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Open String under the Modified Born-Infeld Field
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ABSTRACT

In this article we consider the two end-points of the string to be attached to D-brane with the different
Born-Infeld field strength F and calculate the total momenta for the special case.

Keywords: Bloch vector.

1 INTRODUCTION where A; (i = 0,1,---,p), is the U(1) gauge
field living on the Dp-brane [1]; [2]; [3]. The string

We consider a string ending on a Dp-brane, the background is

bosonic part of the action is

1 2 [ ap u v Guw =N, ®=constant, H =dB = 0.
Sp = /Ed o [g G D0 X" 95X
+5“BBW8QX“8¢3X”} Here we use the boundary condition of the action
Sp so that we can get more specific equations
+L drA;(X)o. X", of motion for a free field and the canonical
2ra’ Jox momentum.
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2 EQUATIONS OF MOTION
AND THE CANONICAL
MOMENTUM

Variation of the action yields the equations of
motion for a free field

(82 -02) X" =0 (2.1)
and the following boundary conditions at o = 0 :
&X' +0. X' F} =0,

X =g,
andato =7
X'+ 8, X F'y =0,

.7':0717"'7 )
J P 2.9
a:p+17"'797

iaj :0717"' yP-
2.3)
Here

F=B-F F =B -F

are the modified Born-Infeld field strength and «,
z§ are the location of the D-branes. Indices are
raised and lowered by n;; = (—, 4+, , +).

and

The general solution of X* to the equations of
motion in (2.1) is [1]

Xk = xlg + (agr + bgo) -I—CSO’T
+d§ (72—1—02)

+ Z —inT

(zan cosno + b sin na)

n#0
(2.4)
and
X" =uxg +baa+2 ay sinno,
n#0
fora=p+1,---,9,
where z§ + wb“ is the location of the D-brane

to which the other end-point of the open string is
attached.

k

Lemma 2.1. The coefficients ck and d in Eq.

(2.4) are

ds =5 31"

nez

: (i(b; +alF
+m(bJ +atF ).7-"'l>(M'1)f7

where M;; = n:; — FlEF .
Proof. By (2.3) and (2.4) we have
0=0,X"+08.XF;
=0y <x§ + (afT + bio) + chor
+do (7 + %)

3=

n#0

—ZTLT

(iak cosno + bl sin na))

+ O0r (:c% + (aér + bga) + cgar
+d? (T2 + 02)

35
n#0

= bg + C’gT + 2d§a
>
n#0

+ <a6+060+2d%7'+z_”w

n
n#0

774717-
j i . 1k
(ia?, cosno + bl sin na)) F';

71717'

( man sinno + nb cos nU)

X (iazl cosno + bZl sin na) ).7:/?
= bE + a)F'5 + (ch + 280 F'5)r
"
+(2d§ + ) F'})o
— Z e~ (z sin na(aﬁ + bi]—"/?)
n#0
k ik
—cosno (b, + ah F; ))
= (ch+2dF %) + (2d5 + A F' 5o
- Z e T (z sinno(al + bﬁl}"?)

nez

—cosno (bl + aZ,,]:'?))
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then, now since ¢ = = and using the Taylor
series, this identity can be written as

(ck +2d F'5)r + (2ds + A F 5w
+ 3 e (=) bk + al FTY)

nez
= (b 4+ 2d) F'5)r + (2d§ + A F 5)m

+> (Z ”) ()" (b + ad. F')

n€Z \m=0
- ((2d‘g +AF DT+ D (-1 (b + az;f’f)>

nez

ki a%F'?)) T

+ <c’g +2d) F'Y

,Z'Z(,

nez
= (—in)™ n R
+Z< ( m') >(—1) (b + al, F'5)T
nezZ \m=2

=0.

Thus the above identical equation about = shows
that

2d§ + GF N+ > (=1 (b + ah F'§) =0,

nez
(2.5)
of +2d3F5 —i > (~ FradF =0
nez
(2.6)
and
STam (-1 (b +al F'5) =0 form > 2.
ne”
(a) From (2.5) we can easily obtain
25 F'5 + f)}"j F5
+= Z (b + ab FHFS =o0.
nEZ
(2.7)
Subtracting (2.7) from (2.6) we get
cf — iy (~1)"n(bf +al F'F)
nez
| ~1J 1k
- Co.F l-Fj
- SN G+ aFDF =0

and

S (-nn +al F')

<m(bﬁ

1 . .
+ (O + a;f/{)f’Q?)
k I 17 1k
= Cy — Co.F le
= con — 0 F1F;
j k
= co(n’ = F1F'5)
= CéMl/k

o=y (-1)" (in(bf; +alF'5)

neL

%(bg +a F )J:’k> (M'~)L.

(b) In a similar manner, by (2.6) we have
AF% + zdgf’j f”?

—iS (-1

ner

/k

n(bl, + a, F'HFY = 0.
(2.8)

After dividing (2.5) by 7, we subtract (2.8) from
(2.5) and obtain

24k + % T;Z(f F Al FY)
—2dh FiF'S
+i 3 (=) (b, + a, FHF =0
nez
and

11 i
1 <7T(bﬁ +anF)
Kk
+ in(bl, + ah F'] )}'/])

—dvFF
= donr — dyF'1F';
FIF)

=df

= do(m
- doMl/k
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so - (a’g + 5
+ (b + B FF+F)o
1 n-1{ 1,k j ek ( 0 J
do =52 (~1) <<b + a7} -
2 o A (FF+ F')
nez k (AN J
+ (245 >
+in(b], + ab FHF ) (M5 . L(FE+
in( @ ) J ( Ji —;)677'”7— i(bﬁ-&-ia ( ]2 ])>sinna
0O . bR(FE+FE)
—(an + f)cosna
_ (K 3k 1k
= (co + dy(F; +-7:j))‘7
Remark 2.1. Let us consider the two end-points L AFE+F
of the string to be attached to D-brane with the + (2d0 + f)T

same F field. Then we can see that ; b
— Z e "7 i(bn + ji)sinna

B+ alFr=0, foralln nez 2
J k 1k
, . , ,(auw)m ,
in [1]. Applying this fact to Lemma 2.1, we simply " 2
have ¢§ = df = 0, which equates the result (2.9)

obtained in [1].

. o Theorem 2.2. If F' = —F, the total momenta
Now the canonical momentum is given by

1 1
. Ptkot(T) = W,CIS—F*,CZST—!- /alg
o FR L Y da @ 2a
2ra’ P¥(r,0) = 0- X" + 0, X7 | L~ 1 e T
2 + > (=)™ —1)bF
2ra! n "
n#0
So by (2.4), we note that
y (2.4) where
2ra’ P*(r,0 7 n
(r,) c§:§Zn((1+(—l) )bk
:87—(9015+a§T+b§0+clgaT+d§(T2+02) nez
—inT _(_1\"\,J Tk
+ Z c (iak cosno + bk sinno)) +(A = (=1)")anF; ) ’
n
n#£0 k0 n\pi 1k
- _ ds=1 n((1+(—1) )i, !
40, (s + alr + blo + o+ d(r* + o) P> ]
—inT . . ny i i —k
+ Z ¢ (iad, cosno + bZLsinnU)) +(1-(=1) )an}—i]]:j)
nt0 " 1 (=1) bk i gk
— o >0 (k- el )
k 1k n nv j
(22 m e
2
_ k k k
= a0 + o + 2doT Proof. By the condition 7' = —F and (2.9), we
—1 z e (iak cosno 4 bE sinno) have
n#0
+ (bé + T+ 2dyo — Z e~ "7 (ial, sinno 2ma’ P"(1,0)
n#0 = cga + 2d’57’
_ FF+ Fk ;
— b, cos 'r‘Lo')) (%) — Z e "7 (zbﬁ sinno — aﬁ cos na)
nez
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and so
Ptlf;t(T)

:/ do P*(7,0)

0

_ 1 " k k

= — do | cogo + 2dgT
2ral J,

—int [k _: k
- e ib,, sinno — a,, cosno

neZ

—inT

1 2
= Sma (gclg + 27rd§7 + a§7r
ie
+2

—-1) bﬁ)
n#0

s
= 4alC0 =+ d07'+ k

1 —inT

Z =
/

n
n#0

And using the boundary condition (2.2) and
Taylor series for = we obtain

1) bk

(=D" -

2T

> (bn +ah Fy) = (2.10)
nez
co +2dyFf =iy n(by + @l F7) =0, (2.11)
nes
and
an(blfb +al,Ff)=0 form>2.
nez
Also applying the assumption 7' = —F to Egs.
(2.5) and (2.6), we have
(2d§ —c{)ff)w—f—z:(— y—al FF) =
new
_ (2.12)
c§ — 245 Ff =iy (—1)"n(bl — al Ff) = 0.
nez
(2.13)

Then by (2.11) and (2.13) we deduce that

2k —i Z n(bly + al, FJ)

neZ

_Z'Z(_

nez

—an]:)

SO

(1 (—1)”)az;ff) .

Finally, substituting the above ¢ into (2.12) we
complete the proof. O

3 CONCLUSION

Here we focus on the coefficients c¢f and
df existing in the general solution of X*
explaining the equations of brane
motion given

by [1], i.e.,

Xk — mg + (a’gr+ b'ga) + CISUT
+d(]§ (7'2 +02)

iy

n#0

(zan cosno + b sin na)

and obtain coefficients value.
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