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1. Which one of the following pointsis not on the graph of y = n 1?
T
A (0,0)
1
e ()
o 11
2’3
D (-1,1)
E  (—2,2)
Solution:
The expression xiﬂ isundefinedwhenx = —1. Therefore no point whose first

coordinateis —1 canlie onits graph.

Thus, the correct answeris D.



2. letn=a —y* Y. Findnwhenz = 2andy = —2.

A —14

B O

c 1

D 18

E 256
Solution:

Herex —y =2 — (—2) = 4,s0
n=2-(-2*=2-16=—14.

Therefore, the correct answerisA.

3. Ifthereciprocalofz 4+ lisz — 1,thenz equals:

A0
B 1
c -1
D | =1

E none of these

Solution:

1

The equationis =5 = — 1.Hencel = 22 — 1, soz = ++/2. Neithervalue s listed.

Thus, the correct answerisE.



4. Forwhatvalue(s) of k does the pair of equationsy = z2 andy = 3z + k have two
identical solutions?

4
A —_
9
4
B —
9
9
C —_
4
9
D —
4
9 9
E —or — —
4
Solution:

Intersections satisfy z? — 3z — k = 0. Twoidentical solutions require

(—3)% —4(1)(—k) =9+ 4k =0,

9

givingk = —3

Therefore, the correct answerisD.



5. Ifzandlog,, x arerealnumbersandlog;, z < 0, then:

A x<0

B —-l<ax<l1
C O<zx<l1
D —-1<z<0

E O<z<l

Solution:

The logarithmisreal only forz > 0. Since base 10is greaterthan1,log;, z < 0 =
logqy limpliesz < 1.

Thus, the correct answerisE.



6. Triangle BAD isright-angledat B. On AD thereis apoint C forwhich AC = CD
and AB = BC.The magnitude of angle DAB, in degrees, is:

1
A 67—
2
B 60
CcC 45
D 30
1
E 22—
2
Solution:

Since C'is the midpoint of hypotenuse AD, AC' = BC = CD.Given AB = BC,
triangle ABC'is equilateral. Thus /ZDAB = ZCAB = 60°.

Therefore, the correct answeris B.



7. Giventhe fourequations:

(1) 3y —2z =12,
(2) —2z—3y=10,
(3) 3y—+2zx=12,
(4) 2y + 3z = 10.

The pairrepresenting perpendicularlinesiis:
A (1)and(4)
B (1)and(3)
Cc  (1)and(2)
D (2)and(4)
E  (2)and(3)

Solution:

Line (1) has slope 2, andline (4) has slope — 3. Their productis —1, so these twolines
are perpendicular.

Thus, the correct answeris A.



8. The smallest positive integer x forwhich 1260z = N3, where N is aninteger, is:

A 1050
B 1260
c | 12607
D 7350
E 44,100
Solution:

Since 1260 = 22 - 32 . 5 - 7, the least multiplier making every exponent divisible by 3 is
2-3-5%. 7% = 7350.

Thus, the correct answeris D.



7
1
Inthe expansion of (a — —> the coefficient of a3 is:

Ja

A =T

B 7

c 21

D 21

E 35
Solution:

The termusing —a"? exactly r times has exponent7 —r — 5 =7 — 3—; Setting this

to—1 givesr = 5. Its coefficient s (7) (—1)® = —21.

Therefore, the correct answeris C.



10. Point P is takeninterior to a square with side-length a and such that it is equally distant
from two consecutive vertices and from the side opposite these vertices. If d
represents the common distance, thend equals:

3a

A —_
5

5 Ha
8

c 3a
8

D _a\@

2
e | 2
2

Solution:

Place the opposite side at height 0 and the two vertices at height a. Then P = (‘5‘ ,d).
Equality of the vertex distance and d gives

(g)z +(a—d)? =&

2
SO 5% = 2adandd = %".

Thus, the correct answeris B.



11. The arithmetic mean of a set of 50 numbersis 38. If two numbers of the set, namely 45
and 55, are discarded, the arithmetic mean of the remaining set of numbersis:

A | 38.5
B 37.5
c 37
D  36.5
E 36
Solution:

The original sumis 50 - 38 = 1900. Afterremoving 45 + 55 = 100, the remaining sum

is 1800, so the new meanis %20 = 37.5.

Thus, the correct answeris B.



12. Three vertices of parallelogram PQRS are P(—3, —2),Q(1, —5), R(9, 1) with P and
R diagonally opposite. The sum of the coordinates of vertex S is:

A 13
B 12
C 11
D 10
E 9
Solution:

SinceP+ R=Q + S,

S=P+R-Q
- (_37 _2) + (9, ]-) T (17 _5)
— (5,4).

The coordinate sumisb +4 = 9.

Therefore, the correct answerisE.



13. 1f 2% 4+ 20 = 3¢ + 3%, the number of integers a, b, ¢, d which can possibly be negative

is, at most:
A4
B 3
c 2
D 1
E O
Solution:

Inlowest terms, the left side can have only a power of 2 inits denominator, while the
right side can have only a power of 3. Equality therefore forces both sides to be
integers. If either c or d were negative, 3¢ + 3¢ would retain a factor 3inits
denominator. Thus ¢, d > 0.

Likewise, negative a or b can give anintegeronly in the exceptionalcasea = b = —1,
whose sumis 1. But 3¢ + 3¢ > 2.Hencea, b > 0as well, so none can be negative.

Thus, the correct answerisE.



14. Giventhe equations z2 + kz + 6 = 0and 22 — kz + 6 = 0. If, when the roots of the
equations are suitably listed, eachroot of the second equationis 5 more than the
corresponding root of the first equation, then k equals:

A 5
B —5
c 7
D 7

E none of these

Solution:

The first pair of roots has sum —k, while the second has sum k. Since bothroots
increaseby b,k = —k + 10,sok = 5.

Therefore, the correct answerisA.



15. Acircleisinscribedin anequilateral triangle, and a square isinscribedin the circle. The
ratio of the area of the triangle to the area of the squareis:

A V3:1
V3:4/2
cC 3v3:2
D 3:v2
E 3:22

uy)

Solution:

If the circle has radius r, the equilateral triangle has side 2\/§r and area 3\/§7~2. The
square has side r+/2 and area 2r2. The ratiois 34/3 : 2.

Thus, the correct answeris C.



16. Three numbers a, b, c, none zero, form an arithmetic progression. Increasinga by 1 or
increasing c by 2 results in a geometric progression. Then bequals:

A 16
B 14
C 12
D 10
E 8
Solution:

The conditions give

2b=a + c,
b = (a+1)c, b’ = a(c+ 2).

Comparing the last two yields ¢ = 2a.Thusb = 3%, and gTaz = 2a(a + 1).Sincea #
0,a = 8,s0b =12.

Therefore, the correct answeris C.



17. The expression

a
4 Yy
aty a—y
Y a >
at+y a—vy

areal,a # 0, hasthe value —1 for:

A allbut two real values of y
B = onlytworealvaluesofy
C  allrealvaluesofy

D  onlyonerealvalue ofy

E norealvalues of y

Solution:
2 2
Fory # =a, the numerator simplifies to %% and the denominator to its negative.
’ a2y
Their quotientis therefore —1. The twovaluesy = aandy = —a are undefined.

Thus, the correct answeris A.



18. Chord E'F'is the perpendicular bisector of chord BC, intersectingitin M. Between B
and M point U is taken, and EU extended meets the circle in A. Then, forany
selection of U, as described, triangle EU M is similar to triangle:

A EFA
B EFC
c ABM
D ABU
E FMC
Solution:

P
A
M
B&/c
£

Since EF'isadiameter, ZEAF = 90°.Also EF' 1 BC,so ZEMU = 90°. Because
E,U, Aare collinear, the two triangles share the same acute angle at E'. Hence

AEUM ~ AEFA.

Therefore, the correct answerisA.



19. Incounting n colored balls, some red and some black, it was found that 49 of the first
50 counted were red. Thereafter, 7 out of every 8 counted were red. If, in all, 90% or
more of the balls counted were red, the maximum value of nis:

A 225
B 210
c 200
D 180
E 175
Solution:

The conditionis

7 9
49 + L(n — 50) > —n.
Fg(n=50) = fn

Simplifying gives % > 15,s0n < 210. The maximumis 210.

Thus, the correct answeris B.



20. Two men at points Rand S, 76 miles apart, set out at the same time to walk towards

1
each other. The man at R walks uniformly at 45 miles per hour; the man at S walks at

1
SZ miles perhour for the first hour, at 34_1 miles per hour for the second hour, and so

on, in arithmetic progression. If the men meet x miles nearer R than S'in anintegral
number of hours, then z is:

A 10

B 8

cC 6

D 4

E 2
Solution:

In h hours the first man walks %. The second walks an arithmetic-series total

2(2-14—3+(h—1)%)

2

—3h+ .
A

Their distances sum to 76, giving h% + 30h — 304 = 0, whose positive rootis h = 8.
They walk 36 and 40 miles, so the meeting pointis 4 miles nearer Rthan S.

Thus, the correct answeris D.



21. The expressionz? — y? — 22 + 2yz + = + y — zhas:

A no linear factor with integer coefficients and integer exponents
B thefactor—x +y + 2z
Cc thefactorx —y—z+1
D thefactorzr+y—2+1
E thefactorc —y+2z+1
Solution:

Letu = y — z.The two groups factor as

2’ —ul = (z +u)(z —u),

rz+u=(x+u)- L

Thus the whole expressionis (z + u)(x — u + 1),and onefactorisz — y + z + 1.

Therefore, the correct answerisE.



22. Acute-angled triangle ABC'is inscribed in a circle with centerat O; AB = 120° and

BC = 72°. Apoint E'is takenin minorarc AC suchthat OF is perpendicularto AC.
Then the ratio of the magnitudes of angles OBE and BAC'is:

5%
A —
18
2
B —
9
1
C —
4
1
D —
3
4
E —
9
Solution:

Minorarc AC' has measure 360° — 120° — 72° = 168°.Since OFE | AC, E bisects
thatarc,so ZBOFE = 72° + 84° = 156°. Isosceles triangle OBE gives ZOBE =

12°,while /ZBAC = 2 = 36°.Theirratiois 1.

Thus, the correct answerisD.



23. AgivesBasmany centsas Bhas and C as many cents as C has. Similarly, Bthen gives A
and C as many cents as each then has. C, similarly, then gives Aand B as many cents as
each thenhas. If each finally has 16 cents, with how many cents does A start?

A 24
B 26
c 28
D 30
E 32
Solution:

Reverse the transactions. Before C gives, the holdings are (8, 8, 32). Before B gives,
they are (4, 28, 16). Before A gives, B and C must have had 14 and 8, while Ahad 4 +
14 + 8 = 26.

Therefore, the correct answeris B.



24. Consider equations of the form 22 + bz + ¢ = 0. How many such equations have real
roots and have coefficients band c selected from the set of integers {1, 2, 3,4,5,6}?

A 20
B 19
c 18
D 17
E 16
Solution:

Forc =1,2,3,4,5, 6,the conditionb® > 4cpermits respectively 5,4, 3,3, 2, 2
values of binthe givenset. Theirsumisb+4+3+3+2+ 2 =19.

Thus, the correct answeris B.



25. Point F'is takeninside AD of square ABC D. At C a perpendicularis drawnto CF',
meeting AB extended at E/. The area of ABC' D is 256 square inches and the area of
triangle CEF'is 200 square inches. Then the number of inchesin BE is:

D C
F
A B E
A 12
B 14
C 15
D 16
E 20
Solution:

The complementary acute angles and the equal square sides give ACDF' =
ACBE,hence CF = CE.SinceCF 1L CFE,

1
200 = [CEF] = ;CE - CF

1
= -CFE?,
2

so CE = 20.The square sideis 16, and right triangle CBE gives BE =

V202 — 162 = 12.

Therefore, the correct answeris A.



26. Form|l. Consider the statements

(1) pA—gAT,
(2) -pA-gAT,
(3) pA—gA -,
(4) —pAgAT,

where p, g, r are propositions. How many of these imply the truth of (p — q) — 77

Forml. Equivalently, test the four corresponding truth assignments against the
statement “risimplied by the statement that pimplies qg.”

A0
B 1
c 2
D 3
E 4
Solution:

Incases (1) and (3),p — qisfalse, so the outerimplicationis true. In cases (2) and
(4),p — qistrue, butrisalso true, so the outerimplication is again true. All four
statementsimply it.

Thus, the correct answerisE.



27. Six straightlines are drawnin a plane with no two parallel and no three concurrent. The
number of regions into which they divide the planeis:

A 16
B 20
c 22
D 24
E 26
Solution:
Successivelinescreate 1, 2, ..., 6 newregions. Thus the totalis

6
1+Zk:1+21:22.
k=1

Therefore, the correct answeris C.



28. Giventhe equation 322 — 4z + k = O withrealroots. The value of k for which the
product of the roots of the equationis a maximumis:

16
A -
9
16
B —_
3
4
C —
9
4
D —
3
4
E _—
3
Solution:

Realrootsrequire 16 — 12k > 0,s0k < %.The root productis %,which increases
with k. Itis therefore largestatk = %.

Thus, the correct answerisD.



29. A particle projected vertically upward reaches, at the end of £ seconds, an elevation of
sfeetwhere s = 160t — 16¢2. The highest elevationiis:

A 800
B 640
c 400
D 320
E 160
Solution:
The vertexoccursatt = —% = 5.Then

s(5) = 160(5) — 16(25) = 400.

Thus, the correct answeris C.



30. Let

1+
leog1 :c.
—x

Find a new function GG by replacing each x in F' by

3z + 23
1+ 322’

and simplify. The simplified expression GG is equal to:

A —F

B F

c 3F

p F3

E F3—F
Solution:
Foru = {2427,

1+u 1+ 3x+ 322+ 23
l1—u 1—3x4+ 322 — 23

[ 1+= 3
S \1—-z)

Therefore G = log(}f—i):‘,soG = 3F.

Thus, the correct answeris C.



31. The number of solutions in positive integers of 2 + 3y = 763 is:

A | 255
B 254
c 128
D 127
E O
Solution:

We need y odd so that 763 — 3y is even, and positivity gives 1 < y < 253. The odd
values 1,3, ..., 253 number 23t — 127,

Therefore, the correct answeris D.



32. The dimensions of arectangle Rareaandb, a < b. Itisrequiredto obtain arectangle
with dimensionszandy, z < a,y < a, so thatits perimeteris one-third that of R,
andits areais one-third that of R. The number of such (different) rectanglesis:

A O
B 1
c 2
D 4
E infinitely many

Solution:
The conditions give 3(x + y) = a + band 3zy = ab. Dividing yields
1 1 1 1

r y a b
Butz,y < amakestheleftside greaterthan %,whilea < bmakes theright side less
than %.This isimpossible.

Thus, the correct answerisA.



3
33. Giventhe line Y = Zw + 6 and aline L parallel to the givenline and 4 units fromit. A

possible equation for L is:

3

3

D = —x—1
Y71
3

Solution:

The givenlineis 3x — 4y + 24 = 0. Aparallelliney = ?jT‘” + bis3xz — 4y + 4b = 0, s0
the distance is |24—g4b|. Setting this equalto 4 gives |6 — b| = 5,henceb = lor1l.
Choice Ais possible.

Thus, the correct answeris A.



34. Intriangle ABC, side a = 1/3,sideb = /3, andside ¢ > 3. Letz be the largest
number such that the magnitude, in degrees, of the angle opposite side cexceeds x.
Then x equals:

A 150
B 120
c 105
D 90
E 60
Solution:

The law of cosines gives

2 2
COSO,:3—|—3 C :6 c.

2v/3+/3 6

Sincec > 3,cos C' < —%, soC' > 120°. Values can approach 120° as c approaches
3 from above, so the largest guaranteed bound s 120.

Therefore, the correct answeris B.



35. The lengths of the sides of atriangle are integers, andits areais also aninteger. One
sideis 21 and the perimeteris 48. The shortest side is:

A 8

B 10

c 12

D 14

E 16
Solution:

Let the othersidesbe ¢ and 27 — x, withxz < 27 — 2. The semiperimeteris 24, so
Heron’s formula gives

K?=24-3(24 —z)(z —3)
=T72(24 — z)(z — 3).

The triangle inequalities give 4 < x < 13. Checking these integers, the expressionis
notasquareforz = 4,...,9,whileatz = 10itis72 - 14 - 7 = 7056 = 842. Thus the
shortest sideis 10.

Therefore, the correct answeris B.



36. Aperson starting with 64 cents and making 6 bets, wins three times and loses three
times, the wins andlosses occurringinrandom order. The chance forawinis equal to
the chance foraloss. If eachwageris for half the money remaining at the time of the
bet, thenthe finalresultis:

A | alossof27¢
B  againof27¢
C alossof37¢
D neitheragainnoraloss

E againoraloss depending upon the orderin which the wins and losses occur

Solution:

Afterthree wins and three losses the amountis
3\* /1\° 27
64 | = — =64 —
() (3) =55
= 27 cents.

Thelossis 64 — 27 = 37 cents, regardless of order.

Thus, the correct answeris C.



37. Givenpoints P;, P, ..., P;yonastraightline, in the order stated (not necessarily
evenly spaced). Let P be an arbitrarily selected point on the line and let s be the sum
of the undirected lengths

PP, PP,, ..., PP,

Then sis smallestif and only if the point Pis:

A | midway between P; and P;
B midway between P, and P

C = midwaybetween P; and Ps

D at Py
E at P;
Solution:

Forany pair P;, Py_;,the sum PP; + PP;_;isminimized when P lies between them.
The three suchintervals all contain Py. The remaining term P Py is uniquely minimized
at P = Py.

Thus, the correct answeris D.



38. Point F'is taken on the extension of side AD of parallelogram ABC D. BF intersects
diagonal AC at E andside DC atG.If EF = 32and GF = 24, then BFE equals:

F
5 G C
A B
A 4
B 8
C 10
D 12
E 16
Solution:

Use affine coordinates A = 0,B = u, D = v,C = u + v,and F' = tv. Apointon
FBissu + t(1 — s)v.Intersecting DC gives s¢g = 7%,while intersecting AC gives
Sp = H%.Therefore

GF S_G_t2—1

EF  sg 12
24 3

T 32 4’

sot = 2andsg = 2.Thus EF = (%) FB = 32, making FB = 48and BE = 16.

Therefore, the correct answerisE.



CD 3 AFE
39 In triangle ABC'lines CE and AD are drawn so that — = — and ZB -

3
DB 1 2

CcP
Letr = ﬁ,where Pistheintersection pointof CE and AD.Thenr equals:

C
D
P
A E B
A 3
3
B —_
2
C 4
D 5
5
E —
2
Solution:

Theratio AE : EB = 3 : 2isrepresented by massesmy4 = 2, mp = 3.Theratio

CD : DB = 3 : 1thengivesmg = 1.Point Ehasmassmy4 + mp = 5,soalong
cevianCE,

¢r _me
PE_mc

5
I_S'

Thus, the correct answerisD.



40. If z is anumber satisfying the equation v/ + 9 — /z — 9 = 3, thenz?is between:

A 55and65
B 65and75
C T75and85
D 85and95
E  95and 105
Solution:

Letu = \/z + 9andv = /£ — 9.Thenu — v = 3and

18 = u® —°

= (u—v)(u® + uv + v?),

sou? + uv + v* = 6. Comparingwith (u — v)? = 9givesuv = —1.Hence (u +
v)? = 5. Cubing 2u = 3 & \/ggivesa: — +44/5,and eitherway z? = 80, between
75 and 85.

Therefore, the correct answeris C.
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