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1. Thesquareof5 — /y% — 25is:
A y*—5yy2—25

B —y?
c 2
D (5—y)’

E  vy?2—10/y%2—25

Solution:

Expanding gives

2
(5 A 25)

=25 — 10v/y% — 25
+y°—25
=y —104/y2? — 25.

Thus, the correct answerisE.



2. Theequation

212 2:1:+7+4—6x
r—1 3 r—1
+1=0

can be transformed by eliminating fractions to the equationz?> — 52 + 4 = 0. The
roots of the latter equation are 4 and 1. Then the roots of the first equation are:

A 4andl
B | onlyl
C only4

D neither4 norl

E 4 and some otherroot

Solution:

The transformed quadratic factors as (x — 1)(« — 4) = 0. However, the original
equationhas denominatorz — 1, soitisundefinedatx = 1. Substitutionof x = 4is
valid and satisfies the original equation.

Thus, the only rootis 4, and the correct answeris C.



3. If xvaries asthe cube of y, and y varies as the fifthroot of z, then  varies as the nth
power of z, where nis:

A 1
15
5
B —_
3
3
C —_
5
D 15
E 8
Solution:

Since y is proportional to 25, its cube is proportional to 25 . Because x is proportional
3
toy’,

(331 [9%)

r X z-°.

Hencen = g

Thus, the correct answeris C.



4. If the Highest Common Divisor of 6432 and 132 is diminished by 8, it will equal:

A —6

B 6

c -2

D 3

E 4
Solution:

The Euclidean algorithm gives
ged(6432,132) = 12.

Diminishing this by 8 gives 12 — 8 = 4.

Thus, the correct answerisE.



5. Aregularhexagonisinscribedina circle of radius 10 inches. Its areaiis:

A 1504/3sq.in.

B 150 sq.in.

c  25v/3sq.in.

D  600sq.in.

E  300v/3sq.in.
Solution:

The hexagon consists of six equilateral triangles of side 10. Its areais
3
6 (% . 102> — 1503

squareinches.

Thus, the correct answeris A.



0

6. 1\° 1)’ 1 :
The value of | — — ] —6477 —(—32)Fis:
evalueo (16) + (16a) 2 —(=32)75is

13
A 1—
16
B 1 3
16
C 1
7
D —_
8
c 1
16
Solution:

For permissible a, the four terms are

1
16’

Therefore the expressionis

Thus, the correct answeris D.



7. Ahousewife saved $2.50in buying a dress on sale. If she spent $25 for the dress, she
saved about:

A 8%
B 9%
c  10%
D 11%
E 12%
Solution:

The original price was $27.50. The fraction saved was

2.50 1

orabout 9%.

Thus, the correct answeris B.



8. Thebase of atriangleistwice aslongas a side of asquare and theirareas are the
same. Then the ratio of the altitude of the triangle to the side of the square is:

1
A —_
4
1
B —_
2
C 1
D 2
E 4
Solution:

If the square side is s, the triangle base is 2s. Equal areas give

1
§° = 5(2s)h = sh.

Thus h = s,sotherequestedratiois 1.

The correct answeris C.



9. Apoint Pisoutside acircle andis 13 inches from the center. Asecant from P cuts the
circle at Q and R so that the external segment of the secant PQ is 9inchesand QR is
7inches. The radius of the circle is:

A 3din.
B 4in.
C 5in.
D 6in.
E  T7in.
Solution:

The power of Pis
PQ - PR =9(16) = 144.

ltisalso 132 — r?,50169 — 72 = 144. Hencer? = 25andr = 5inches.

Thus, the correct answeris C.



10. The sum of the numerical coefficients in the expansion of the binomial (a + b)%is:

A | 32
B 16
cC 64
D 48
E 7
Solution:

Settinga = b = 1 makes every monomial equal to 1, so the value of the expansion
equals the sum of its coefficients. Thus the sumis

(1+1)° = 64.

The correct answeris C.



11. Amerchant placed on display some dresses, each with a marked price. He then
1 3
postedasign § off onthese dresses.” The cost of the dresses was 1 of the price at

which he actually sold them. Then the ratio of the cost to the marked price was:

1
A —_
2
1
B _
3
c 1
4
5 2
3
3
E —_
4
Solution:

If the marked price is M, then the selling price is % .The costis therefore

S 2=t
137 72

The cost-to-marked-price ratiois 3.

Thus, the correct answeris A.



12. The solution of the equations

20 — 3y =17,
4x — 6y = 20

A =18y =12

B x=0,y=0

C  Thereisnosolution

D | There are anunlimited number of solutions
E zz=8,y=5

Solution:

The left side of the second equationis exactly twice the left side of the first, butits
right side is not twice 7. The equations would require the same expression to equal
both 14 and 20, whichisimpossible.

Thus, thereis no solution, and the correct answeris C.



13. A quadrilateralisinscribedinacircle. If angles are inscribed in the four arcs cut off by
the sides of the quadrilateral, without intersecting the quadrilateral, their sum will be:

A | 180°
B 540°
c | 360°
D  450°
E 1080°
Solution:

Let the four arcs have measures a, b, ¢, d, whose sumis 360°. The angle placedin the

360 —a and similarly

arc of measure a intercepts the other three arcs, so it measures <=

forthe others. Theirsumis

4(360°) — (a+b+c+d)

2
1080°

2
= 540°.

Thus, the correct answeris B.



14. 24 1\2
When simplified 1+< ) equals:

22
A i+ 222 -1
212
zt—1
B
222
)
c - +1
2
D 5132
NG
S
2 222
Solution:
Forax # 0,

Thus, the correct answerisE.



15. log 125 equals:

A 100log1.25

B 5log3

c | 3log2b

D 3-—3log2

E  (log25)(logh)
Solution:

Usinglogarithm laws,

1
log 125 = log (%)

— 3 —log(2%)
=3 — 3log2.

Thus, the correct answeris D.



16. If f(z) = bx? — 2z — 1,then f(z + h) — f(x) equals:
A | Bh®—2h
B 10zh — 4z + 2
c 10zh — 2z — 2
D h(10xz 4 5h —2)
E  3h

Solution:

Expanding and canceling gives

f(@z+h)— f(z)
=5(x+h)?>—-2(x+h)—1
— (52® — 2z — 1)
= 10zh + 5h* — 2h
= h(10z + 5h — 2).

Thus, the correct answeris D.



17. The graph of the function f(z) = 2x® — 7 goes:

A up to therightand down to the left

B down to therightand up to the left

C up to theright and up to the left

D down to theright and down to the left

E none of these ways

Solution:

The leading term 2z controls the end behavior. As z tends to +oco, f(z) tends to
+00; as x tends to —oo, f () tends to —oo. Thus the graph goes up to the right and
down to the left.

The correct answerisA.



18. Of the following sets, the one that includes all values of  which will satisfy 2z — 3 >

7 — xis:
A >4
10
B r << —
3
- 10
r=—
3
D > 10
w —_—
3
E <0
Solution:

Adding 4+ 3 tobothsides gives
3z > 10,

sox > 13—0.

Thus, the correct answeris D.



19. If the three points of contact of a circle inscribed in a triangle are joined, the angles of
the resulting triangle:

A | arealwaysequalto 60°

B are always one obtuse angle and two unequal acute angles
C are always one obtuse angle and two equal acute angles

D are always acute angles

E are always unequal to each other

Solution:

The radii to two adjacent tangency points are perpendicular to the corresponding
sides. The central angle between those radiiis 180° — A. The relevant angle of the
contact triangle is half the majorintercepted arc, giving

, A
90—5.

The othertwo angles are 90° — gand 90° — % Since every triangle angle lies strictly

between 0° and 180°, all three are acute.

Thus, the correct answeris D.



20. The equation z® + 622 + 11z + 6 = O has:

A no negativerealroots

B no positive realroots

C norealroots

D | 1positive and 2 negative roots

E  2positive and 1 negative root
Solution:

The polynomial factors as

2%+ 6x> + 11z + 6
= (z+1)(x + 2)(z + 3).

Itsrootsare —1, —2, —3, soit has no positive real roots.

Thus, the correct answeris B.



21. Theroots of the equation 2y/x + 223 = 5canbe found by solving:
A 1622 —-922+1=0
B 4x?—-25x+4=0
C 4x®>—-17x+4=0
D 222-2lz+2=0

E 422 — 250 —4 =0

Solution:
Multiplying by 1/ gives
2x + 2 = 54/x.
Squaring and simplifying,
4z + 8x + 4 = 25z,
e}

42> — 17z +4 = 0.

Thus, the correct answeris C.



22 — 4+ x
(z+1)(x—2) (x+1)(z—2)
orx = 2, since division by zerois not allowed. For other values of  :

" The expression cannot be evaluatedforz = —1

A The expression takes on many different values.

B The expression has only the value (2.)

C The expression has only the value (1.)

D | Theexpressionalways has avalue between —1 and 2.

E The expression has a value greater than 2 orless than —1.

Solution:
Combining the numerators gives
22° —x — (4 + x)
=2z% — 2z — 4
=2(z+ 1)(x — 2).

Forthe allowed values ¢ # —1, 2, the factors cancel and the expression equals 2.

Thus, the correct answeris B.



23. If the margin made on an article costing C dollars and selling for S dollarsis M =

1 .
— (', thenthe marginis given by:
n

1
A M = S
n—1
B M=-5
n
n
M = S
¢ n-+1
o 1
_n—l—l
E M=—"_g
n—1
Solution:

SinceS:C+M:C+%,

Therefore

Thus, the correct answeris D.



24. The values of k for which the equation 2z? — kx +  + 8 = 0 will have real and equal

roots are:
A 9and -7
B only—7
C | 9and7
D —9and-7
E only9
Solution:

Arepeatedrealrootrequires
(1—k)* —4(2)(8) = 0.

Thus (1 — k)? = 64,501 — k = £8.Thetwovaluesarek = 9andk = —7.

Thus, the correct answeris A.



25. The two roots of the equation a(b — ¢)z? + b(c — a)x +c(a — b) = Oare 1 and:

b(c —a)

a(b — )
. a((b_Z;
=
- Es
| o
Solution:

By Vieta’'s formulas, the product of the tworoots s

c(a —b)
a(b—rc)

Since onerootis 1, the otherroot equals this product.

Thus, the correct answerisD.



26. The straight line AB is divided at C' so that AC' = 3CB. Circles are described on AC
and CB as diameters and a common tangent meets AB produced at D. Then BD
equals:

A the diameter of the smaller circle
B the radius of the smaller circle

C the radius of the larger circle
D CBv3

E the difference of the two radii

Solution:

Let CB = u,so AC = 3uand AB = 4u. Measured from A, the circle centers are at

3u

5 and 77”, andtheirradiiareintheratio3 : 1.I1f AD = z,the common external

tangent makes D the external center of similitude, so

z—%u
=3
72— tu ’
2
Hencez = & and

BD =7z du=2

’

whichis the radius of the smaller circle.

Thus, the correct answeris B.



27. Aright circular cone has forits base a circle having the same radius as a given sphere.
The volume of the cone is one-half that of the sphere. The ratio of the altitude of the
cone totheradius of its baseis:

—| N Wl N DN | = —_] =

Solution:

The volume conditionis

Cancelling the common factors gives h = 2r, so the requestedratiois 2 : 1.

Thus, the correct answeris D.



28. Ifﬂ = éand L. 3 the value of
n 3 t 14’
1
A —5—
2
B 1
14
C —1-
11
D N
14
2
E -
3
Solution:
Multiplying the two givenratios,
mr
nt

Putmr = 6kandnt = 7k.Then

3mr —nt
—s:
4dnt — Tmr

3mr — nt 18k — 7k

4nt — Tmr 28k — 42k

Thus, the correct answeris B.

_u
14’



29. If the ratio of the legs of aright triangleis 1 : 2, then the ratio of the corresponding
segments of the hypotenuse made by a perpendicularuponit from the vertexis:

A 1:4
B 1:4/2
c 1:2
D 1:45
E  1:5
Solution:

If the legs have lengths a and b, their projections on the hypotenuse have lengths %
2
and & . Theirratio is therefore a® : b>. Witha : b =1 : 2, thisis 1 : 4.

Thus, the correct answeris A.



30. Aand B togethercandoajobin2days; B and C candoitinfourdays;and Aand C

in 25 days. The number of days required for A to do the job alone is:

A1

B 3

C 6

D | 12

E 28
Solution:

Leta, b, cbe the individual daily rates. Then

1
b= -,
a + 5
1
b = -,
+c 1
n 5
at+c= —.
12

Thus

2a =(a+b)+ (a+c)

—(b+¢)
B 5 1
- 12 4

soa = % Therefore A needs 3 days.

Thus, the correct answeris B.



31. Intriangle ABC, AB = AC, ZA = 40°. Point O is within the triangle with Z/OBC' =
Z0OC A.The number of degreesinangle BOC'is:

A 110
B | 35
C 140
D 55
E 70
Solution:

The base angles of the isosceles triangle are
LABC = Z/BCA = 70°.
Put ZOBC = ZOCA = x.Then ZOCB = 70° — z.Intriangle BOC,

/BOC =180° — x
—(70° — )
= 110°.

Thus, the correct answeris A.



32. The factors of * + 64 are:

A (z®+8)?

B (z*+8)(x*—8)

c (2% +2z+4)(x® — 8z + 16)

D (z?— 4z + 8)(x? — 4z — 8)

E (2 —4z +8)(z? + 42 + 8)
Solution:

Using a difference of squares,

z* 4 64 = (2% + 8)* — 162
= (2 — 4z + 8)
- (z* + 4z + 8).

Thus, the correct answerisE.



33. Abank charges $6 foraloan of $120. The borrower receives $114 and repays the loan
in 12 installments of $10 a month. The interest rate is approximately:

A 5%
B 6%
c ™
D 9%
E  15%
Solution:

The balance decreasesin equal $10 steps from $120to $10, so its average
outstanding value is approximately

120 +10

5 —

65.

The annual charge is therefore about

6
— - 100% ~ 9.2%.
3 Yo %o

The nearest choiceis 9%.

Thus, the correct answeris D.



1
34. The fraction § :

A | equals0.33333333

B islessthan0.33333333 by

3-108
C | islessthan0.33333333 by 3,109
D isgreaterthan0.33333333 by
3-108
1
E | isgreaterthan0.33333333 by
3-10°
Solution:
Exactly,
1 33333333
3 108
B 108 — 3(33333333)
B 3-108
1
- 3-10%°

Thus % is greater by the stated amount.

Thus, the correct answerisD.



35. Intheright triangle shown the sum of the distances BM and M A is equal to the sum
of the distances BC and CA.1f MB = x,CB = h,and CA = d,thenz equals:

M
X
B
h
d
C A
A hd
2h +d
B d—h
C 1d
2

D h+d—+2d

E  Vh2+d?’—h

Solution:

The condition and the Pythagorean theorem give

4 /d+ (h+x)2=h+d.
Afterisolating the radical and squaring,

&+ (h+x)?=(h+d—z)>
Cancellingcommon terms leaves

4hx + 2dx = 2hd,

hd

SO = Shid:

Thus, the correct answerisA.



36. Aboat has aspeed of 15 mphinstill water. In a stream that has a current of 5 mphit
travels a certain distance downstream and returns. The ratio of the average speed for
the round trip to the speed in still wateris:

5%
A —_
4
1
B —_
1
8
C —
9
7
D —
8
9
E —
8
Solution:

For a one-way distance d, the total time is

d d 3d

20 10 20
Thus the round-trip average speedis

2d 40

ltsratioto 15is

Thus, the correct answeris C.



37. Given triangle PQ R with RS bisecting ZR, PQ extended to D, and Zn aright angle,
then:

R
D q
P S 0 D
1
A Im= §(Lp — Zq)
1
B /“m= E(Zp + Zq)
1
C | JZd= §(Zq + /p)
1
D Zd = —-/m
2
E none of theseis correct
Solution:
Theangleat Ris
180° — Zp — Zq.

Because RS bisects this angle, the angle between PR and RS is
. 1
The line forming Zm is perpendicularto RS, so
1
Im = i(lp + Zq).

Thus, the correct answeris B.



38. Iflog 2 = 0.3010andlog 3 = 0.4771, the value of z when 3%*3 = 135 s
approximately:

A5

B 1.47

c 1.67

D 1.78

E  1.63
Solution:

The equationreducesto 3* = 5, so

_ logb

v log 3
~ 1-—1log2
~ log3
~0.6990

©0.4771
~ 1.47.

Thus, the correct answeris B.



39. The locus of the midpoint of aline segment that is drawn from a given external point P
to a given circle with center O andradius r, is:

A astraightline perpendicular to PO

B astraightline paralleltom

C acircle with center P andradius r

D a circle with center at the midpoint of PO and radius 27

E acircle with center at the midpoint of PO and radius 57"
Solution:

As the endpoint X moves on the circle centered at O, its midpoint M with the fixed
point Pistheimage of X underadilation of scale % centered at P. Therefore the

locusis a circle whose centeris the midpoint of PO and whose radius is g

Thus, the correct answerisE.



40. 1\° ;1
fla+ — ) = 3,thena’ + — equals:
a a

o 10V3
3
B 3v3
c 0
D TV7
E | 643
Solution:

Lett = a + %.The standard cubic identity gives
&+ =t — 3t = t(t* — 3)
a3 N '

Sincet? = 3, this expressionis 0.

Thus, the correct answeris C.



41. The sum of allthe roots of 4z° — 822 — 63x — 9 = Ois:

A8
B 2
c -8
D -2
E 0
Solution:
Foraxz® + bx? 4 - - - = 0, the sum of the roots is —g. Hereitis
I

Thus, the correct answeris B.



1 1
42. considerthe graphs of 1)y =2z%— 5% +2and (2)y = z? + 3% + 2onthe same

set of axes. These parabolas have exactly the same shape. Then:

A | thegraphscoincide.

B  thegraphof (1)islowerthanthe graph of (2).

C  thegraphof (1)istotheleftof the graph of (2).
D thegraphof (1)isto theright of the graph of (2).
E  thegraphof (1)ishigherthanthe graph of (2).

Solution:

Thevertexofy = x% + bz + 2has z-coordinate —2. Thus graph (1) hasits vertex at
x = 1,while graph (2) hasits vertexatz = —3. Their vertex heights are equal, so
graph (1) is the same parabola shifted to the right.

Thus, the correct answeris D.



43. The hypotenuse of aright triangle is 10 inches and the radius of the inscribed circleis 1
inch. The perimeter of the triangle ininchesiis:

A 15
B 22
c 24
D 26
E 30
Solution:

Foraright triangle,

a+b—c
—

r =

Withr = 1andc = 10, thisgivesa + b = 12. Hence the perimeteris
a+b+c=12+10 = 22.

Thus, the correct answeris B.



44. Aman bornin the first half of the nineteenth century was x years old in the year 22. He

was bornin:
A 1849
B 1825
c 1812
D 1836
E 1806

Solution:

2

The year 2 must lie in the nineteenth century, so z = 43 because 432 = 1849 while

the neighboring squares fall outside the relevant range. His birth yearis therefore
z? — x = 1849 — 43 = 1806,

whichisin the first half of the century.

Thus, the correct answerisE.



45. Inarhombus ABC D, line segments are drawn within the rhombus, parallel to
diagonal B D, and terminated in the sides of the rhombus. A graph is drawn showing
the length of a segment as a function of its distance from vertex A. The graphis:

A a straight line passing through the origin.
B astraight line cutting across the upperright quadrant.
C two line segments forming an upright (V)
D two line segments forming aninverted (V.)
E none of these.
Solution:

Starting at A, the parallel cross section has length 0 and grows linearly until it reaches
the diagonal BD. Continuing toward the opposite vertex, its length decreases
linearly back to 0. The graphis therefore made of two line segments forming an
inverted V.

Thus, the correct answerisD.



46. Inthe diagram, if points A, B, and C' are points of tangency, then x equals:

C
1z
A B 1"
ﬁ |
S i
3 .
A — 1n.
16
1,
B — 1n.
8
1,
C — 1n.
32
3 .
D — 1in.
32
1,
E — 1n.
16
Solution:
3

Theradiusis 75 inch. The centerlies onthe angle bisector. The perpendicularradius to
either sloping side and the segment from D to the center form a right triangle with a
30° angle, so the centeris

3

_i6  _3
sin 30° 8
inch above D. Hence the top tangentis 2 4+ 3 = 2 inchabove D. Since the ledge is
% inchabove D,
9 1 1 .
rT=-—— —=—in.
16 2 16

Thus, the correct answerisE.



47. At the midpoint of line segment A B whichis p units long, a perpendicular MR is

. . . . . . 1 —
erected withlength q units. An arc is described from R with a radius equal to iAB’

meeting AB atT.Then AT and TB are the roots of:

A z2+pr+¢*=0
B zX—pr+¢*=0
c 2X4+pr—¢*=0
D z2—pr—¢*=0

E z2—pr+q=0

Solution:
Let MT = t.Since AM = BM = RT = %, thePythagorean theorem gives

2

p
gt =—.
T
Also,
p p
AT = = +t TB == —t.
2 T 2
Theirsumis p, and their productis
2
b N S,

Therefore they are the roots of £2 — pz + ¢ = 0.

Thus, the correct answeris B.



48. Atrain, an hour after starting, meets with an accident which detains it a half hour, after
3 1
whichit proceeds at 1 of itsformerrate and arrives 35 hours late. Had the accident

happened 90 miles farther along the line, it would have arrived only 3 hours late. The
length of the trip in miles was:

A | 400
B = 465
c 600
D 640
E 550
Solution:

Let the normal speed be v and the trip length be L. Traveling a distance at ‘%’ rather
thanv adds one-third of its normal travel time. In the first case,

L(L )T
3\v 2’

so% = 10. If the accident happens 90 miles farther along,

1 1(L 90
—+ts|—-——-1-—) =3
2+3<v v)

N |

90 _

Substituting % = 10gives => = g,hencev = 60 and

L = 10v = 600.

Thus, the correct answeris C.



49. The difference of the squares of two odd numbers is always divisible by 8. If a > b,
and2a + 1and 2b + 1 are the odd numbers, to prove the given statement we put the
difference of the squaresinthe form:

A (2a+1)2—(2b+ 1)
B 4a® — 4b% + 4a — 4b
C  4la(a+1)—0b(b+1)]
D 4(a—b)la+b+1)

E 4(a*+a—b*—b)

Solution:
Expanding and regrouping,
(2a 4+ 1)* — (2b +1)?
=4[a(a+1) — b(b+ 1)].
Eachofa(a + 1) andb(b + 1) iseven, so their difference is even. The displayed
expressionis consequently divisibleby 4 - 2 = 8.

Thus, the correct answeris C.



50. The times between 7 and 8 o’clock, correct to the nearest minute, when the hands of a
clock willform an angle of 84 degrees are:

A T:23andT:53
B = 7:20and 7:50
C T:22and7:53
D 7:23and7:52

E T7:21and7:49

Solution:
At t minutes after 7:00, the hourhandis at 210° + 0.5t° and the minute hand is at 6%°.

Thus
|210 — 5.5t| = &4.
The two solutions are
126
t=—— ~ 22.91,
5.5
t = 294 ~ 53.45
55 T

To the nearest minute, the times are 7:23 and 7:53.

Thus, the correct answeris A.
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