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The fourth power of \/1 +1++1is:
A V2443

B 1(7+3V5)

c 1+2V3

D 3

E  3+2V2
Solution:

The innermostradicalis ﬁ = 1, sothe givennumberis /1 + \/§ Its fourth poweris

1+v2)?=1+2v2+2
=3+2V2.

Therefore, the correct answeris E.



2. Asquare andacircle have equal perimeters. The ratio of the area of the circle to the
area of the squareis:

4
a7
i
B V2
4
¢ 1
D V2
T
s
E g
Solution:
If the common perimeter is p, then the circle has radius 4= and the square has side .
Therefore
9 2
p p
(%) & _4
(1_9)2 2o
4 16

Therefore, the correct answerisA.



. Ife=14+2Pandy =1+ 27?7, thenyintermsof zis:

A r+1
r—1
5 T+ 2
rz—1
T
¢ r—1
D 2—x
rz—1
E
T
Solution:

Fromz =1+ 2Pweget2? =2 — 1,s0

y=1+27°?

- r—1 z-1°

Therefore, the correct answeris C.



4. Let S bethe setof allnumbers which are the sum of the squares of three consecutive

integers. Thenwe can say that:

A Nomemberof S'is divisible by 2
B  Nomemberof Sis divisible by 3 but some memberis divisible by 11
C No member of S'is divisible by 3 orby 5
D = Nomemberof Sisdivisible by 3 orby 7
E None of these
Solution:
The sumis

(n— 1) +n®+ (n+ 1)
= 3n? + 2.

Itis always congruentto2 (mod 3),sonomember of S'is divisible by 3. On the other
hand, takingm = 5 gives 3(25) + 2 = 77, whichis divisible by 11.

Therefore, the correct answeris B.



4 $2

" f(x) = a 1 ,then f(i),wherei = 4/ —1,isequal to:
A 142
B 1
C —1
D O
E —1-—2
Solution:
Becausei? = —landi* =1,
4 2
141 1—-1
) — = — 0.
f0 =51 = i

Therefore, the correct answeris D.



6. Thesmallestvalue of 2 + 8z forreal values of z is:

A —16.25
B —16

c  -15

D -8

E None of these

Solution:
Completing the square gives
z® + 8z = (z + 4)* — 16.
Since (z + 4)? > 0, the minimum occurs atz = —4 and equals —16.

Therefore, the correct answeris B.



7.

Inside square ABC' D with side s, quarter-circle arcs with radii s and centers at A and
B are drawn. These arcsintersect at a point X inside the square. How faris X from
sideC'D?

A 2s(V3+4)

B 353

c  3s(1++/3)

s(V3-1)

O
D=

E  1s(2-+3)

Solution:

Since AX = BX = AB = s, triangle ABX is equilateral. Thus the perpendicular

distance from X to AB s %g The distance between the parallel sides ABand C D is
s, sotherequesteddistanceis

svV3 s
S—T:—(2—\/§).

Therefore, the correct answerisE.



8. Ifa = logg 225and b = log, 15, then:

A a=12
B a=2
C a=b
D b=3
E a=2
Solution:

Using 225 = 152 and 8 = 23,

_ log,(15%)
 log,y(2?)
_ 2log,15  2b
-3 3

Therefore, the correct answeris B.



9. Points P and () are online segment AB, and both points are on the same side of the
midpoint of AB. Point P divides AB intheratio2 : 3,and Q divides AB inthe ratio
3 : 4.If PQ) = 2,thenthelengthof segment AB is:

A 12
B | 28
c 170
D 75
E 105
Solution:

The divisionratios give

APZ;B, AQ:;M.

Because the two points are on the same side of the midpoint,

PQ = AQ — AP
3 2
—(2-2)4B
1
— —AB.
35

Since PQ) = 2,we obtain AB = 70.

Therefore, the correct answeris C.



10. Let F' = 0.4818181. .. be aninfinite repeating decimal with the digits 8and 1
repeating. When F'is written as a fractionin lowest terms, the denominator exceeds
the numerator by:

A 13

B 14

c 29

D 57

E 126

Solution:

We have

F=0.4+0.081(1+0.01 +---)
_2+&%1
5 0.99
2,9
5 11
53
110°

The denominator exceeds the numeratorby 110 — 53 = 57.

Therefore, the correct answeris D.



1. Iftwofactorsof 223 — hx + karex + 2andz — 1,thevalue of |2h — 3k is:

A4

B 3

c | 2

D 1

E O
Solution:

The factortheorem gives
—16+2h+ k=0,
2—h+k=0.

Subtracting the second equation from the first gives 3h = 18,soh = 6andthenk =
4.Hence

2h — 3k| = |12 — 12| = 0.

Therefore, the correct answerisE.



12. Acircle withradius 7 is tangent to sides AB, AD, and C' D of rectangle ABC D and
passes through the midpoint of diagonal AC'. The area of the rectangle, interms of r,

is:
A 4r?
B 612
c 8r?
D 1272
E 2072
Solution:

Let the circle be tangent to the parallel sides AB and CD. Their separationisits
diameter,so AD = BC = 2r.Let Rbe the tangency pointon AD, let () be the
center, and let M be the midpoint of AC.

The line RQ) is parallel to A B and halfway between AB and C D, so Ris the midpoint
of AD andthe line contains M. Since M lies onthe circleand R, @, M are collinear,
RM = 2r.Thus RM is amidsegment of triangle ADC',so DC = 2RM = 4r.
Therefore the areais

(2r)(4r) = 8r°.

Therefore, the correct answeris C.



13. Giventhe binary operation x definedbya x b = a® for all positive numbers a and b.
Then for all positive a, b, ¢, n, we have:

A axb=bxa

B ax*x(bxc)=(axb)xc
C ax(b")=(a*xn)x*b
D (axb)"=ax(bn)

E None of these

Solution:

For choice D,
(a*b)" = (a”)" = a™,
a* (bn) = a™.

Thus that identity always holds. The other choices would assert false general identities

suchasa®? = b%ora? = a’.

Therefore, the correct answeris D.



14. Considerz? + pz + g = 0, where p and q are positive numbers. If the roots of this
equation differby 1, then p equals:

A Jig+1

B gqg-—1

C  —4q+1

D gq+1

E  +4g-—1
Solution:

The two roots differin absolute value by

p? — 4q.

Hencep? — 4q = 1,s0p* = 4q + 1.Since pis positive,

p=+4q+ 1.

Therefore, the correct answerisA.



15. Linesin the zy-plane are drawn through the point (3, 4) and the trisection points of
the line segment joining the points (—4, 5) and (5, —1). One of these lines has the
equation:

A 3z—-2y—1=0
B 4x—-5y+8=0
C b5x+4+2y—23=0
D x+7y—31=0

E z—-4y+13=0

Solution:

The displacement from (—4, 5) to (5, —1) is (9, —6). The trisection points are
therefore

(—4,5) + 5(9,—6) = (—1,3)
and (2, 1). Theline through (—1, 3) and (3, 4) has slope 7, s0

1
y_4:Z(x_3)7

orx —4y + 13 = 0.

Therefore, the correct answerisE.



16. If F'(n)isafunctionsuchthat F(1) = F(2) = F(3) = 1,and such that
F(n)F(n—1)+1

Fn+1)= Fin—2)
forn > 3,then F'(6)is equal to:
A2
B 3
c 7
D 11
E 26
Solution:
Applying the recurrence successively,
F4) = 1-11—|—1 _o
2-1+1
()= =7 =3,
and
F(6) = 3-21—|—1 _

Therefore, the correct answeris C.



17. Ifr > 0,thenforall pand g suchthat pg # 0and pr > qr,we have:

A —p > —q
B —p >q
c 1>-1
D 1<1%

E None of these

Solution:

Sincer > 0, the hypothesisis equivalenttop > q.Then —p < —q, so Ais false. Taking

(p,q) = (2,1) makesBandDfalse. Taking (p, ¢) = (1, —2) makes C false because

—1% = 2.Thus none of A-D follows in every case.

Therefore, the correct answeris E.



18. v/3+2v2 — 13— 2v2is equal to:

A 2

B 243

C 42

D V6

E | 2v2
Solution:
Since

3+2v2=(V2+1)?
3-2v2=(v2-1),

andbothv/2 + 1andv/2 — 1are positive, the differenceis
(V2+1)—-(vV2-1)=2.

Therefore, the correct answerisA.



19. The sum of an infinite geometric series with common ratio 7 such that |r| < 1is 15,
and the sum of the squares of the terms of this series is 45. The first term of the series

is:
A 12
B 10
cC 5
D 3
E 2
Solution:

Let the firsttermbe a. Then

a a
=15 = 45.
1—r ’ 1—r?
Sincel — 7* = (1 — r)(1 + r), dividing the second equation by the first gives
T4 = 3.Thus

a=15(1—r) =3(1+7).

Solving givesr = %anda = 5.

Therefore, the correct answeris C.



20. Lines HK and BC'lieinaplane. M is the midpoint of line segment BC', and BH and
CK are perpendicularto HK . Thenwe:

A alwayshave MH = MK
B @ alwayshave M H > BK
C = sometimeshave M H = M K but not always
D  alwayshave M H > MB

E alwayshave BH < BC

Solution:

Choose coordinates

Then

h+k u+o
M_( L )

The horizontal displacements from M to H and K are opposites, while the vertical
displacements are equal. Therefore M H? = M K?,so M H = MK always.

Therefore, the correct answerisA.



21. Onanauto trip, the distance read from the instrument panel was 450 miles. With snow
tires on for the return trip over the same route, the reading was 440 miles. Find, to the
nearest hundredth of aninch, the increase inradius of the wheels if the original radius
was 15inches.

A 0.33
B 0.34
c 0.35
D  0.38
E 0.66
Solution:

For a fixed true distance, the odometerreadingis proportional to the number of wheel
revolutions. Thus

T 45
45071 = 4407, — = —.
m T u
Withry = 15, theincreaseis
45
—r=15({—-1
D) ™1 <44 )
s
44
~ (0.3409.

To the nearest hundredth thisis 0.34 inch.

Therefore, the correct answeris B.



22. If the sum of the first 3n positive integers is 150 more than the sum of the firstn
positive integers, then the sum of the first 4n positive integersiis:

A 300
B 350
c 400
D 450
E 600
Solution:

Let S, = M.Then

—n(n+1)
= 8n? + 2n.

Since S3,, — S,, = 150, this gives 4n? + n = 150. Hence (n — 6)(4n + 25) = 0,
and the positive solutionism = 6. Therefore

24 - 25
2

Sin = Soq = = 300.

Therefore, the correct answerisA.



23. The number 10! (10 is writtenin base 10), when written in the base 12 system, ends in
exactly k zeros. The value of k is:

A1

B 2

c 3

D 4

E 5
Solution:

The prime exponentsin 10! are

v2(10!) =5 +2+1 =8,
v3(10!) =3 +1=4.

Eachfactorof 12 = 22 . 3 uses two factors of 2 and one of 3. Hence the number of

trailing base-12 zerosiis
8
min ({—J ,4) = 4.
2

Therefore, the correct answeris D.



24. An equilateral triangle and aregular hexagon have equal perimeters. If the area of the
triangle is 2, then the area of the hexagonis:

A 2

B 3

c 4

D 6

E 12
Solution:

Let the hexagon side be s. Its perimeteris 6s, so the equilateral triangle has side 2s.
The large triangle consists of 4 equilateral triangles of side s, while the hexagon
consists of 6. Their arearatiois therefore % = % Since the triangle’s areaiis 2, the

hexagon’s areais 3.

Therefore, the correct answeris B.



25. Forevery realnumber z, let | z | be the greatest integer whichiis less than or equal to .
If the postalrate for first class mail is six cents for every ounce or portion thereof, then
the costin cents of first-class postage on a letter weighing W ounces is always:

AW
8 6|W]
¢ 6(|W]-1)
D 6(|W]+1)
E —6-W)
Solution:

Charging forevery ounce or portion thereof means the number of charged ouncesis
[W].The floor and ceiling functions satisfy

(W =—-[-W].
Thus the costis
6(W]=-6-W|.

Therefore, the correct answerisE.



26. The number of distinct pointsin the zy-plane common to the graphs of

(z+y—5)(2z—3y+5)=0

and
(x—y+1)Bz+2y—12) =0

is:

A0

B 1

c 2

D 3

E 4

F infinite
Solution:

The first graphis the union of
T+ y =29, 2¢ — 3y = —5,

and those two lines meet at (2, 3). The second graphiis the union of
z—y=-—1, 3z + 2y =12,

and these also meet at (2, 3). Infact, substituting (2, 3) satisfies all four line
equations. Since the four lines have distinct slopes, no other point canbelongto aline
from each graph. There is exactly one common point.

Therefore, the correct answeris B.



27. Inatriangle, the areais numerically equal to the perimeter. What is the radius of the
inscribed circle?

A 2

B 3

c 4

D 5

E 6
Solution:

If 7 is the inradius and s the semiperimeter, the triangle’s areais K = rs. Its perimeter
is 2s. The given equality yields

rs = 28.

Since s > 0, we obtainr = 2.

Therefore, the correct answerisA.



28. Intriangle ABC', the median fromvertex A is perpendicular to the median from vertex
B.If thelengths of sides AC and BC are 6 and 7, respectively, then the length of side
ABis:

A V1T

Solution:

Place the centroid at the origin. Let the position vectors of A and B be uandv. The
two medians lie alongu and v, sou - v = 0. Also the centroid condition gives C' =
—Uu — .

LetU = |u|*and V = |v|%. Then
AC* =2u+v]>=4U +V =36

and
BC? = |u + 2v|?
=U +4V = 49.
Adding appropriate multiples givesU + V' = 17.Finally,
AB*=|u— v =U+V =11,

so AB = V/17.

Therefore, the correct answerisA.



29. ltisnow between 10:00 and 11:00 o’clock, and six minutes from now, the minute hand
of awatchwill be exactly opposite the place where the hour hand was three minutes
ago. Whatis the exact time now?

A 10:052

B 10:075

c  10:10

D 10:15

E | 10:175
Solution:

Let x be the number of minutes after 10:00 now. Six minutes from now, the minute
handis z + 6 minute spaces clockwise from 12. Three minutes ago, the hour hand was

2-3 minute spaces past the 10, so the point opposite it was

12
r—3

20
* 12

minute spaces past 12. Hence

r—3

6 =20
T+ + 1

Solving gives ¢ = 15, so the timeis 10:15.

Therefore, the correct answeris D.



30. Inthe accompanying figure, segments AB and C' D are parallel, the measure of angle
D istwice that of angle B, and the measures of segments AD and C'D are a and b,
respectively. Then the measure of AB is equal to:

B
C
a b
A D
A %a+2b
B 32b43a
C 2a-b
D 4b—%a
E a+b
Solution:

Let the bisector of ZD meet AB at P.Because ZD = 2/ B, eachhalf has measure
/B.Since AB || CD,the alternate interior angle ZAPD also equals ZPDC'. Thus
triangle AP D isisosceles and

AP = AD = a.

Also PB || CD and BC || PD,so PBCDis aparallelogram.Hence PB = CD = b.
Therefore

AB = AP + PB = a +b.

Therefore, the correct answerisE.



31. If anumberis selected atrandom from the set of all five-digit numbers in which the
sum of the digits is equal to 43, what is the probability that this number will be divisible
by 117

A3

B 3

c 3

D

E 1
Solution:

The maximum five-digit digit sumis 45, so a sum of 43 has total deficit 2 from 99999.
Either one digitis 7 and the others are 9, giving 5 numbers, or two digits are 8 and the
othersare 9, giving (g) = 10 numbers. Thus there are 15 numbers total.

Using the divisibility-by-11 test, exactly
97999, 99979, 98989

are divisible by 11. The probability is therefore % = %

Therefore, the correct answeris B.



32. A and B travel around a circular track at uniform speeds in opposite directions,
starting from diametrically opposite points. If they start at the same time, meet first
after B has travelled 100 yards, and meet a second time 60 yards before A completes
one lap, thenthe circumference of the track inyardsis:

A | 400
B 440
cC 480
D | 560
E 880
Solution:

Let the circumference be 2C'. At the first meeting, B has traveled 100 yards and A has
traveled C' — 100, so their speedratiois

vgy C—100
vg 100
At the second meeting, A is 60 yards short of one lap, so it has traveled 2C' — 60. By
then their combined distanceis 3C', so B has traveled C' + 60. Hence
C —100 2C —60
100  C+60°

Cross-multiplying gives C' = 240, so the circumferenceis 2C' = 480 yards.

Therefore, the correct answeris C.



33. Find the sum of the digits of all the numeralsin the sequence 1, 2, 3,4, ...,10000.

A 180,001

B = 154,756

Cc 45,001

D 154,755

E 270,001
Solution:
Write the integers from 0 through 9999 using four digits with leading zeros. In each of
the four positions, every digit0, 1, . .., 9 appears 1000 times. Thus their total digit sum
IS

4-100000 +1+4---+9)
— 4000 - 45
— 180000.

Replacing 0 by 10000 adds 1, so the requested sumis 180001.

Therefore, the correct answerisA.



34. The greatestinteger that will divide 13,511, 13,903, and 14,589 and leave the same
remainderis:

A 28
B 49
C 98

D = anoddmultiple of 7 greaterthan49

E = anevenmultiple of 7 greaterthan 98

Solution:

Adivisorleaves the same remainder on all three numbers exactly when it divides their
differences. The two successive differences are

13903 — 13511 = 392,
14589 — 13903 = 686.

Therefore the greatest possible divisoris

gcd(392,686)
— gcd(392, 204)
— gcd(294, 98) = 98.

Therefore, the correct answeris C.



35. Aretiring employee receives an annual pension proportional to the square root of the
number of years of his service. Had he served a years more, his pension would have
been p dollars greater, whereas, had he served byears more (b £ a), his pension would
have been g dollars greater than the original annual pension. Find his annual pensionin
termsof a, b, p,andq.

2 2
N Pa
2(a — b)
g (P- q)?
2V ab
c ap® — bg?
2(ap — bq)
S aq2 o bp2
2(bp — aq)

E (a—b)(p—q)

Solution:

Let the current pensionbe X = k4/n.Since X +p =ky/n+aand X +q =
kv/n + b, squaring and using X2 = k?n gives the first line below. Multiplying its
equations by band a, respectively, and subtracting gives the second:

20X + p? = k?a,

29X + ¢* = kb,
2X (bp — aq) = aq® — bp°.

aq2 — bp2
2(bp — aq)’

Therefore, the correct answeris D.

Hence X =
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