GRE MATHEMATICS
TEST Vi

TIME: 2 hours ang 50 minutes
£6 Jiuestons

DIRESCTIONS: Choose ine bes: answer for each guestion and mark the lefter
of your selaction on the corresponding answer shael.

(/=)

1. Let foo=(88X) | Evaluze lim f(x).
x— 0
(A) -1/6 (D) In(1/6)
® 0 E) 1
(C) e—l/ﬁ
2. Suppose Zand Fare vectors in R and further, that Z’and 7
are linearly independent.
Let ¢=——7— d-~ b.
tiall

(A) Zand T are linearly dependent.
(B) Fand T are orthogonal.

- -
(C) b and ¢ are linearly dependent.



s

(D) F)and ? are orthogonal.

—) —>
(E) i?, b, ¢ | form a hinearly independen: set.

Let A=/ 4, where A, are the intervals given by
1- 224 -3,,-) .
2 2

e

Ther the set 4 is the interval
(A) (1,2) D) (0,3
(B) (1/2,3/2) (E) None of the above

©) [1,2]

The sum of the infinite series Z

Amj 4” _1 ls
4 = 3
2 (D) Y
1
® 5 B 1
3
(<) 5

Suppose  f(x)= E e~ " */n?®  For what values of x doeg

v
L

the series converge?

(A}

x>0

bt
i

rRon=1ixin=0,=1,...

xefrn(n+iwln=0,%1, ...

x€(Crm,Cn+)mn=0,+1, ...

xellrnr 2n+ 'R, n=0.21,..

Let V, be the multiplicative group of invertible elements of Z,.
Letve V,. How many roots does the equation v = 1 have in V2 "

(A)

(B)

(<)

! (D) 4
2 (E) 5
3

Suppose u(x, y) is harmonic in a domain D and v{x, ¥) is an
harmonic conjugate of u. Let £z) = u(x, ¥) + iv(x, y). Which
statements are true?

L
II.
.

g{z)=v—iu is analvtic in D.
FS =+ . o
Wix, y} + x =y satisfies Laplace's equation in D.



(A} Tonly (D) Iand II only

(B) @I oniy (E) Iand @I only

(C) IO only

Lc:ﬁxj:x‘wirho<*<1 De | "
X . D=t e minj
o ermine the minimum value pf

(A)y 172 (D) 1/4

(B) 1/e (E) 0

) im
;,W:IiCh cur‘vc in Figure I cannotbe a mapping of the unit circle

Zi= 1 under the transformation w = (@z+ b)/(cz + d) wh
b,canddarercal,andad—bc¢0? e

11.

Figure 1:

iA; Ionly (D) OIand V only

(B) Iand I cniv (E) IV only

iy IL and II omy

Lez p{: e the characteristic polvnomial for an (n X 71) mawrix
A. Suppose tha: 2 = 0 18 2 root of p(A). Which statements are
always faise?

I £ hasr lnearly independent eigenvectors.
O det{pid)] =0
m

A 1s inverible,

{A) Tonly (D) Iand @ oniy
(B) I only (E) Iand I only
(C) IO

Determine the complex roots of the equation e +i = (.
(A} (i /3)(—n/2 + 2n7%), n an integer.

(By (i/3)(m/2 + 2nw), k an integer.

(C) (¢ /3)(m/2+ nm), n an integer.

(D) {2y (/2 + Znx}, n an integer.

(Ey (i 3)(x+ 2nw), n an integer.



[N

&

Determine the Laurent series for £z) = 1/(z — 2) which con-
verges in the annulus 1 € 12— 3| < oo,

(A} E(:—3J” (D) 5_‘,(-1; (z -3
r={ n=0

(B Y (-3 E > (=-1(z=3"
n=0 nam]

© X (=1 on

Which of the following could be the equation for the curve in
Figure 27 iy

Figure 2:
(A) r=1-25sin20 (D) r=2sin486
(B) r=1+2sin26 (E) r=2cos48

(C) r=4cos28

14.

15.

Suppose ¢ "(x) exists and ¢ =0 on [, B3, Further, suppose there
: i in {ct. B] be chosen
exists a Ye [e, f3] such that o(y) = 0. Let y, in {c. B} be cnos.
rhitrarily be the point at which the tangen: line 10 91 x
arpirarily. Let ¥, beth pom. c Ig‘ R
at (,. ©(%,)) crosses the x-axis. For each n 2 0. et ¥, be the -
o ) . - . T
intercep: of the line tangent to ¢ a:i (3, _,. Y, _)) . Which
j 1 ATt Ina .
formuia dsscribes this method for approxumarsing the roo; o
i St bt A iy
oix)?
(Ay v = Y = ¢ Ly oy )

LTS

B) v, =Y, - 0@, —Y, ON -7, )

. al
thatl

(Cy =y +o(v)o (V)

LB

(D) v =y ~6 (o)

in4]

(E) v,.,=1.-00)e ()

Let P(S) d=note the power set of any set S, Suppose A = {a. b
¢}, B={d. e}, and C = P(A) x B. How many elements are I

P(CY?

(A) 8 D) 2°
(B) 32 (E) 16
((:} 210



16.  What is the indicial equation for the ordinary differential

17,

equation X*y*" + 4xy” + 4y = 0?
(A rP+2r+4 (D) r+3r+4
(B) r+4r+4 (B} P+dor+4

C) r+r+1l

Which elements of the modular ring Z, are not nvertible?

(A) 0,3,6 D) 6.3
B) 0,4, 8 (B 0,7
© 3

A witness to a robbery told the police that the license number
of the car contained three digits, the first of which was a 9,
followed by three letters, the last of which was an A. The
witness cannot remember the second and third digit, nor the
first and second letter, but is positive that all the numbers were
different and that the first two letters were the same, but
different from the last letter. How many possible license plates
match the description given by the witness?

(A) 1872 @) 729

(B) 2600 (E) 1800

(C) 2106

16.

20.

21.

A warm object 1s placed into 2 special refngerator. The rate of
change of the temperarure of the object is proportional (with
proportionaliry constant &) to the difference berween its tem-
iy:r;lturc and the ambient temperature in the refrigerator. Sup-
pose the ambient temperature i1s { degrees, and further, that
after one hour, the object s temperamure is half its iniral value.
What is the vaiue of k7

{A) In2 (Dy 2
(B) 12 (E) None of the above
(C) &

Let G be a group with m elements g satisfying g* = ¢ where e
is the group identity. How many elements of order 2 are there
m G?

(A) m+1 ™ 1
(B m (E) None of the above
(C) m-1

Which functions have unique fixed points on the stated inter-
vals?

I fx=ec,xe(1f3,1]
I gx)=n+12sinx,xe [0, 2n]
I hix)=x*-~1,xe [1,2]



22,

23.

(A) I only (D) T and I

(B) TandIl only (E) None of the above

(C) LI, and N

Let P and O be logical propositions. Which of the following

forms are tautoiogies?

L (PVQ)A_'I(PAQ)
I (PA=P)=Q
IIT. (PVQ)"—'b—:(QAP)

(A) 1and I only (D) IO
(B) Iand IO only (E) IO

(C) I and I only

lnR’ let o =(1,0,1), o, =(0,1,-2) and &, =(=1,-1,0.1f
ﬁu)lsaljnearﬁmcdonalinR3such that o )= LRe)=-1and
Ro) =3, and if = (q, b, ¢), the {cr) can be expressed as

(A) —4a-7b+13¢ (D) 3a-6b-12c

®B) 4a-7p_3¢ (E) 4a-7b+3c

(C) 3a—6b-3¢

24,

5.

26.

Let U=10, 1, ¢} be aring with three clements (1 is the unity;.
Which statements are true?

I 1+141=0

I i-1=

M &=

(A) Toniy (D) II and I only
{B} Ilonly () LII and II

(C) Iand I only

Which equation describes the plane passing through the points
(2’ _'1‘ _2)1 (‘—1, —20 _3)9 arld (49 19 0)?

(A) 2x+y=-3:=06 (D) x+2y+z:z=9
B) x+2y-3:=7 (E) x+2y-3z=11

(C) 3x+2y-z=5

LcB‘[12345
P31 205 4

group S,. What is the order of §?

) be an element of the symmerric

(A) 2 (> 5
(By 3 {(Ey ©

() 4



29.

3 1 I 0

IfA=( I lJand1=(0 1),Wh.i&'.:lfll’n:mu'xpnly-
nomial vanishes?

(A) AP-24-—4/ (D) A*—24_2

(BY A*-24 +4J (E) A'~A+y

(C) AT+ A+

Let the binary operation 0 be defined on all integers by a 0 b
=@+ 2b + ab. Which statemets are false?
L O is associative.

O o iscommurative.
IT. For every q, there is an inverse ¢! such that

coa’ =1,
(A} Ionly (D) LI, and IO
(B) U only (E) None of the above

(C) Tand O only

A random variable X has mean K., variance 0%, and an unknown
density function. Determine the constan: €50 that P(1 X —y |
2¢)S P, where P, is a given constant probabiliry,

(A) © (B) cf\!Po

30.

31.

32.

(Cy Po

[

) o/P,

(E) o /P,

A coinisbiased sothat atail isrwice aslikely tooccuras ahead.
. . . o
What is the expecied number of tails if the coin is 1ossed twice?

(B) 89 & 2
(C) 4/9

Which of the following matrices is orthogonal?

Evaluate lim —— py

x50 X

(A) - 12 ®) 12



(Cy 1/4 (D) -1/4

33. Let A and B be n X n symmertric matrices. Which of the
following is a necessary and sufficient condition for AB to be
(E) w2 symmetric?

{A) BA is skew-symmetric

Which of the following subsets of C [~1, 1] are not vector (B) A and B are nonsingular

spaces?

(Cy 1ABI=1BAI
(A) fx) e CI-1L11: -1 =AD))

(D) A and B commute
B) (e CFL1:f)=0ifxe [-1/2,1/2})

(E) B is Hermitian
© e Cl-L11:AL=1}

D) {Axye C-1,1]: A1) =0)

36.  Evaluate lim vV X +2x —x.

I
® (fxeCHLI1:| Fwdx=0) o
: -1 (A) 0 (D) 2
(B) 1 (E) o
A real, symmetric matrix is calied positive definite if X" Ax >
0 for all x in R*. Which of the following is positive definite? © V2
4 2
(A) ] (D) o1
2 1 1 0
0 1 1 -2 37.  Letfix)=sin"} x + cos~'x, where ~m/2 < sin ' x <702 and
®) ] (E) 0 < cos ~' x £ . Which statements are true?
\1 -~ 1 -2 0
© /9 0) 1. f(x)£0forallx
0 -2 I AlR2)==n/

M. Ax)is an even function




(A) Ioniy (D) @ and I only

(B) I only (B LI, and I

(C) IIonly

Consider the following boundary value problem for y(x):

40.
dzy/dxz + }.z_v =0, y(0)=0,y" (1)= 0,
where ¥'= dy/dx and A is 2 parameter. For what values of
lambda does this boundary value problem have nonmivial
solutions?
{A) nm,n=12,...
By £nr,n=1,2,...
41.
© 22+l 012
2 ¥ ¥ L] LA
(D) xi'-’;—ln n=0,1,2,..
® 2n-l. n-012,..
2 v L] L] v
Iffx) is everywhere differentiable on the closed interval [a,b],
then 42,

(A) f(x)is Rinemann integrable

(B) f(x) exists

(C) f7{x)1is continuous

(D) fix) may be unbounded

(E) £x)is uniformly continuous on the interval

Which function is not periodic?

(A) sin (e™*) (D) cos [cos{e*)]
(B) tan h{cos{sin x)] (E) In[1/(2 +cosx)]
© /|t cosx)]
, (2n+3
Let q,= n+") . Determine hm a, .
n+ 1 N b
(A) 1 D) &
®B) e (E) 0
) €&

Determine the maximum value of | A | where



43.

(A)y -5/ (D) 172
By -12 (E) 3/4
(C) 0

Considerthe fiow ofheatin athin, uniform bar oflength L, The
temperature distribution u(x, f) in the bar obeys the panial
differential equation

ut = ku.n’
where £ is a constant. Suppose the temperature of the bar at
x=01s fixed at 0 degrees, while the temperature at x= L is fixed
at 1 degree. Attime ¢ = 0, the temperature diswibudon is
u(x, 0) =f{x). What is the average temperature in the bar in the
limit as 1 — oo ?

A) 0 © 5

10

(B) if f(x) dx (D) 10
0

(B) > A,cos(nmx/L)exp( - kn*m2t/L)

] .

The differential equation
dPl/dr = P(1 - P)Y(P - 2),

possesses the three equilibriumn solutions P, =0, P,= 1, and P
- VWhirh af theos are crakble?

43.

46.

(A) P, and P, only (D) P,only

(B) P,and P, only (E) P, only

(C) P, only

Let Aiz) = 1/* + 1). Evaluate §_ fiz) d= where T is the curve
shown in Figure 3.

iy

Figure 3:
(A) O (D) 2=
B) n (E) 2xi

G w

Determine an harmonic conjugate v (x, y) for the harmonic
function u (x, y) =y + 3x? - x.

(A) =y+3n?-2 (B) x+3x?-x



47.

48.

49.

© ¥ -3cy-x (D) ¥ ~3y+x

(B) »-3xy+x

21

Let A= (
-1 =x
repeated eigenvalue?

J - For what values of x does A possess a

B) 10,3} E {1,2)
© {1,4)

Consider the sequence a =~ b+a, where a, = 1
What is the smallest positive value of b such that b is divisibie

by 7 and that the limit of the sequence is an integer?

(B) 42 (E) 98
(©) 49

What is the volume of the body of revolution formed by
rotating the curve y = ¢, 0 < x < oo about the x—axis?

(A) w2 B) 12

50.

51.

(C) = Dy 1

(E) 2x

Suppose J F{x) dx exists. Which statements are false?
4

[ lm f(x)=0

-
-

| 1£ (0] dx exists

o

m | [F0) ér exists

o
(A) Ionly (D) T and I only
(E) LI, and I

(B) I only

(C) Tand IO only

Suppose f{z) is a nonconstant entire function. Which statement

is always true?

(A) lim f(z)=0
(B) ﬁmof(z}=0

(C) f’(z) may not be entire



53.

(D) © f (2) dz = 2xi for every simple closed curve in the
complex plane

(E) None of the above

If y = x is a soludon of the differental equation

yrxy-y=0,

another, linearly-independent solution is given by
(A) 2 @) xf e ar
I 5 x
-, 2
®) 2 a ® [P a

© x[ e it a

Which of the following could be the equation for the curve
shown in Figure 47

=20 (2. 6)

35,

(A) fh+y=1 (D) ¥-x/2=1
(B) xf2-y'=1 (B) #f4-y =1

(C) ¥*2+v=1

If z =, then z can assume the real value

(A) -1 (D) o™
®B) 1 (E) w2
(C) &%

Le: fix) be a real-valued function defined on [a, b]. Which of
the following conditions is not sufficient to ensure that

J " £0) dx exists?

(A) £x) is monotonic

(B) fix)is continuous

(C) Ax)is bounded and piecewise smooth

(D) fix) has only a finite number of discontinuities

(E) None of the above



£t fx) be a function defined for all real x such that the
oordinates of each point of its graph satisfy ! y | =x*. The total
umber of points at which f{x) must be differentiable is

A) none (D) 4
B) 1 (E) infinite
C) 2

et fx)=x" x>0, andx# 1. I Ax) is continuous at x = 1,

hen (1) is

Ay 0 (D) e
B) 1 () 4
C) 2

e (x+2)
The series 2 —————— has the inverval of convergence

an2 ﬂ33n+l
60.
(A) -3 <x<3 D) -5<x<1
B) -3<x53 (E) -58x53

C) -5<x<

Forthe algorithm described below, what is the complete output

sequence if the input value is 13?7

procedure test;

variable x : real;

begin{test)
input (x);
repeat
if xmod 2 = { then x := x/2
else ¥ := 3 * x + 1L;
output (%) ;
until x = i:

end. {test}
(A) 13,40, 20, 10, 5, 16, 8, 42,1

(B) 13,40,20,10,5,1

(C) 40,20,10,5,18,8,4,2,1

(D) 13,39,40,20,10,5,1

(E) 40,20.10,5,20,10,8,4,2,1

Which of the following sets in R? are compact?

(A {x,ytx20y20}

B) i{xyllgx<2,0£y<l)

(©) fxytl<sxs2, y=0)



61.

62.

63.

(D) {x,ylxX2+382]n{x,yl+y>1]}

® (xylx+yl<l}

If 6 x + 5y is a multiple of 13, what must b be so that 8x + by
15 also a multiple of 137

64.
Ay O (D) 9
B) 5 (E) 11
<y 7
Which statements about fields are always true?
I, Every field contains at least one finite subfield.
. The wanscendental real numbers form a field.
. Every field is an integral domain.
(A) Ionly (D) IandO
(B) @ only (E) IandIll
(C) IO only

65.

Inside the registers of a MiCTOProcessor, two numbers are
ANDed by forming the logical AND of their respective binary
digits. What is the result of ANDing 27 and 527

(A) 16 (D) 79
(B) 22 (Ey 127
(C) 63

Which of the following could be a density function of 2
continuous random variable X7

H
0, x<0
(B) f(x):{ ,
27, x20
0, x<1
©) f(x)={ 1, 1€£x52
0, x>2
0, x<2
(D) f(x)={ ;
1/, x22
0, x rational
() f(x)= o
1, x irrational

Which of the following is the contrapositive of the statement
PrQ=—=RAS?

(A)y = RAS=P (@ (BY PAQ=Rv~S



©)

RV-‘S ='—IP V—|Q

(D) = Pv—-Q0=Rv=S$S

() PvO=-—-RvS

Suppose A =(

5 -2
6 -2

to diagonalize A?

&) {
o |
© [

2 1
3 2
6 -
5 -~
2 0
0 1

Ay

J

2
2

)

)

) . Which matrix below can be used

© (
(E) (

1
0
2
1

Pt bt i e e b ek e e b
BEBExSanEGRES

e N A S

g oo ogoodndOrr QOO0 @nOM> 000
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