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Comment on “Brans-Dicke wormholes in the Jordan and Einstein frames”
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In the Brans-DickgBD) theory, wormhole existence is determined in the Jordan representation. The Ein-
stein representation correctly describes the geodesic motion of a test black hole that responds to the tensor mass
my; of a bounded gravitational system. The central body’s active mmaas calculated in the Jordan frame
determines the change in time of the area of a bundle of light rays and the motion of a test particle in Keplerian
orbit. In the Jordan representation, strong-field BD wormhole solutions can exist and the energy density and the
radial and lateral tensions are negative at the wormhole throat. However, the Einstein representation minimally
coupled scalar field energy condition eliminates wormhole solutions within the BD weak-field approximation,
C=-1/(w+2). [S0556-282198)01924-9

PACS numbd(s): 04.20.Gz, 04.50:h, 04.62+v

A recently published article by Nanet al.[1] claims that C(1-3wC)>0, C>—1. 4)
in the Jordan frame wormhole existence can occur only for a
very limited range of the Brans-DickéBD) parametero. At Eq. (9) below, | remark that Eq(4) is also valid for the
The test for wormholes includes an examination of the areatasex <0,B<0. However, | disagree with the conclusions
radius [2,3] of a test object for a minimum at distances reached in Refl1] regarding the existence of wormholes as
greater than the event horizon of a gravitational system. Thdetermined in the Jordan representation. First, the conclusion
space-time location of an event is the same whether calcubhat within the weak-field approximation wormholes can ex-
lated in the Einstein or in the Jordan frame. However, correist whenw is limited to
sponding surface areas are different in the two representa-
tions because the area of am const surface in the Einstein —32<w<-4/3 ®
representation is¢/ ¢o) times the area of this same surface.
in the Jordan representation. The Einstein representation col
rectly describes the geodesic motion of a test black hole; the C=—1Uw+2) 6)
Jordan representation correctly describes the geodesic mo-
tion of a test particle. The central body’s active massis s used. Besides the fact that the use of this approximation is
calculated in the Jordan frame, determines how the area Ofiﬂappropriate for strong field wormhole phenomena' the au-
bundle of light rays changes in time; also a test particle inthors of Ref.[1] found that Eq.(6) together with Eq.(4)
Keplerian orbit measure® [4,5]. In the Einstein representa- impliesw< — 4. This condition together with Eq1) yielded
tion, geodesic motion is limited to test-black-holes whichEgq, (5). However, Eqs(3) and (6) imply that
determine the Keplerian tensor mass of a bounded gravi-
tational system. w+1

| concur that an examination of the Einstein representa- wt2 o @)
tion of the BD theory shows thal]

s a computational error. The weak field approximafi@rg]

That is, w cannot be chosen betweer? and—1 for worm-
w>—23/2 (1) hole existence in the weak field approximation. Also H§s.
and (6) imply —2<C< —$2 which is inconsistent with Eq.
since the stress energy for a massless minimally coupled scgs). Thus, Eq.(5) is incorrect. Instead, Eq3), (6), and(7)
lar field satisfies all energy conditiof8]. Furthermore, from  jmply w< —2 andC>0. This conclusion, together with the

the BD theory conditiortwhenB>0) [7] Einstein representation minimally coupled scalar field energy
L 12 condition [1] that o> —3/2, eliminates the weak field ap-
A=[1+C+(1+30)C7]">0 (2)  proximation from wormhole investigations. At E() be-

_ N low, it is shown that whem <0,B<0 the same conclusions
and the wormhole existence condition, E8), that the areal follow.

radiusR=(g,,) ** has a minimum as a function of the proper Secondly, the authorén Ref.[1] as well as in their pre-

lengthl = [(g,,) “4dr, vious publication[9]), use the notatiom, andR; for the
5 wormhole throat location. Under the conditions of E(®.
[(C+D)/A]">1, (C+1)>r>0, 3 and (3) r{>B while ry <B. This follows from Ref.[1]

Egs.(13) and(14)]:
one finds[1] [Egs.(13) and(14)]
rgro =B%
*Email address: bloomfpe@drexel.edu thus
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0<v—(1*—1)Y2=(r;/B)g-o<1<(r§/B)g=0 o(v—1r9—B)=¢qy, Ro(v—1r,—B)=4B,

=vt(A -1 (et po(v—1ro—B)=—[c'eol/[87(4B)2].  (14)
In Ref. [1] the limit R,—0" asr,—B™ is presented. As

and one must exclude, from consideration in this case shown in Eq.(13) this is incorrect. However, when=1(C
(B,A>0). In Ref.[9] it was observed that the BD solutions +1)/\=1, there is no wormhole throat arR(r)—0" as

are invariant under the simultaneous symmetry transforma-

+
tions A——\ and B— —B, and that the post-Newtonian r_;:B 'thl f the t bilit diti | find
limit determines the relatioB=Am/2, wherem>0 is the ourthly, as 1ar as the traversability conditions, ' find no

central body’s active mas#,5]. For the case\<0,B<0 singularities at the wormhole throat. In particular {8401
Eq. (3) b}écomes 1/=(C+’1)./)\<—1 (C+1)>—’)\>0’ component of the Riemann tensor, entering the expression

C>—1, and Eq(4) still holds. Furthermore, in this case the for thg radial tidal acceleration, is finite at the wormhole
. o _ ;. throat:
wormhole throat location is specified Iy /B<<0, andr is

excluded. Note that this case is just a notational change and

0 _ 2 27_r1(1_ 29-1
yields no new results: Ri0i(ro)=C/L(»*=D)(Aro)"]=[(1=wC/2)ro]

(15
—(rq/B =—[v—(»*-1 1/2,, _
(To/Bla<o=~[v~( ) ves At the wormhole throat R=R,), the redshift function
=[v+(*-1)"?] -, [2,4,10, ® vs R has an infinite slope. However, in contrast to

the statement in Ref1], | find no jump discontinuity in
®(R) atR=R,. Also at the throat the radial component of

n _ proper acceleration that an observer must maintain to remain
(ro)e=0=(ro)e<0>[BJ. ©  atrestis given bya" = c?rq /[ A (v?— 1)2R3] which is posi-

tive indicating that an outward-directed radial acceleration is

: : ; ; to keep an observer from being pulled into the
Eq. (7) still applying under this symmetry transformation. ~"€c€ssary
Thirdly, the limits onp, andR; asri —B as presented wormhole[2,6]. | have found that forw>—3, that C>0

- ; : and that both the energy densjiyr) and the radial tension
in Ref.[1] [between Eqs(18) and(19)] are incorrect. Since p,(r) are negative and finite for alt>B. The lateral tension

rg/B=v+(1?’—1)¥2 »=(C+1)/\>1, (10)  is positive (focusing at larger and negative(defocusing
within the wormhole throat, changing sign outside the worm-
one cannot let; —B unlessy—1 andC—0. Note thatR; ~ hole throat location at/B=x,+ (xi—1)¥?>r{/B, where

Equation(7) and the conclusions in the paragraph following

is a monotonic function of~ X;=v+ 3wC/\ andC and w>0 [10]. The negative energy
N density is a special case of defocusing which implies exotic
4B<Rj <o; (1) matter at the throdi6]. The negative radial tension indicates

, . ) i stretching and the negative surface tension is interpreted as
its minimum 4B occurs atv=1 and its maximum av=cc. — itive (outward pressure preventing collapse of the worm-
TheT values at the wormhole throart:(r.0 =rg) of the are.al hole throat2,6].
radius[R(ry)=Ry], the energy densityp), and the radial Finally, deep within the throat at=B a naked singularity
(pr) and lateral tensionéP) are given by[10] occurs and all the measures of traversability diverge. This
2 singularity can be avoided by placing appropriate material at
r>B. In conclusion, in the BD theory the Einstein represen-
tation minimally coupled scalar field energy condition
requires thatw>— 32 which disallows wormholes existence
within the weak field approximatiol€= —1/(w+2). The
_ _ 1 _ 4 2 Jordan representation allows wormhole solutions to exist for
pO_(pr)O_[Z(a’C) _1]PO__[C QD(I'O)]/[S’ITR()], strong f|e|ds[10]
(12 Note added.In Nandi's accompanying Reply the two
where cases C+1<0,A<0,B>0) and C+1<0,A>0,B<0)
are introduced to argue for wormhole existence when
v+1=(ro+B)%(2ryB), C=-1/(w+2) and—2<w<—%. However, the Keplerian
massm is positive definite; hencB and\ cannot have op-
CIx posite signs. Furthermore in both these cases the redshift
' (13 function [2,4,10 ®>0, and hence—ggy—> as r—|B|
rather than the Brans class | behawo 0, and—gg,— 0 as
and r—|B|.

_ 2 a1 v+1
Ro=2B(v°—1) Z[V—l

_ ral(r0+ B)(r0+ B)2/(2roB)(rO_ B)(rO—B)Z/(erB),

v+1
v—1

N [r +B

ro—B

e(ro) ¢o=
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