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Preface

This volume contains the Annual High School Mathematics Ex-
aminations, given 1973 through 1982. It is a continuation of Contest
Problem Books I, 11, III, published as Volumes 5, 17, and 25 of the
New Mathematical Library series and which contain the first twenty-
three annual examinations. The Annual High School Mathematics
Examinations (AHSME), it is hoped, provide challenging problems
which teach, stimulate and provide enjoyment for not only the par-
ticipants, but also the readers of these volumes.

All high school students are eligible to participate in the Annual
High Schoo! Mathematics Examinations. In 1982, over 418,000 stu-
dents in the United States, Canada, Puerto Rico, Colombia, Jamaica,
Australia, Italy, England, Hungary, Ireland, Israel, Finland, Belgium
and Luxembourg participated in the examination. It was administered
also in many APO/FPO and other schools abroad. Each year a
Summary of Results and Awards is sent to all participating high
schools (in the United States and Canada). The problems are designed
so that they can be solved with a knowledge of only “pre-calculus”
mathematics, with emphasis on intermediate algebra and plane geome-
try. The subject classification at the end of the volume indicates which
questions are related to which topics.

The problems on each examination become progressively more
difficult. Between 1973 and 1977, the participants were given eighty
minutes to complete the examination, and in subsequent years they
were allowed ninety minutes. The 1973 examination consists of four
parts containing 10, 10, 10 and 5 questions respectively worth 3, 4, 5,
and 6 points each; to correct for random guessing, one fourth of the
number of points assigned to incorrectly answered problems was
deducted from the number of points assigned to correctly answered
problems. The 1974 through 1977 examinations consist of 30 questions
worth five points per question; one point was deducted for each
question answered incorrectly. Since 1978, each examination consists
of 30 questions and was scored by adding 30 points to four times the
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number of correct answers and then subtracting one point for each
incorrect answer.

Each year since 1972, approximately one hundred of the highest
scoring students on the AHSME and a number of members of
previous International Mathematical Olympiad training classes have
been invited to participate in the U.S.A. Mathematical Olympiad,
currently a three and one half hour essay type examination consisting
of five questions. Since 1974, a team of students has been selected to
participate in the International Mathematical Olympiad.* An Interna-
tional Mathematical Olympiad training class of approximately
twenty-four students receives an intensive problem solving course
prior to the International Olympiad.

It is a pleasure to acknowledge the contributions of the many
individuals and organizations who have made the preparation and
administration of these examinations possible. We thank the members
of the Committee on High School Contests and its Advisory Panel for
Proposing problems and suggesting many improvements in the pre-
liminary drafts of the examinations. We are grateful to Professor
Stephen B. Maurer, who succeeded us as Committee Chairman in
1981, for his assistance in the preparation of this book. We express our
appreciation to the regional examination coordinators throughout the
United States and Canada who do such an excellent job of administer-
ing the examinations in their regions, and to the members of the
Olympiad Subcommittee who administer all the Olympiad activities.
Particular thanks are due to Professor James M. Earl, who was the
chairman of the Contests Committee until his death, shortly after the
1973 examination was printed; to Professor Henry M. Cox, who was
the executive director of the Contests Committee from 1973 to 1976;
to Professor Walter E. Mientka, who has been the executive director of
the Contests Committee since September 1976; and to Professor
Samuel L. Greitzer, who has been the chairman of the Olympiad
Subcommittee since the inception of the subcommittee. We express
appreciation to our sponsors, the Mathematical Association of
America, the Society of Actuaries, Mu Alpha Theta, the National
Council of Teachers of Mathematics, and the Casualty Actuarial
Society for their financial support and guidance; we thank the City
College of New York, the University of Nebraska, Swarthmore Col-
lege and Metropolitan Life Insurance Company for the support they
have provided present and past chairmen and executive directors; and
we thank L. G. Balfour Company, W. H. Freeman and Company,
Kuhn Associates, National Semiconductor, Pickett, Inc., MAA, Mu

*The International Olympiads from 1959 to 1977 have been published in volume 27 of
the New Mathematical Library series
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Alpha Taeta, NCTM and Random House for donating awards to
high-scoring individuals and schools on the AHSME.

The members of the Committee on High School Contests are
particularly pleased to acknowledge financial support for the U.S.A.
Mathematical Olympiad and the participation of the U.S. team in the
International Mathematical Olympiad. We express our gratitude to
the International Business Machines Corporation for an annual grant
to sponsor an awards ceremony in honor of the winners of the U.S.A.
Mathematical Olympiad; we thank the hosts of training sessions:
Rutgers University, United States Military Academy and United
States Naval Academy; we gratefully acknowledge financial support
of the training sessions and travel to the International Mathematical
Olympiad from the following: Army Research Office, Johnson and
Johnson Foundation, Office of Naval Research, Minnesota Mining &
Manufacturing Corporation, National Science Foundation, Spencer
Foundation, Standard Oil Company of California and Xerox Corpo-
ration.

A few minor changes in the statements of problems have been made
in this collection for the sake of greater clarity.

Ralph A. Artino
Anthony M. Gaglione
Niel Shell






Editors’ Preface

The editors of the New Mathematical Library, wishing to encourage
significant problem solving at an elementary level, have published a
variety of problem collections. In addition to the Annual High School
Mathematics Examinations (NML vols. 5, 17, 25 and 29) described in
detail in the Preface on the preceding pages, the NML series contains
translations of the Hungarian Eotvos Competitions through 1928
(NML vols. 11 and 12) and the International Mathematical Olympiads
(NML vol. 27). Both are essay type competitions containing only a
few questions which often require ingenious solutions.

The present volume is a sequel to NML vol. 25 published at the
request of the many readers who enjoyed the previous Contest Prob-
lem Books.

The Mathematical Association of America, publisher of the NML
series, is concerned primarily with mathematics at the undergraduate
level in colleges and universities. It conducts the annual Putnam
Competitions for undergraduate students. All three journals of the
MAA, the American Mathematical Monthly, Mathematics Magazine
and the Two Year College Mathematics Journal, have sections devoted
to problems and their solutions.

The editors of the New Mathematical Library are pleased to ac-
knowledge the essential contributions of R. A. Artino, A. M. Gaglione
and N. Shell, the three men who compiled and wrote solutions for the
problems in the present volume. The hard work of Stephen B. Maurer,
current chairman of the MAA Committee on High School Contests,
and that of other Committee members in the final editing of this
collection is greatly appreciated.

We suggest that readers attempt their own solutions before looking
at the ones offered. Their solutions may be quite different from, but
just as good or better than, those published here.

People taking the AHSME are told to avoid random guessing, since
there is a penalty for incorrect answers; however, if a participant can
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use his mathematical knowledge to eliminate all but one of the listed
choices, he will improve his score. A few examples of this kind of
elimination are indicated in some of the Notes appended to solutions.
Basil Gordon

Anneli Lax

1982
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List of Symbols

Name and /or Meaning

set of all x such that; e.g. {x: x is a positive integer less
than 4} is the set with members 1, 2, 3

contained in; 4 C B means each member of 4 isin B

contains: 4 D B means B C 4

not equal to

function f of the variable x

the value that f assigns to the constant a

identically equal; e.g. f(x) =1 means f(x)= 1 for all
values of the variable x

in number theory, for integers a, b, m, a = b(mod m)
is read “a is congruent to b mod m” and means that
a — b is divisible by m.

less than

less than or equal to

greater than

greater than or equal to

approximately equal to

absolute value; |x| = { x@fx > 0}
—xifx<0
n factorial; n'=1-2-...-n

combinations of n things taken & at a time;

(n) _ n!
k] k'(n- k)
n
summation sign; ). a, means a, + a, +...+a

i=]

n

[+
infinite sum; Y a,=a, + a, +...
im1
base n representation; an® + bn* + cn + d
first difference; for a sequence a,, a,,..., Aaq, means
Ay — 4,
kth difference; a'a, = aa,, a**'a,=a (a*a,) for
k>1
the largest integer not bigger than x

xiii
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a b
¢c d
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Name and /or Meaning

Z), equal to ad — bc

imaginary unit in the set of complex numbers, satisfying
i2= —1; also used as a constant or as a variable (or
index) taking integer values (e.g. in I}_,a, = a, + a,
+ o+ ay)

complex conjugate of z; if z = a + ib with a, b real,
then zZ = a — bi.

either line segment connecting points 4 and B or its
length

the minor circular arc with endpoints 4 and B

either angle ABC or its measure

is perpendicular to

is parallel to

is similar to

is congruent to

parallelogram

determinant of the matrix (‘cl
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Problems

1973 Examination
Part 1

1. A chord which is the perpendicular bisector of a radius of length
12 in a circle, has length

(A) 33 B)27 (O 6/3 (D) 12y3 (E) none of these

2. One thousand unit cubes are fastened together to form a large
cube with edge length 10 units; this is painted and then separated
into the original cubes. The number of these unit cubes which
have at least one face painted is

(A) 600  (B) 520 (C) 488 (D) 480  (E) 400

3. The stronger Goldbach conjecture states that any even integer
greater than 7 can be written as the sum of two different prime
numbers.! For such representations of the even number 126, the
largest possible difference between the two primes is

(A) 112  (B)100 (C)92 (D) 88 (E) 80

*The regular Goldbach conjecture states that any even integer greater than 3 is
expressible as a sum of two primes. Neither this conjecture nor the stronger version has
been settled.
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Two congruent 30° — 60° — 90° triangles are placed so that they
overlap partly and their hypotenuses coincide. If the hypotenuse
of each triangle is 12, the area common to both triangles is

A 63 @BS8&3 (%3 (D) 12/3 (E) 24

. Of the following five statements, I to V, about the binary opera-

tion of averaging (arithmetic mean),

I. Averaging is associative
II. Averaging is commutative
III. Averaging distributes over addition
IV. Addition distributes over averaging
V. Averaging has an identity element

those which are always true are
(A) All (B) I and II only (C) II and III only
(D) II and IV only (E) II and V only

If 554 is the base b representation of the square of the number
whose base b representation is 24, then b, when written in base
10, equals

(A)6 B8 (12 (D14 (B) 16

The sum of all the integers between 50 and 350 which end in 1 is
(A) 5880 (B) 5539 (C) 5208 (D) 4877 (E) 4566

. If 1 pint of paint is needed to paint a statue 6 ft. high, then the

number of pints it will take to paint (to the same thickness) 540
statues similar to the original but only 1 ft. high, is

(AY90 (B)72 (C)45 (D)30 (B)15

. In AABC with right angle at C, altitude CH and median CM

trisect the right angle. If the area of ACHM is K, then the area
of AABC is

(A) 6K (B) 43K (C) 33K (D)3K (E) 4K

If n is a real number, then the simultaneous nx +y =1
system to the right has no solution if and only w4t z=1
if n is equal to Y

x +nz=1

(A) -1 o (©O1
(D) Oorl (B i



PROBLEMS: 1973 EXAMINATION 3
Part 2

11. A circle with a circumscribed and an inscribed square centered at
the origin O of a rectangular coordinate system with positive x
and y axes OX and OY is shown in each figure I to IV below.

Y i1 Y 11 Y v Y

The inequalities

Ix] + |yl < y2(x* +y?) < 2Max(|x], |y|)

are represented geometrically? by the figure numbered
(A) 1 B) 11 (O 111 D) 1Iv (E) none of these

12. The average (arithmetic mean) age of a group consisting of
doctors and lawyers is 40. If the doctors average 35 and the

lawyers 50 years old, then the ratio of the number of doctors to
the number of lawyers is

(A)3:2 B) 31 (O23 (D)2l (E)l:2

13. The fraction M is equal to
32+ V3
2y2 2 16
w2 @ o2 ! ek

tAn inequality of the form f(x, y) < g(x. y), forall x and y is represented geometri-
cally by a figure showing the containment

{The set of points (x, y) such that g(x, y) < a)

C {The set of points (x, y) suchthat f(x, y) < a)
for a typical real number a
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14.

15.

16.

17.

18.

19.

20.
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Each valve 4, B, and C, when open, releases water into a tank
at its own constant rate. With all three valves open, the tank fills
in 1 hour, with only valves 4 and C open it takes 1.5 hour, and
with only valves B and C open it takes 2 hours. The number of
hours required with only valves 4 and B open is

(ALl (B)1LI5 ()12 (D)125 (E) 175

A sector with acute central angle 8 is cut from a circle of radius 6.
The radius of the circle circumscribed about the sector is

(A) 3cosf (B) 3sec@ (C) 3cosif (D) 3secid (E) 3

If the sum of all the angles except one of a convex polygon is
2190°, then the number of sides of the polygon must be

A)13 B15 (@©17 @19 (B2l

X —
2x

— 2 _
@Wx @1 ©Z L oL @

! , then tan @ equals

If @ is an acute angle and sin 18 =

If p> 5 is a prime number, then 24 divides p?> — 1 without re-
mainder

(A) never (B) sometimes only (C) always
(D) onlyif p=5 (E) none of these

Define n,! for n and a positive to be
n'=n(n—a)(n—2a)(n-3a)...(n— ka),

where k is the greatest integer for which n > ka.
Then the quotient 724! /18,! is equal to

A4 B4 (4 DL (B4

A cowboy is 4 miles south of a stream which flows due east. He is
also 8 miles west and 7 miles north of his cabin. He wishes to
water his horse at the stream and return home. The shortest
distance (in miles) he can travel and accomplish this is

(A)4+VI85 (B)16 (C)17 (D) 18 (E) V32 +V137
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22.

23.

24,

25.

26.

PROBLEMS: 1973 EXAMINATION 5

Part 3

The number of sets of two or more consecutive positive integers
whose sum is 100 is

@1 ®2 ©3 D4 ©BS

The set of all real solutions of the inequality
Ix=1+ijx+2| <5
is
A){x:—-3<x<2) B)Y{xx—-1<x<2)
O (xx-2<x<1l) D){x:—-3<x<3} (E) 2 (empty)

There are two cards; one is red on both sides and the other is red
on one side and blue on the other. The cards have the same
probability (1) of being chosen, and one is chosen and placed on
the table. If the upper side of the card on the table is red, then the
probability that the under-side is also red is

Wi ®»3; O M™% ®i

The check for a luncheon of 3 sandwiches, 7 cups of coffee and
one piece of pie came to $3.15. The check for a luncheon consist-
ing of 4 sandwiches, 10 cups of coffee and one piece of pie came
to $4.20 at the same place. The cost of a luncheon consisting of
one sandwich, one cup of coffee and one piece of pie at the same
place will come to

(A) $170  (B) $1.65 (C) $1.20 (D) $1.05  (E) $.95

A circular grass plot 12 feet in diameter is cut by a straight gravel
path 3 feet wide, one edge of which passes through the center of
the plot. The number of square feet in the remaining grass area is

(A) 367 — 34 (B) 30w —15 (C) 367 — 33
(D) 357 — 9Y3 (E) 307 — 9/3

The number of terms in an A.P. (Arithmetic Progression) is even.
The sums of the odd- and even-numbered terms are 24 and 30
respectively. If the last term exceeds the first by 10.5, the number
of terms in the A.P. is

(A)20 (B)18 (C)12 (D)10 (E)8
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27.

28.

29.

30.

31
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Cars A and B travel the same distance. Car A travels half that
distance at u miles per hour and half at v miles per hour. Car B
travels half the time at u miles per hour and half at v miles per
hour. The average speed of Car A is x miles per hour and that of
Car B is y miles per hour: Then we always have

A)yx<y B)yxzy O x=y D)yx<y (E)x>y

If a, b, and ¢ are in geometric progression (G.P.) with 1 < a <
b<c and n > 1 is an integer, then log,n,log,n,log.n form a
sequence

(A) which is a G.P.

(B) which is an arithmetic progression (A.P.)

(C) in which the reciprocals of the terms form an A.P.

(D) in which the second and third terms are the nth powers of
the first and second respectively

(E) none of these

Two boys start moving from the same point A on a circular track
but in opposite directions. Their speeds are 5 ft. per sec. and 9 ft.
per sec. If they start at the same time and finish when they first
meet at the point A again, then the number of times they meet,
excluding the start and finish, is

(A) 13 (B)25 (C)44 (D) infinity (E) none of these
Let [t] denote the greatest integer <t where t > 0 and S =
{(x, y): (x — T)®2 + y2 < T? where T = t — [t]). Then we have

(A) the point (0,0) does not belong to S for any ¢
(B) 0 < Area S < = forall ¢

(C) S is contained in the first quadrant for all ¢ > 5
(D) the center of S for any ¢ is on the line y = x
(E) none of the other statements is true

Part 4
In the following equation, each of the letters represents uniquely a
different digit in base ten:
(YE)- (ME)=TTT
The sum £+ M + T + Y equals
(A) 19 (B) 20 (©) 2t (D) 22 (E) 24



32.

33.

34,

35.
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The volume of a pyramid whose base is an equilateral triangle of
side length 6 and whose other edges are each of length V15 is

A9 @B)92 (2772 (D) # (E) none of these

When one ounce of water is added to a mixture of acid and water,
the new mixture is 20% acid. When one ounce of acid is added
to the new mixture, the result is 333 % acid. The percentage of acid
in the original mixture is

(A) 22% (B) 24% (C) 25% (D) 30% (E) 331%

A plane flew straight against a wind between two towns in 84
minutes and returned with that wind in 9 minutes less than it
would take in still air. The number of minutes (2 answers) for the
return trip was

(A) 54 or 18 (B) 60 or 15 (C) 63 or 12 (D) 72 or 36
(E) 750r20

In the unit circle shown in the
figure to the right, chords PQ
and MN are parallel to the unit
radius OR of the circle with
center at 0. Chords MP, PQ
and NR are each s units long
and chord MN is d units long.
Of the three equations

Ld-s=1 Il ds=1,
L. 42 -s2=5

those which are necessarily true
are

(A) I only (B) II only (C) III only
(D)landllonly (E) I, 11, and II
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1974 Examination
.If x+0or 4 and y ¥ 0 or 6, then }2-+% =% is equivalent
to
(A) 4x+3y=xy (B)y= 64_"y ©F+2=2
(D) Ay _ x (E) none of these

y—6
. Let x, and x, be such that x, #x, and 3x?— hx,=b,

i=1,2. Then x, + x, equals

@-2 ®E O OB ®-1

. The coefficient of x” in the polynomial expansion of
(1 +2x —x%)*
is

A) — 8 (B) 12 ©) 6 (D) —12 (E) none of these

. What is the remainder when x3' + 51 is divided by x + 1?7
(A) O (B) 1 ©) 49 (D) 50 (E) 51

. Given a quadrilateral ABCD inscribed in a circle with side AB
extended beyond B to point E, if £BAD = 92° and £ADC =
68°, find £ EBC.

(A) 66° (B) 68° (C) 70° (D) 88°  (E) 92°

. For positive real numbers x and y define x* y = :—_*_);; then
(A) “»” is commutative but not associative

(B) “=*” is associative but not commutative

(C) “»” is neither commutative nor associative

(D) “»” is commutative and associative

(E) none of these



7.

10.

11

PROBLEMS: 1974 EXAMINATION 9

A town’s population increased 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 popula-
tion?

(A) 1,200 (B) 11,200  (C) 9,968 (D) 10,000
(E) none of these

. What is the smallest prime number dividing the sum 3'! + 5'3?

(A)2 @3 (OS5 (D)3'+5% (E) noneof these

. The integers greater than one are arranged in five columns as
follows:
2 3 4 5
9 8 7 6

10 11 12 13
17 16 15 14

(Four consecutive integers appear in each row; in the first, third
and other odd numbered rows, the integers appear in the last four
columns and increase from left to right; in the second, fourth and
other even numbered rows, the integers appear in the first four
columns and increase from right to left.)

In which column will the number 1,000 fall?
(A) first  (B) second (C) third (D) fourth (E) fifth

What is the smallest integral value of k such that
2x(kx —4) - x2+6=0

has no real roots?

(A) -1 (B) 2 ©) 3 ™4 ES

If (a, b) and (c, d) are two points on the line whose equation is
y =mx + k, then the distance between (a, b) and (c, d), in
terms of a, ¢ and m, is

A) la—cV1+m2 B) |la+cV1+m? (C) %

D) la—c|(1+m?)  (B) |a~c||m|
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2
12. If g(x) = 1 — x? and f(g(x)) = ! 2x when x # 0, then

x
f(1/2) equals

A)3/4 (B1 (©3 MV2/2 (B2

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

(A) “P is true or Q is false.”

(B) “If Q is false then P is true.”
(C) “If P is false then Q is true.”
(D) “If Q is true then P is false.”
(E) “If Q is true then P is true.”

14. Which statement is correct?
(A) If x <0, then x> > x. (B) If x2> 0, then x > 0.
(C) If x2> x, then x> 0. (D)If x2> x, then x <0.
(E) If x < 1, then x? < x.

15. If x < —2 then |I — |1 + x|| equals
(A) 2 +x (B) -2—-x ) x D) ~x (E) -2

16. A circle of radius r is inscribed in a right isosceles triangle, and a
circle of radius R is circumscribed about the triangle. Then R/r
equals

2+y2 V2 -1
2 © —=—

(A)1+vV2 (B

1++v2
2

D) (E) 22 - V2)

17. If i2= —1, then (1 + i)® — (1 — i)® equals
(A) —1024 (B) —1024i (C) 0 (D) 1024 (E) 1024i



18.

19.

20.

21

22,

PROBLEMS: 1974 EXAMINATION 11

If logg3 = p and log;5 = g, then, in terms of p and g, log,,5
equals

3p+gq 1+ 3pq 3pq
Wpe ® L © S o A
(B) p* + ¢*

In the adjoining figure ABCD D C
is a square and CMN is an
equilateral triangle. If the area M
of ABCD is one square inch,
then the area of CMN in square

inches is

(A)2¥3-3 (B)1-V3/3

©) V3/4 (D) V2 /3 A N B
(B) 4-2/3

Let

1 1 1 1 1
T= - _ .
3-8 B-V1 Vi-v6 Vo5 B-2
then
(AAT<1 (B)T=1 (C)%<T<2 (D) T>2

B = G- BB - T - )6 —5)(5 - 2)

In a geometric series of positive terms the difference between the
fifth and fourth terms is 576, and the difference between the
second and first terms is 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

The minimum value of sin% -3 cos% is attained when A4 is

(A) —180° (B) 60° (C) 120° (D) 0° (E) none of these
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23.

24,

25.

Q

26.

27.

THE MAA PROBLEM BOOK IV

In the adjoining figure TP and T'Q T 4 p
are parallel tangents to a circle of

radius r, with T and 7" the points T
of tangency. PT”Q is a third tangent

with T as point of tangency. If TP '
=4 and T'Q = 9 then r is

(A) 25/6 B)6 (C) 25/4 T 9 0

(D) a number other than 25/6, 6, 25/4
(E) not determinable from the given information

A fair die is rolled six times. The probability of rolling at least a
five at least five times is

(A) 13/729  (B) 12/729 ©) 2/729 (D) 3/729

(E) none of these

In parallelogram ABCD of the accompanying diagram, line DP
is drawn bisecting BC at N and meeting AB (extended) at P.
From vertex C, line CQ is drawn bisecting side AD at M and
meeting AB (extended) at Q. Lines DP and CQ meet at O. If
the area of parallelogram ABCD is k, then the area of triangle
QPO is equal to

(A) kK (B) 6k/5
(C) 9% /8 (D) 5k /4
(B) 2k

P

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

If f(x)=3x + 2 for all real x, then the statement:

“If(x) + 4] < a whenever |x +2| <b and a >0 and b > 0”
is true when

(Ayb<as/3 (B)b>as3 (CQa<b/3 [D)a>b/3

(E) The statement is never true.



28.

29.

30.

PROBLEMS: 1974 EXAMINATION 13

Which of the following is satisfied by all numbers x of the form

a a a
x=-—l+—2-+...+_2.§.’
3 32 325

where a, isOor 2, a, isOor 2,..., a, is 0 or 2?7

A)O0<x<1/3 (B 1/3<x<2/3 (©O)2/3<x<1
DMO0<gsx<1/30r2/3gx<1 E)l1/2<x<3/4
For p=1,2,..., 10 let S, be the sum of the first 40 terms of the

arithmetic progression whose first term is p and whose common
differenceis 2p — 1; then S; + S, + - + §p is

(A) 80,000  (B) 80200 (C) 80,400 (D) 80,600
(E) 80,800

A line segment is divided so that the lesser part is to the greater
part as the greater part is to the whole. If R is the ratio of the
lesser part to the greater part, then the value of

RIR®* D4R 4 p-1
is
(A)2 @B)2R (O©OR' @M2+R!' (E2+R




































































































































































































































































































































































































































































































































