Theirsumis —1.

Therefore, the correct answeris B.



1 1
14. If £ and y are nonzero numberssuchthatx =1+ —andy = 1 4+ —, thenyequals:
T

A -1

B l—=z

c 1+«

D —x

E =
Solution:

The equationsgivexzy = y + landzy = = + 1. Thereforex +1 =y + 1,soy = x.

Therefore, the correct answerisE.



15. Let P be the product of any three consecutive positive odd integers. The largest
integer dividing all such Pis:

A 15

B 6

cC 5

D 3

E 1
Solution:

Three consecutive odd integers occupy three consecutive residues modulo 3, so one
is divisible by 3. Thus every product is divisible by 3. The products1 - 3 - 5 = 15and
7-9-11 = 693 have greatest common divisor 3, so no largerinteger always divides
the product.

Therefore, the correct answeris D.



16 _ 1 1
" Ifzissuchthat — < 2and — > —3, then:

X i
A 1< <1
—_—— m —
3 2
1
B ——<x <3
3
C >1
x —_—
2
D >1 1< <0
e 2> o< -1
X 20[’33 3
Solution:

Forx > O,% < 2givesx > %,Whilethe otherinequality is automatic. Forz < 0,% >
—3givesz < —%,whiletheﬁrst isautomatic. Thusz > %or:c < —%.

Therefore, the correct answerisE.



17. Letf(n): :U1—|—£132—|—"'—|—:B
n

2,...,n,thesetof possible values of f(n)is:

A {0}

il

" wherenisapositiveinteger. If z, = (—1)¥,k = 1,

vy)

m
—N—

J—‘
S|
——

Solution:

If nis even, the terms pair to give sum 0, so f(n) = 0. If nis odd, one final —1 remains,
so f(n) = —.The possible values are therefore {0, —ni}.

Therefore, the correct answeris C.



18. Side AB of triangle ABC' haslength 8 inches. Line DEF'is drawn parallelto AB so
that D isonsegment AC', and E is onsegment BC. Line AFE extended bisects angle
FEC.If DE haslengthbinches, thenthe length of CE, ininches, is:

51

A —_
4

B 13
53

C —_
4

5 40
3

c 27
2

Solution:

Because FE || AB,/FEA = Z/BAE.Thebisector conditiongives ZFEA =
/AEC = ZAEB,sotriangle ABFE isisoscelesand BE = AB = 8. Similar
triangles CDE and CAB give C%i; = %. Hence 8CE = 5CFE + 40,s0CE = %.

Therefore, the correct answeris D.



19. Let n be the number of ways that 10 dollars can be changed into dimes and quarters,
with at least one of each coinbeing used. Thenn equals:

A 40
B | 38
C 21
D 20
E 19
Solution:

The equation 10d + 25¢g = 1000 reduces to 2d + 5g = 200. Thus ¢ must be even;
write ¢ = 2k, givingd = 100 — 5k. Positivityrequiresk = 1,2, ...,19,sothere are
19 ways.

Therefore, the correct answerisE.



20. The measures of the interior angles of a convex polygon of i sides are in arithmetic
progression. If the common difference is 5° and the largest angle is 160°, thenn

equals:
A 9
B 10
c 12
D 16
E 32
Solution:

The smallest angleis 160 — 5(n — 1). The angle sumis 5 times 320 — 5(n — 1), and
itequals 180(n — 2). This simplifies to

n?+Tn — 144 = 0,
(n—9)(n+ 16) = 0.

Thusn = 9.

Therefore, the correct answerisA.



21. If allthe operationsinS = 1! 4+ 2! + 3! + - - - 4+ 99! are correctly performed, the units
digitinthe value of S'is:

A9

B | 8

cC 5

D 3

E O
Solution:

Fork > 5, k!is divisible by 10. Only the first four terms matter. Theirsumis 1 + 2 +
6 + 24 = 33, whose units digitis 3.

Therefore, the correct answeris D.



22. Asegment of length 1 is divided into four segments. Then there exists a simple
quadrilateral with the four segments as sides if and only if each segment is:

1
A equalto —
auattoy

1 1

B equal to or greater than 3 and less than 3
1 1
C greaterthan 3 and less than 5
1 1
D greater than 3 andless than 1

1
E less than —
2

Solution:

A simple nondegenerate quadrilateral exists exactly when each sideis less than the
sum of the other three. Since the totalis 1, this conditioniss < 1 — s,ors < %,for

every segment,

Therefore, the correct answerisE.



23. If allthe logarithms are real numbers, the equality

log(z + 3) + log(x — 1)
= log(z* — 2z — 3)

is satisfied for:

A allrealvalues of
B norealvalues of &
C allrealvalues of x exceptx = 0
D norealvalues of x exceptxz = 0

E allrealvalues of zexceptz = 1

Solution:

Combining logarithms would require (z + 3)(z — 1) = ? — 2z — 3. Thisgives * =
0.Butthenz — 1 = —1, sothelogarithm onthe leftis not real. Hence there are noreal
solutions.

Therefore, the correct answeris B.



24. Apainting 18” x 24" is to be placed into awooden frame with the longer dimension
vertical. The wood at the top and bottom s twice as wide as the wood on the sides. If
the frame area equals that of the painting itself, the ratio of the smallerto the larger
dimension of the framed paintingis:

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

The outside dimensions are 18 + 2x and 24 + 4x. Since the frame area equals the
painting area, (18 + 2z)(24 + 4z) = 2(18)(24). This gives 22 + 15z — 54 = 0, s0
x = 3. Thedimensions are 24 and 36, withratio 2 : 3.

Therefore, the correct answeris C.



25. Aceruns with constant speed and Flashruns x times as fast,z > 1. Flash gives Acea
head start of y yards, and, at a given signal, they start off in the same direction. Then
the number of yards Flash must run to catch Aceis:

A Ty
(]
B r+vy
Ty
¢ r—1
T+
5 Yy
rz+1
r+vy
E
rz—1
Solution:

If Ace runs at speed v, Flash runs at zv, so their closing speedis (z — 1)v. The catch-
VY . TY

z—1)v z—1°

up time is ﬁ, during which Flash runs (

Therefore, the correct answeris C.



26.LletS =24+4+6+---+ 2N,where N is the smallest positive integer such that
S > 1,000,000. Then the sum of the digits of N is:

A 27

B 12

cC 6

D 2

E 1
Solution:

Wehave S = N(N + 1).For N = 999, thisis 999,000 < 1,000,000, while for N =
1000itis 1,001,000. Thus N = 1000, whose digit sumis 1.

Therefore, the correct answerisE.



27. Let

Sy=1-2+3—4+--.
+ (=1)""'n.

Heren = 1,2,....Then S17 + S33 + S50 equals:

A0
B 1
c 2
D -1
E -2
Solution:
Pairing gives S, = —% forevennand S, = ’%1 foroddn.Hence S1; =9, S33 =

17, S50 = —25,and theirsumis 1.

Therefore, the correct answeris B.



28. If the arithmetic mean of a and bis double their geometric mean, witha > b > 0, then
apossible value for theratio £, to the nearestinteger, is:

A5
B 8
C 11
D 14

E none of these

Solution:

Lett = 7 > 1.The condition gives % = 24/t,s0t? — 14t + 1 = 0. Theroot greater
thanlist = 7 4+ 44/3 ~ 13.93, whose nearestintegeris 14.

Therefore, the correct answeris D.



29. Giventhe three numbers z,y = %,z = ®), with0.9 < z < 1.0. Arranged in order
of increasing magnitude, they are:

A T,2,Y
B T,Y, 2
c wy,x,z
D Yy 2, &
E Z,2,Y
Solution:

Since0 < ¢ < landz < 1,raisingz tothe exponentx givesx < y = 2® < 1.Fora
base between(and 1, alarger exponent gives asmallervalue. Becausez < y < 1,
wehaver =zl < 2y = 2z < 2% = y.Thusz < 2 < .

Therefore, the correct answeris A.



30. Convexpolygons P; and P, are drawn in the same plane with n; and ny sides,
respectively,ny < no.If P; and P, do not have any line segment incommon, then the
maximum number of intersections of P; and Py is:

A 2n,
B 219
C nino9

D ny + ng

E none of these

Solution:

Eachside of P liesonaline, andits intersection with the convexregion Ps is a single
segment or empty. Thus that side crosses the boundary of P, at most twice. Across
nq sides there are at most 2n;, and a suitable thin convex ni-gon crossing a convex
ny-gon attains this bound.

Therefore, the correct answerisA.



31. Inthis diagram, not drawn to scale, figures | and lll are equilateral triangular regions
with respective areas of 324/3 and 84/3 square inches. Figure Il is a square region with

1
area 32 squareinches. Let the length of segment AD be decreased by 125% of itself,

while the lengths of AB and C'D remainunchanged. The percent decrease in the area
of the squareiis:

I 11 11
A B C D
A 121
2
B 25
c 50
D 75
E 871
2
Solution:

From (?)s2 = 32v/3, AB = 8v/2.The square has BC' = 44/2, and the smaller
equilateral triangle also has C D = 4+4/2.Thus AD = 16+/2. Decreasingit byé
removes 2+1/2 from BC, whose new lengthis 24/2. The square’s area falls from 32 to 8,
a'75% decrease.

Therefore, the correct answeris D.



32. A and B move uniformly along two straight paths intersecting at right angles in point
O.When Aisat O, Bis 500 yards short of O. In 2 minutes they are equidistant from O,
and in 8 minutes more they are again equidistant from O. Then the ratio of A’s speed
to B’s speediis:

A 4:5
B 5:6
c 2:3
D 5:8
E 1:2
Solution:

Letthe speedsof A, Bbewu,v.Att = 2,2u = 500 — 2v,sou + v = 250. Att = 10,
Bhaspassed O, and 10u = 10v — 500,sov — u = 50. Henceu = 100, v = 150,
andu:v =2:3.

Therefore, the correct answeris C.



33. Anumber [N has three digits when expressedinbase 7. When NV is expressedin base
9 the digits are reversed. Then the middle digit is:

A O

B 1

c 3

D 4

E 5
Solution:

Let N = (abc)7 = (cba)g.Then49a + 7b + ¢ = 81c + 9b + a,s024a — b = 40c.
Withl <a <6, 0 <b<6,and1 < ¢ < 6,theonlypossibilityisa = 5,¢ = 3,b =
0.Indeed, (503)7 = (305)9 = 248.

Therefore, the correct answerisA.



34. With 400 members voting, the House of Representatives defeated a bill. Are-vote,

with the same members voting, resulted in passage of the bill by twice the margin by
12

which it was originally defeated. The number voting for the bill on the re-vote was 11

of the numbervoting against it originally. How many more members voted for the bill
the second time than voted forit the first time?

A T5
B 60
cC 50
D 45
E 20
Solution:

Let F', G be the original and second numbers voting for the bill. The ratio condition
givesG = % (400 — F').The passage margin s twice the original defeat margin, so
2G — 400 = 2(400 — 2F),or G + 2F = 600. Solving gives F' = 180, G = 240, so
60 more members voted forit.

Therefore, the correct answeris B.



35. Inthis diagram the center of the circleis O, the radiusis a inches, chord EF'is parallel
tochordCD, O, G, H, J are collinear, and GG is the midpoint of C'D. Let K (square
inches) represent the area of trapezoid C D FE and let R (square inches) represent
the area of rectangle ELMF'. Then,as C D and EF are translated upward so that
OG increases toward the value a, while J H always equals HG, theratio K : R
becomes arbitrarily close to:

J
E F
H D
C
L G M
O a
A 0
B 1

1 N 1

D — —

V2 o2
1

E —=+1
V2
Solution:

LetJH = HG = £.ThenOG = a — 2z and OH = a — x.The half-chords are

GD =2+/z(a — x),

HF = +\/z(2a — x).



Since both figures have height x,

K z(GD+ HF)

R 2z(HF)
1 GD
~ 2 " 2HF’

As x approaches 0, the latter fraction approaches

2\/ax B 1
24/ 2ax \/§

i 141
Thus K : Rapproaches 7 + 5.

Therefore, the correct answeris D.
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