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1. Ifx #0ordandy # Oor6,then% + % = %isequivalentto

A dx+ 3y ==xy
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E none of these

Solution:
Multiplying by 2zy gives 4y + 6x = xy,so4dy = z(y — 6). Sincey # 6,

4y

Therefore, the correct answeris D.



2. Letx;andzs besuchthatx; # s and 3:1:22 — hx; = b,i = 1,2.Thenz; + x5 equals

=
B 3
e
D 2b
=
Solution:

The distinct numbers x1, x5 are the two roots of
322 — hz — b= 0.

ByVieta’sformulas,theirsumis—(_3h) = %

Therefore, the correct answeris B.



3. The coefficientof 7 inthe polynomial expansion of

(1422 — z?)*
is
A -8
B 12
c 6
D —12

E none of these

Solution:

The only way four selected terms can have total degree 7 is to choose 2x once and
—22 three times. There are 4 choices for the first factor, so the coefficient is

4(2)(—1)* = -8.

Therefore, the correct answerisA.



4. Whatisthe remainderwhen 2®! + 51isdividedbyz 4 1?

A0

B 1

c 49

D 50

E 51
Solution:

By the polynomial remainder theorem, the remainderis
(—1)> +51 = —1+ 51 = 50.

Therefore, the correct answerisD.



5. Givenaquadrilateral ABC D inscribedin a circle with side AB extended beyond B to
point E,if /BAD = 92°and ZADC = 68°,find ZEBC.

A 66°
B 68
c 70°
D 8%°
E 92°
Solution:

Because ABC' Discyclic, ZABC + ZADC = 180°. Since BE extends BA,
/EBC + ZABC = 180° as well. Hence

/ZEBC = ZADC = 68°.

The given 92° angle is unnecessary.

Therefore, the correct answeris B.



6. Forpositiverealnumbersz andydefinez x y = —%;then

x4y’
A “x” is commutative but not associative
B “x” is associative but not commutative
C “x” is neither commutative nor associative
D “x” is commutative and associative

E none of these

Solution:
Symmetryinz, y makes the operation commutative. Also,

1 1 1

Txy T Y
Thusboth (z * y) * zand x * (y * z) have reciprocal % + % + %, so they are equal.
The operationis associative too.

Therefore, the correct answeris D.



7. Atown’spopulationincreased by 1,200 people, and then this new population
decreased by 11%. The town now had 32 less people than it did before the 1,200
increase. What is the original population?

A 1,200
B 11,200
c 9,968
D 10,000

E none of these

Solution:

Let the original populationbe P. Then
0.89(P + 1200) = P — 32.

Therefore 0.11 P = 1100, giving P = 10,000.

Therefore, the correct answeris D.



8. Whatis the smallest prime number dividing the sum 31! + 513?

A 2
B 3
cC | 5
D 311 + 513

E none of these

Solution:

Both 3! and 5!3 are odd, so their sumis even. Hence it is divisible by 2, the smallest
prime.

Therefore, the correct answerisA.



9. Theintegers greaterthan one are arranged in five columns as follows:

2345
9876

10111213
17161514

(Four consecutive integers appearin eachrow; in the first, third and otherodd
numbered rows, the integers appearin the last four columns and increase fromleft to
right; in the second, fourth and other even numbered rows, the integers appearin the
first four columns andincrease fromright to left.)

In which column will the number 1,000 fall?

A first

B second

C | third

D fourth

E  fifth
Solution:

Each pairof rowsis arepeating block of eight integers. In every such block, its multiple
of 8 liesin the second column, as do 8 and 16. Since 1000 = 125 - §,italsoliesinthe
second column.

Therefore, the correct answeris B.



10. What is the smallest integral value of k such that
2z(kx —4) —2°+6=0

has noreal roots?

A —1

B 2

c 3

D 4

E 5
Solution:

The equationis (2k — 1)z% — 8z + 6 = 0. Its discriminant is
64 — 24(2k — 1) = 88 — 48k.

Thisis negative exactly when k > %1, so theleastinteger possibleis 2.

Therefore, the correct answeris B.



1. If (a,b) and (c, d) are two points on the line whose equationisy = mx + k, thenthe
distance between (a, b) and (¢, d), interms of a, ¢, and m, is

A Ja—cV1+m?
la + c|v1+ m?

la—c|
C V1+m?2
ja =

(14 m?)

Solution:

Since both points are ontheline,b — d = m(a — ¢). Their distance is therefore

= +/(a—c)?+ (b—d)?
= +/(a —¢)%(1 + m?2)
= la — c|V 1+ m?.

Therefore, the correct answerisA.




12. ifg(z) = 1 — z?and f(g(z)) = 12" \vhen # 0,then f(3) equals

22
N
B 1
c 3

E V2

Solution:

Ifg(x) = %,then r? = %,and either corresponding x is nonzero. Hence

= 1.

N—"
I
I
TP NI

Therefore, the correct answeris B.



13. Which of the following is equivalent to “If Pis true then Q) is false”?

A “Pistrueor(@isfalse.”

B “IfQisfalsethen Pistrue.”
C  ‘“If Pisfalsethen@Qistrue.”
D “IfQistruethen Pisfalse.”

E “IfQistruethen Pistrue.”

Solution:

The contrapositive of “ P true implies () false” is “@ not false implies P not true.” This is
exactly “If Q is true then Pis false.”

Therefore, the correct answerisD.

14. Which statementis correct?

A Ifz <0,thenz? > .
B Ifz? > 0,thenz > 0.
c | Ifz? > x,thenz > 0.
D | Ifz? > z,thenz < 0.

E Ifz < 1,thenz? < .

Solution:

Ifz < 0,thenz? > 0 > z,sochoice Aalwaysholds. Thevaluesz = —1,z = —1,
x = 2,andx = —1respectively disprove B, C,D, and E.

Therefore, the correct answerisA.



15. If £ < —2then |1 — |1 + z|| equals

A 24z
B —2-=z
C x
D —T
E —2
Solution:
Sincex < —2,1+x < 0,s0|1+z| = —1 — z.Thus |1 — |1 + z|| becomes |1 —

(—1 — x)|,whichis|2 + x| = —2 — xbecause2 + = < 0.

Therefore, the correct answeris B.



16. Acircle of radius risinscribedin arightisosceles triangle, and a circle of radius R is
circumscribed about the triangle. Then % equals

A 1+42
PN

Solution:

Withlegs a, a and hypotenuse a\/i,
av/2
—’

2
a—|—a—a\/§

R =

Therefore

3| =
5&

1

b

Therefore, the correct answerisA.



17. Ifi2 = —1,then (1 +4)% — (1 — i)® equals

A —1024
B —1024:
c 0
D 1024
E  1024:
Solution:
Since (1 +4)? = 2i,wehave (1 + i)* = —4. Likewise (1 —i)?> = —2iand (1 —
i)* = —4.Hence each twentieth power equals (—4)® = —1024, and their difference
is0.

Therefore, the correct answeris C.



18. Iflogg 3 = pandlogsy 5 = g, then, interms of pand g, log;, 5 equals

A bq

B 3p;rq
1+3pq

C | e

3pq
D 1+3pq
E p*+¢
Solution:

Fromp = logg 3,log, 3 = 3p. Therefore
log, 5 = (log, 3)(logs 5) = 3pg.
Sincelog, 10 =1 + log, 5 = 1 + 3pg,

log,5  3pg
log, 10 1+ 3pq’

logyy5 =

Therefore, the correct answerisD.



19. Inthe adjoining figure ABC D is a square and CMN is an equilateral triangle. If the
area of ABC'D is one square inch, thenthe area of CMN insquare inchesiis

D C
M

A 2v/3-3

V3

B 3
V3
c 7
NG
D 3

Solution:

The square has side 1. Since CM = CN, symmetry of their squared lengths gives
DM = NB = x.Also,

CM? =1+ 22,
MN? =2(1 — z)2

Equating these because CMN is equilateral gives 22 — 4z + 1 = 0. Therootin (0, 1)

isz =2 — /3.



The triangle’s side has square 1 + acz, soitsareais

Ap = %(1 + %)

= ?(1+(2—x/§)2)

— 243 - 3.

Therefore, the correct answerisA.



20. Let

1 1
T3 \/§1_ V-1
+ﬁfﬁ_ﬁéﬁ
+ 75— 2;
then
A T<1
B T=1
cC 1<T<2
D T >2
1
e = Ao
(V6—/5)(v5—2
Solution:

Rationalizing the five terms gives

T=(3+v8)— (V8++T)
+ (V74 v6) — (V6 + v/5)
+(v/5+2) =5.

ThusT' > 2.

Therefore, the correct answeris D.



21. Ina geometric series of positive terms the difference between the fiftth and fourth
termsis 576, and the difference between the second and first termsis 9. What is the
sum of the first five terms of this series?

A 1061
B 1023
c 1024
D 768

E none of these

Solution:

Let the first term be a and the ratio be r. The conditions give

ar3(r — 1) = 576,
a(r—1) =09.

Their quotient gives 73 = 64,sor = 4.Then3a = 9,hencea = 3.The sumis

S =3(1+4+ 16 + 64 + 256)
= 3.341
= 1023.

Therefore, the correct answeris B.



22. The minimum value of sin é — \/3 COs é is attained when A is
A | —180°
B 60°
c 120°
D 0°

E none of these

Solution:

Letu = é.Then sinu — v/3 cos uequals 2 sin(u — 60°). Its minimum occurs when
u — 60° = 270° 4 360°n, so

A =660°+ 720°n

foranintegern. None of the first four choices has this form.

Therefore, the correct answeris E.



23. Inthe adjoining figure TP and T (Q are parallel tangents to a circle of radius 7, with T’
and T" the points of tangency. PT" @ is a third tangent with T as point of tangency.
If TP = 4andT’'Q = 9thenris

T 4 P

T’ 9 Q

25
A%
B 6

25
c 7

D anumber other than %, 6, or 2745

E not determinable from the giveninformation

Solution:

The radii to the tangency points make congruent right triangles from each external
point, so OP and OQ) bisect the two tangent angles. Because the other two tangents
are parallel, these half-angles add to 90°; hence Z POQ = 90°.

Thus OT" = risthe altitude to the hypotenuse PQ). Equal tangent segments give
PT" = PT' = 4and QT" = QT' = 9. The altitude theorem yields

r? = (PT")(QT") =4-9 = 36,

sor = 6.

Therefore, the correct answeris B.



24. Afairdieisrolled sixtimes. The probability of rolling at least a five at least five times is

A 7
B s
S
D | 7

E none of these

Solution:

Letasuccessbeab or6, soits probability is % The desired probability is

6G) 6 6)

12 1
= 729 T 720
_ 13
729’

Therefore, the correct answerisA.



25. Inparallelogram ABC D of the accompanying diagram, line D P is drawn bisecting
BC at N and meeting AB (extended) at P. Fromvertex C, line C(Q) is drawn bisecting
side AD at M and meeting AB (extended) at (). Lines DP and C@Q meet at O. If the
area of parallelogram ABC D is k, then the area of triangle Q PO is equal to

D C
M N

O
Q) A B P

Ak
E 2k
Solution:

Choose coordinates A = (0,0), B = (1,0),D = (u,v),andC = (u + 1,v),so
k = v.The midpoints are

u v
[\/i: —., —
(27 )7
u v
N=(14—-,-).
( 272)

Extending CM and DN toy = Ogives @ = (—1,0)and P = (2, 0)

Parameterizing D P and CQ shows theirintersectionis O = (2 + 1, ). Thus
QP = 3andthe heightfrom Ois 3¢, so



Therefore, the correct answeris C.

26. The number of distinct positive integral divisors of (30)* excluding 1 and (30)*is

A 100
B 125
c 123
D 30

E none of these

Solution:
Because
30t = 2%.3%. 5%

adivisorindependently chooses each of three exponents from0, 1, 2, 3, 4. There are
53 = 125 divisors. Excluding 1 and 30% leaves 125 — 2 = 123.

Therefore, the correct answeris C.



27. If f(z) = 3z + 2forallreal z, then the statement:

“|f(x) + 4] < awhenever |z 4+ 2| < banda > 0andb > 0”

istrue when
A bg%
B b>3
C agg
D a>1

E The statementis never true.

Solution:

We have
|f(x) +4] = |3z + 6| = 3|z + 2|

If |z + 2| < bandb < §,then 3|z + 2| < 3b < a,asrequired.Ifb > 2,0onecan
choose |z + 2| strictly between § and b, so the statement fails. Thus the exact
conditionisb < %

Therefore, the correct answeris A.



28. Which of the following is satisfied by all numbers & of the form

ai az azs
whereajisOor2,asis0or2,...,asis0or2?
A O§w<%
1 2
2
C §§$<1
D 0§x<%or§§a}<1
1 3
E 323
Solution:
If a; = 0,then
25 00
2 2 1
3" 3 3
n=2 n=2
Ifa; = 2,thenz > %,While
25 00
2 2
D P P
n=1 n=1

Hence every such x liesin one of the two stated outer thirds.

Therefore, the correct answeris D.



29. Forp = 1,2,...,10let S, be the sum of the first 40 terms of the arithmetic
progression whose first termis p and whose common differenceis 2p — 1;then S; +
Sy + -+ Syolis

A 80,000
B 80,200
c 80,400
D 80,600
E 80,800
Solution:
Foreachp,
Sp = 4—20 (2p+ 39(2p — 1))
= 1600p — 780.

Sincel+ 24 .--4 10 = 55, therefore

10
) S, = 1600(55) — 7800
p=1

— 80,200.

Therefore, the correct answeris B.



30. Aline segmentis divided so that the lesser partis to the greater part as the greater
partistothe whole. If Ristheratio of the lesser part to the greater part, then the value

of
R[R(R2+R1)+R1] LR

is

A 2

B 2R

c R

D 2+R!

E 24+R
Solution:

Scale the greater part to 1, making the lesser part R. The condition gives R = TR

o)
R*+R=1, R'=R+1.
Consequently
RR+R'=R+R+1=2.
Working outward, the exponent of the outer R becomes

RRZ+R*1 +R'=R2 4+ R
= 2.

The whole expressionis therefore R2+ R 1 =2

Therefore, the correct answerisA.
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