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1. If2isasolution (root) of 23 + hx + 10 = 0, then hequals:

A 10

B 9

c | 2

D -2

E -9
Solution:

Substituting the givenroot gives
2° +2h +10 = 0.

Thus2h = —18,so0h = —9.

Therefore, the correct answerisE.



2. Ittakes b secondsforaclockto strike 6 o’'clock beginning at 6:00 o’clock precisely. If
the strikings are uniformly spaced, how long, in seconds, does it take to strike 12

o’clock?
1
A 9—
3
B 10
C 11
2
D 14—
3

E none of these

Solution:

There are 5 equal intervals from the first of 6 strikes to the last, so eachinterval lasts 1
second. Twelve strikes contain 11 suchintervals and therefore take 11 seconds.

Thus, the correct answeris C.



3. Appliedtoabill for $10,000 the difference between a discount of 40% and two
successive discounts of 36% and 4%, expressed in dollars, is:

A0

B 144

C 256

D 400

E 416
Solution:

A 40% discountis $4000. The successive discounts total
3600 + 0.04(6400) = 3856.

Their difference is 4000 — 3856 = 144 dollars.

Therefore, the correct answeris B.



4. Eachoftwoangles of atriangleis 60° and the included sideis 4 inches. The area of the
triangle, in squareinches, is:

A 83

B 8
c 43
D 4

E 23

Solution:

The third angleis also 60°, so the triangle is equilateral with side 4. Its area is
g ) g

Thus, the correct answeris C.



5. The number of distinct points common to the graphs of £2 + y? = 9andy? = 9is:

A infinitely many

B four
C two
D one
E none
Solution:

Substitutiongives 2% + 9 = 9,sox = 0.Theny? = 9givesy = 3ory = —3.Hence
there are two common points.

Therefore, the correct answeris C.



6. Thecircumference of acircleis 100 inches. The side of a square inscribed in this circle,
expressedininches,is:

254/2

A
i

5 504/2
TT

100
C —_
T

5 100+/2

v

E 502

Solution:
The diameteris %. If the square has side s, its diagonal is s1/2, so
100
svV2 = —.
s

Therefore s = %.

Thus, the correct answeris B.



7. Circlelpassesthroughthe centerof, andis tangent to, circle ll. The area of circle lis 4
squareinches. Thenthe area of circlell, insquare inches, is:

A 8

B 8+v2

C 87

D 16

E | 16v2
Solution:

Because circle | passes through the center of circle ll, the distance between the
centers equals the radius r of circle |. Internal tangency also makes that distance R —

r,where Ris the radius of circle Il. Thus R = 27, and the areais multiplied by 22 = 4. It
istherefore4 - 4 = 16.

Thus, the correct answeris D.



8. Thenumber2.5252525...canbe written as afraction. Whenreduced to lowest terms
the sum of the numerator and denominator of this fractionis:

AT

B 29
c 141
D 349

E none of these

Solution:
We have

52 250
2.525252... =2+ — = —.
52525 +99 99

This fractionis already in lowest terms, and 250 + 99 = 349.

Therefore, the correct answeris D.



9. Thefraction

a? + b2 — c® + 2ab
a? +c?2 — b2+ 2ac

is (with suitable restrictions on the values of a, b, and ¢):

A irreducible
B reducibleto —1

C reducible to a polynomial of three terms

, a—b+c

D reducibleto —
at+b—c

at+b—c

E reducible to
a—b+c
Solution:
Factoring gives
a’ + b% — ¢ + 2ab
=(a+b—c)la+b+0),
a’ + 2 — b* 4 2ac
=(a—b+c)la+b+c).
Cancelling the common factor, under the stated suitable restrictions, leaves

a+b—c
a—b+c

Thus, the correct answerisE.



10. Given the following six statements:
(1) Allwomen are good drivers.

(2) Some women are good drivers.
(3) No men are good drivers.

(4) Allmen are bad drivers.

(5) Atleast one manis a bad driver.
(6) Allmen are good drivers.

The statement that negates statement (6) is:

A (1)
B (2)
c (3
D (4)
e (5)
Solution:

The negation of “Allmen are good drivers” is “At least one manis nota gooddriver.” In
the terminology of the choices, that is statement (5), “At least one manis a bad
driver.”

Therefore, the correct answerisE.



1. Foragivenvalue of k, the product of the roots of
2 2 _
x°—3kr+2k"—1=0
is 7. The roots may be characterized as:
A integral and positive
B integral and negative
C rational, but notintegral

D irrational

E imaginary

Solution:

By Vieta’s formulas, 2k% — 1 = 7,sok = +2.Therootsare 3 + v/2whenk = 2, and
—3 +1/2whenk = —2.Ineither case both roots are irrational.

Thus, the correct answeris D.



12. The locus of the centers of all circles of givenradius a, in the same plane, passing
through a fixed point, is:

A apoint

B a straightline

C two straightlines
D acircle

E two circles

Solution:

Acircle of radius a passes through the fixed point exactly whenits centeris distance a
fromthat point. The locus of all such centersis a circle of radius a.

Therefore, the correct answeris D.



13. The polygon(s)formedbyy = 3z 4+ 2,y = —3x + 2,andy = —2,is(are):
A an equilateral triangle
B anisoscelestriangle
C arighttriangle
D atriangle and a trapezoid

E a quadrilateral

Solution:

The slanted lines meet at (0, 2), while theirintersections withy = —2are (—3, —2)
and (% , —2). The latter two points are symmetric about the y-axis, so the two slanted
sides have equal length. The figure is anisosceles triangle.

Thus, the correct answeris B.



14. If a and bare real numbers, the equation3x — 5 + a = bx + 1 has aunigue solutionx
[the symbola # 0 means that a is different from zero]:

A forallaandb

B ifa#2b
c ifa#6
D  ifb#0
E ifb#3
Solution:

Rearranging gives
(3—b)z =6 —a.

This has a unique solution exactlywhen3 — b £ 0, orb # 3.

Thus, the correct answerisE.



15. Triangle lis equilateral with side A, perimeter P, area K, and circumradius R (radius of
the circumscribed circle). Triangle Il is equilateral with side a, perimeter p, area k, and
circumradius 7. If A is different froma, then:

A P:p= R:ronlysometimes
B P:p= R:ralways
C P:p= K : konlysometimes
D R:r=K:kalways
E  R:r= K : konlysometimes

Solution:

Forequilateral triangles, P = 3Aand R = %,with analogous formulas forpandr.
Therefore

P:p=A:a=R:r

for every such pair of triangles.

Thus, the correct answeris B.



16. Inthe numeration system with base 5, countingis as follows: 1,2, 3,4,10,11,12,13,
14, 20, . . . The number whose description in the decimal systemis 69, when described
inthe base 5 system, is a number with:

A two consecutive digits

B two non-consecutive digits
C three consecutive digits

D three non-consecutive digits

E four digits

Solution:

Since
69=2-254+3-5+414,

its base-b representationis 2345. Its three digits 2, 3, 4 are consecutive.

Therefore, the correct answeris C.



17. TheformulaN = 8 - 108 - 5 gives, fora certain group, the number of individuals
whoseincome exceeds x dollars. The lowest income, in dollars, of the wealthiest 800
individuals is at least:

A 104

B 106

c 108

D 102

E 10%
Solution:
At the cutoff,

800 = 8- 108z 3.

Hencez? = 10%,and raising both sides to the 2 power gives z = 10%.
’ 3

Thus, the correct answeris A.



18. The pair of equations 3*¥ = 81 and 81* Y = 3 has:

A no common solution

B  thesolutionz =2,y =2

1 1
C thesolutonz = 2=,y =1=
e solutionz 57Y 5

D acommon solutionin positive and negative integers

E none of these

Solution:
The first equation gives ¢ + y = 4. The second gives
g4@-y) — 3,

soxr —y = i.Thereforew =i andy = %.This pairis not listed among the first four

8
choices.

Thus, the correct answerisE.



19. Considerequationl: z + y + z = 46, where x, y, and z are positive integers, and

equationll:x +y + 2z + w = 46, where x, y, 2, and w are positive integers. Then:

A Icanbe solvedin consecutive integers

B Icanbe solvedin consecutive evenintegers

C IIcanbesolvedinconsecutiveintegers

D | IIcanbesolvedinconsecutive evenintegers

E  IIcanbesolvedinconsecutive oddintegers
Solution:

The sum of three consecutive integers is divisible by 3, so it cannot be 46. Four
consecutive integers beginning with n have sum4n + 6. Setting4n + 6 = 46 gives
n = 10, andindeed

10 +11 412 + 13 = 46.

Therefore, the correct answeris C.



20. The coefficient of 7 inthe expansion of

x? 2 s
-3

is:
A 56
B —56
c 14
D -—14
E 0
Solution:

The termusing k factors of — % has exponent

28 — k) — k = 16 — 3k.

", weneed k = 3.lIts coefficientis

() o=

Thus, the correct answeris D.

Toobtainx



21. The diagonal of square lis a + b. The perimeter of square |l with twice the area of | is:
A (a+b)?

B ﬁ(a—l— b)?

c  2a+b)

D 8(a+b)

E 4(a+0))
Solution:

2
A square with diagonal a 4 bhas area @ Square Il therefore has area (a + b)?, so

its sideisa + bandits perimeteris4(a + b).

Thus, the correct answerisE.



22. The equality (z + m)? — (z + n)?> = (m — n)?, where m and n are unequal non-
zero constants, is satisfled by x = am + bn where:

A a = 0, bhas aunique non-zero value
B a = 0,bhas two non-zero values
C b = 0, ahas aunique non-zero value
D b= 0,ahastwonon-zerovalues

E a and b each have a unique non-zero value

Solution:

Factoring and usingm # n gives

(m —n)(2z +m + n)

= (m —n)>.

Hence2x +m +n =m —n,sox = —n.Thusa = 0andb = —1, aunique nonzero
value.

Therefore, the correct answerisA.



23. Theradius R of a cylindrical boxis 8 inches, the height H is 3inches. The volume V' =
7 R? H is to be increased by the same fixed positive amount when R is increased by
inches as when H isincreased by x inches. This conditionis satisfied by:

A noreal value of

B oneintegral value of

C one rational, but notintegral, value of
D oneirrational value of

E tworealvalues of

Solution:

Increasing the radius changes the volume by
3r((8 +z)* — 8),
while increasing the height changes it by 64mx. Equating these gives

48z + 32° = 64z,

sox =0orx = ? .Theincrease must be positive, leaving one rational but
nonintegral value.

Thus, the correct answeris C.



24. Iflog,, 216 = x, where zisreal, thenzis:

A anon-square, non-cube integer

B anon-square, non-cube, non-integral rational number
C anirrational number

D aperfect square

E aperfect cube

Solution:

The equationis equivalent to
(2z)® = 216.

Since 216 = 63,2 = 3 satisfies the equation. To see it is the only admissible real
solution, note that the baserequiresz > 0and 2z # 1;0n0 < z < %,:L'In(2:1:) < 0,
while forz > %the function x In(2x) is strictly increasing. Thus ¢ = 3, anon-square,
non-cubeinteger.

Therefore, the correct answerisA.



25. Letm andn be any two odd numbers, withn less than m. The largest integer which

divides all possible numbers of the formm? — n2is:

A2

B 4

c 6

D 8

E 16
Solution:
We have

m? —n? = (m —n)(m + n).

Both factors are even, and one is divisible by 4, so every such difference is divisible by
8.Takingm = 3,n = 1givesm? — n? = 8, proving that no largerinteger always
dividesit.

Thus, the correct answerisD.



26. Find the set of x-values satisfying the inequality

5_
| Tl <o

[The symbol |a| means +aif a is positive, —a if a is negative, 0if ais zero. The notation
1 < a < 2meansthata canhave anyvalue between 1 and 2, excluding 1 and 2.]

A l<z<1l

B —-1<z<l1l

c xz<11

D x>11

E  |z| <6
Solution:

The inequality is equivalent to
15— x| <6,
so—6 < 5 — x < 6. Subtracting 5 andreversing signs as needed gives

-1 <z <11

Therefore, the correct answeris B.



27. Let S be the sum of the interior angles of a polygon P for which eachinterior angle is

1
75 times the exterior angle at the same vertex. Then:

A 8§ =2660°and P mayberegular
B S = 2660°and Pisnotregular
Cc S =2700°and Pisregular

D S =2700°and Pisnotregular

E S =2700°and P mayormaynotberegular

Solution:

If an exteriorangleis e, then

15 .
e + 762180,

360°

soe = 17

. Since the exterior angles total 360°, the polygon has 17 vertices and
S = (17 — 2)180° = 2700°.

Allits angles are equal, but its sides need not be equal, so it may or may not be regular.

Thus, the correct answerisE.



28. The equation

has:

A infinitely many integral roots
B noroot

C oneintegral root

D two equalintegral roots

E two equal non-integral roots

Solution:

Forx # 3, subtracting the identical fractions from both sides leaves x = 3.Butx = 3
makes the original denominators zero, soitis not in the domain. The equation has no
root.

Therefore, the correct answeris B.



29. Five times A’s money added to B’s money is more than $51.00. Three times A’s
money minus B’s money is $21.00. If a represents A’s money indollarsand b
represents B’s money in dollars, then:

A a>9,b>6

B a>9,b < 6

C | a>9b=6

D a>9, but we can put noboundsonb

E 2a = 3b

Solution:

From3a — b = 21,we have b = 3a — 21. Substitutioninto the inequality gives
b5a + 3a — 21 > 51,

soa > 9.ltfollowsthatb = 3a — 21 > 6.

Thus, the correct answeris A.



30. Giventheline 3z + 5y = 15 and a point on this line equidistant from the coordinate
axes. Such a point existsin:

A none of the quadrants
B = quadrantIonly

C quadrantsI, I only

D | quadrantsI,II, III only

E each of the quadrants

Solution:

Fory = x,theline gives 8x = 15, producing apointinquadrantl. Fory = —z, it
gives —2z = 15,sox < 0andy > 0, producing a pointin quadrant|l. There are no
otherpossibilities.

Therefore, the correct answeris C.



31. Forz? + 2z + 5tobe afactorof x* + px? + g, the values of pand g must be,
respectively:

A —2,5
B | 5,25
c 10,20
D 6,25
E 14,25
Solution:

Modulo 2 4 2z + 5,wehave 22 = —2z — 5. Then
3 =10 — z, zt =12z + 5.
Thus
z* + px? + ¢
= (12 —2p)z + (5 — 5p + q).
Both coefficients vanishwhenp = 6 and g = 25.

Therefore, the correct answeris D.



32. Inthis figure the center of the circleis O. AB | BC, ADOE is astraight line, AP =
AD,and AB has alength twice the radius. Then:

A AP’ —-DPB-AB

B AP-DO=PB-AD

c AB’=4D-DE

D AB-AD=0B-AO

E none of these

Solution:

Let the radius be r. Since AB istangent at B,
AB? = AD - AE.

Write AD = t.Because the secant passes throughthe center, AE = t + 2r, while
AB = 2r.Hence

t(t +2r) = 4r%

Also AP = AD = tand PB = AB — AP = 2r — t.Thedisplayed equation
rearranges to

t? =2r(2r —t) = PB - AB.

Therefore AP?2 = PB - AB.

Thus, the correct answeris A.



33. You are given a sequence of 58 terms; each term has the form P + n where P stands
forthe product2 -3 -5---61 of allprime numbers (a prime numberis a number
divisible only by 1 anditself) less than orequal to 61, and n takes, successively, the

values 2,3,4,...,59.Let N be the number of primes appearing in this sequence.
Then N is:

A 0

B 16

c | 17

D 57

E 58
Solution:

Foreachninthe givenrange, choose a prime divisor p of n. Since p < 59, itis one of
the factors of P. Therefore pdivides P + n.Moreover P +n > p,so P + nis
composite. No termis prime,and N = 0.

Thus, the correct answeris A.



34. Two swimmers, at opposite ends of a 90-foot pool, start to swim the length of the
pool, one at the rate of 3 feet per second, the other at 2 feet per second. They swim
back and forth for 12 minutes. Allowing no loss of time at the turns, find the number of
times they pass each other.

A 24
B 21
c 20
D 19
E 18
Solution:

Reflecting the pool atits ends turns each back-and-forth pathinto straight motion.
Interior meetings satisfy

3t = 90 — 2t + 180k,

sot = 18 4+ 36k.For0 < t < 720,thevaluesk =0, 1,...,19give 20 meetings. The
other congruence gives simultaneous arrivals at an endpoint, where the swimmers
turnratherthan pass each other.

Therefore, the correct answeris C.



35. From point P outside a circle, with a circumference of 10 units, a tangent is drawn.
Also from P asecantis drawn dividing the circle into unequal arcs with lengths m and
n.Itis found that ¢, the length of the tangent, is the mean proportional between m and
n.lf mandft are integers, thent may have the following number of values:

A zero
B one
C two
D three

E infinitely many

Solution:

The arc lengths satisfy m + n = 10, while the mean-proportional condition gives
t? = mn = m(10 — m).

Forintegralm from 1 through 9, the possible products, up to symmetry, are
9,16, 21,24, 25.Thelast comes from equalarcsm = n = 5 andis excluded. The
remaining squares givet = 3andt = 4, twovalues.

Thus, the correct answeris C.



36. Let s, S9, 83 be therespective sums of n, 2n, 3n terms of the same arithmetic
progression with a as the first term and d as the common difference. Let R = s3 —
$9 — 81.Then Ris dependent on:

A | aandd
B dandn
C aandn
D a,d,andn

E neitheranordnorn

Solution:
Using the arithmetic-series formula,

_n

5 (2a + (jn — 1)d).

Sj

Ins3 — s9 — 81, the coefficientofais3n — 2n — n = 0. Simplifying the remaining
terms gives

R = 2n%d.
Thus R dependsondandn, butnotona.

Therefore, the correct answeris B.



37. The base of atriangle is of length b, and the altitude is of length h. Arectangle of
height z isinscribed in the triangle with the base of the rectangle in the base of the
triangle. The area of therectangleis:

bx
A T(h —x)
hx
bx
D  z(b—x)
E  x(h—x)
Solution:

The cross-section parallel to the base at height  has width

b(h —
b(1-2) - b(h —z)
h h
by similarity. Multiplying by the rectangle’s height « gives

bx

: (h — z).

Thus, the correct answeris A.



38. Inthisdiagram AB and AC are the equal sides of anisosceles triangle ABC', inwhich
isinscribed equilateral triangle D EF'. Designate angle BF' D by a, angle ADE by b,
and angle FEC by c. Then:

A
FE
b
D
B F c
a-+c
A b=
2
a—c
B b=
2
c _b—c
9=
5 azb—!—c
2

E none of these

Solution:

Let each base angle of ABC be 0. Measured from the direction BC', the line F'D has
direction 180° — a, so the equilateral condition makes D E have direction 60° — a. At
D,

b=6—(60°—a)=0—60"+a.
Similarly, angle chasing at E gives
c=060"+a—0.

Adding these equationsyieldsb + ¢ = 2a.



Thereforea = %, and the correct answerisD.

39. To satisfy the equation

a—i—b_ b
a a-+b

9
a and bmust be:

A bothrational

B bothreal but not rational
C both notreal

D onereal, one notreal

E onereal, onenotreal orbothnotreal

Solution:
The denominatorsrequirea # 0anda + b # 0. Settingt = g and cross-multiplying
gives

(1+1t)?=t,

ort? +t 4+ 1 = 0.Itsdiscriminantis —3, so tis not real. Therefore @ and b cannot both
be real. Depending on the nonzero complex scale chosen fora, one canberealand
the othernonreal, orboth canbe nonreal.

Thus, the correct answerisE.



40. Givenright triangle ABC with IegsB_C =3, AC = 4.Findthe length of the shorter
angle trisector from C to the hypotenuse:

L o32v3-2
13
s | 12v3-9
13
C 6v3-38
5 | 5V10
6
25
E —_
6
Solution:
Place C = (0,0),B = (3,0), A = (0,4).The hypotenuse has equation § + ¥ =1
The 30° trisectorrayisy = % Substitution gives
. 12v/3
4/3+3
ltslengthis —%5 = %,hence
24 323 -
4v/3+3 13

The 60° ray gives the longer trisector.

Thus, the correct answeris A.
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