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1. Introduction and main result
We consider

Au = (32 — 32 +add)u = H(x,t) in Q4 := (—£4,0) x (0, T),
u(-,0) = o:u(,0) =0 on (—4,0), (1)
u(—4,)=ul,-)=0 on (0, T),

where a >0, £ > 0 and T > 0 are positive constants and H is the source term. The differential oper-
ator A has the form of a one-dimensional wave operator plus the mixed derivative term adyd;. This
term appears when we linearize the one-dimensional Saint-Venant equation, which is the equation
introduced by Saint-Venant in [1] to describe unsteady water flow in channels. The one-dimensional
Saint-Venant equation comprises continuity and momentum equations. Their formulations and
physical meanings are written in Cunge et al. [2]. Even though one-dimensional flow does not exist
in nature, mathematically speaking, it is important to consider the simplified equation and observe
its properties.

We consider the uniqueness and stability for the inverse source problem to determine H on (—¢, £)
from the boundary observation data of the solution to (1). The argument is based on the Carleman
estimate and the Bukhgeim-Klibanov method in [3]. The Carleman estimate was first introduced in
Carleman [4] to prove the unique continuation property for the elliptic operator whose coeflicients
are not necessarily analytic. Using the Carleman estimate, Bukhugeim and Klibanov proved global
uniqueness results for multidimensional coefficient inverse problems. This methodology is widely
applicable to various partial differential equations provided that we can prove the Carleman estimate
for the considered equations. For a hyperbolic equation, Imanuvilov and Yamamoto [5] considered
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2 H. TAKASE

the global Lipschitz stability for wave equations through interior observations. Baudouin et al. [6]
proved the global Carleman estimate for the wave equation and considered its applications to con-
trollability, inverse problems, and reconstructions. Bellassoued and Yamamoto [7] considered the
inverse source and coeflicient problems for the wave equation on a compact Riemannian manifold
with a boundary.

In proving the Carleman estimate for the operator A, the main difficulties lie in the existence of
the mixed derivative term ad,d;. There are also difficulties when we apply the Carleman estimate to
the extended solution to (1). In the usual case of the wave equation, an evenly extended solution with
respect to time ¢ satisfies the wave equation as well. However, considering (1), the evenly extended
solution no longer satisfies the equation. We therefore need to consider a different extension.

To prove the global Lipschitz stability for inverse source problems of the hyperbolic partial dif-
ferential equation, the observation time should be given for the distant wave to reach the boundary
owing to the finite propagation speed. We define constants to describe this situation mathematically.
Let xg € [—¢, £]° be a given point and

Ty := — max |x — xpl,

ﬁ —t<x<t
where p := ((v/a® + 4 — a)/2)? is the square of the wave speed.
Theorem 1.1: Assume H(x,t) = f(x)R(x, t), where
feLl*(=,0), ReH(0,T;L®(—¢,0)),
f(x) =f(—x), R(x,0) =R(—x,0), ae. xe (—L1L),
and
dmg > 0 s.t. |[R(x,0)| > mg > 0ae.x € (—£,0).

Let T > Ty. We assume there exists a unique solution u to (1) in the class

2
ue (VH7*0, T;HY(—¢,0)).
k=0

There then exists a constant C > 0 that is independent of u and f such that

Ifll2—e,ey < C (10x0:uCE, 20,y + 10x0(—L, )l 12001 -

2. Proof of Theorem 1.1
2.1. Preliminary

To prove Theorem 1.1 using the Bukhugeim-Klibanov method, we need to prove the Carleman
estimate for the operator A in extended domain Q4. We consider

A=0} =0} +addy, Qi:=(—£0)x (=T,T),

where a> 0 is a constant. The next proposition is the global Carleman estimate, whose proof is
postponed to the Appendix section.

Proposition 2.1: Choose

X0 ¢ [_g) E])
and B such that

0<pB<p,
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and set

Yt = |x —x0> — Bt5,  @(x,t) = e’V D,
o(x1) = syp(xt), (%1€ Qx,
wherey > 0and s> 0 is some parameters. There then exists a constant v, > 0 such that forally > y,,

the following holds.
There exist constants s, = s,(y) and C = C(s,) such that

/ e>? (o |0xul? + o|dsul? + o3 |u|?) dx dt
Q+
< c/ e®?|Au)? dx dt
Q+
T
e f (&Sﬂ"“’”a(z,tnaxu(e, B2 + 2D (0, 1)|0,u(—L, t)|2> ar,
-T

foralls > s, andu € (j_y H*5(—T, T; H*(—£, £)) such that u(-, +T) = d;u(-,£T) = 0 on (—¢, £)
and u(£l,-) =0on (=T, T).

Proving our main theorem requires several energy estimates as follows.

Lemma 2.2: Assume f € L>(—{,), Re€ L*(—=T,T;L®(—£,£)) and uj € L>(—£,0). Let ue
ﬂizo H2K(—T, T; H*(—¢, £)) be a solution to

Au = (32 — 32 + add)u = f(X)R(x,t) in Q,

u(-,0) =0, ou(-,0) = uy on (—4,0),

u(—¢,)=ul,-) =0 on (—T,T).
There then exists a constant C such that

”atu("t)”%}(_g)g) + ”axu(’) t)“iZ(_g’g) =< C(”f”iZ(_g,g) + ”ul”%Z(_z’@)), ae. t € (—T, T)

holds.

Proof: Set E(t) := ||0;u(-, t)||
integrating over (—¢, £) yield

iz(_u) + [|9xu(:, t) ”iz(—f,é)' Multiplying the first equation by d;u and

d 2
aE(t) S E(t) + ”fR() t)”Lz(—K,Z)
and so
d ~tfg < ot 2
E(e (t)) =¢ |UR(-’t)”L2(7@,Z)'
Furthermore, integration over (0, t) yields

E(t) S C(”R”iz(—T,T;LOO(—Z,E))|Lf||i2(—f,l) + ||u1||%2(_g,g))'
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Lemma 2.3: Assume H € L*(=T,T;1*(—6,0)). Let z € (ieo H> X(~T, T;H*(—¢,0)) be a
solution to

Az = H(x, t) in Q,
z(-,0) =0, 0:z(-,0) =21 on (—4,¢),
z2(—,)=12z({,-)=0 on (—T,T),

and
z(-,£T) = 9;z(-,+£T) =0 on (=4, 10).
There then exists a constant C > 0 such that
21112 _g ) < CIHB2lIL1 ()

holds.

Proof: Multiplying the first equation by 20,z and integrating over Q1 = (—¢,£) x (0, T), we have

/ 8t|8tz|2+/ 8t|8xz|2+a/ 00z =2 | Hoz.
Q+ Q+ Q+ Q+

Hence, we get
”ZIHiZ(_Z,e) =< C||H8tz||Ll(Q+).
The proof for Q_ := (¢, £) x (—T,0) is similar. m

2.2. Proof of the main theorem

Proof of Theorem 1.1: We use the weight function v (x, t) = |x — xo|? — Bt for xp € [—¢, £]°. We
assume T > To, ie. pT? > pT? = max_g<y<¢ |x — xo/|*, and there thus exists 0 < B < p such that

max |x — xo|* < /3T2(< oT?).
—<x<{

There then exists 0 < €(< %) such that

max |x — xo|> < B(T — 2¢)>.
—<x<t

Thus, forallx € [—£,£] and t € [—T,—T + 2¢] N [T — 2¢, T], we have
o(x, ) = e’V 1.
Let u be the solution in the class
2
uwe (VH 50, T;HY(=¢,0)
k=0

and take the extension of u to (=T, T):

u(x, t) in Q4 = (—4£,¢) x (0,T),

u(x,t) = )
u(—x,—t) inQ_ :=(—4¢,¢) x (—T,0).
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We also extend R:

R(x, ) in Qy,

Ret) = {R(—x,—t) inQ._.

We can then prove u € ﬂizo H3*(—T, T;H*(—¢, ¢)) and R € H (=T, T; L®(—¢, ¢)). Indeed, we
assume u(-,0) = 9;u(-,0) = 0 and we thus have

a ,t i >
By, 1) = ru(x, t) in Q+
—oiu(—x,—t) in Q_,
and
dfu(x, t in Qy,
Due = | e Qs
ofu(—x,—t) inQ-_.
Furthermore, we assume the symmetry of the source term f and R(-, 0) and thus get
Rulxt in Q4,
a?u(x, t) — t u3(x ) ?l’l Q+
—0;u(—x,—t) inQ_.
Considering R, we have
3 R > t i >
o RGot) = 1 (x1) in Q+
—0R(—x,—t) inQ_,

owing to the symmetry of R(-, 0). This extended u satisfies

Au = (32 — 32 + addp)u = f(X)R(x,t) in Q,
u(-,0) = du(-,0) =0 on (—4,0),
u(—¢,)=ul,) =0 on (=T,T).

From Lemma 2.2, we have
194G 172 g g + 18U DTy gy < CUF T2y 2t € (=T, D). )
Let v := 0;u. v satisfies

Av = (82 — 32 + adyd)v = f(x)3R(x, ) in Qu,
v(-,0) =0, 9v(-,0) = f(-)R(-,0) on (—¢, ),
V(=€) =v(t,) =0 in (=T, T).

Also from Lemma 2.2, we have
19evCs DT + 18V Doy < CIf T2 (_pgyy  at € (=T, T). 3)
We define a cut-off function 7 satisfying 0 < n(¢) < I:

1, |t <T-2e,
n() =
0, |t|>T—¢€.

We set w := nd,u = nv. w satisfies

Aw = nfoR + 20mdv + admyv + 9}y in Qu,
W(>0) =0, 8tw(>0) If()R(,O) on (—6, E))
w(—£,) =w({,-) =0 on(—T,T).
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Moreover,
w(,xT) = ow(-,£T) =0, on (—4£,¢)

holds. We can therefore apply Proposition 2.1 to w to obtain
/ e (sloxw|® + s|9wl® + 5°|wl?)
Q+

sc [ ewigartc [ Gamaol + Bl + o)
Qx Qx
+ Cse“D?

for all s > s,, where

T
D= / (19:w(&, DI + [w(—L, D) dt
-T

T
< / (10530l D + 13dyu(—L, ) dt.
_T

We here consider sufficiently large y > y, as a fixed constant. Considering the second, third, and
fourth terms on the right-hand side and using (2) and (3), we get

[ ot + 10maust + 102 < CHWIE gy
Qs

because supp(9:n), supp(atzn) C[-T+e€,—-T+2c]U[T —2¢,T —€],and for all x € [—£, £] and
te[—T+e,—T+2e]N[T—2¢T — €], we have p(x, 1) = e’V ®D < 1. We therefore have

/ ¥ (5|9, w|* + s|w|* + 5> |wl?)
Q+
<cC / Y |fORI> + Ce®|fll}a_y ) + Cse“D?, (@)
Q+

for all s > s,.
We next set z := e*¥w and z satisfies

Az = e (Aw + G(x, 1)) in Q,
2(,0) =0, 8z(-0) = eCOf(HR(,0) on (=L, L),
2(—4,)=z((,-) =0 on (=T, T),

where
G := (2501 + asdx@) 0w + (—2s0x@ + asdrp)d,w
+ (597 + 50 l” — 5079 — 5%10:01* + asdcdrg + as’ I pdrp)w.

From Lemma 2.3, we have

”es‘/’(X,O)f“iz(_Z)z) < C/ eZS(ﬂ|atZ|2
Q

+

+C / e |fORI> + Ce®|f 12y + Clle¥ Gzl o) (5)
Q+
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and we also find
e Gz < Ce*™ (s|dyw| + s|dxw| + s*|w]) (|aw]| + s|w])

and thus obtain

1€ Gdrzli 1 (g, < c/ e (s]0yw)? + s|apw|? + s3|w|?).
Q

+

Furthermore, we have

14 T
/ engo lfatR|2 < C/ equ)(x,O) U-(x)|2 </ e—Zs((p(x,O)—(p(x,t)) dt) dx
Q+ —L _T

¢ 250(x,0 2 T 25 eVx—x01? (] _e—vBt?
C/ e2o )Lf(x)| </ e ¢ (-e )dt> dx
—t -T

o[ Of T2y ass— 00,

IA

IA

by the Lebesgue’s dominated convergence theorem. We apply this estimate and (4) to (5) to get
eSO f 1172 _pey < CeIf 72y + Cse“D?.

There exists ¥ > 1 such that for all x € [, £], ¢(x,0) = =%l > x> 1 holds. Therefore, taking
sufficiently large s > s*, we finally have

Ifllz2(—¢,e) < CD,s

for a constant C > 0 independent of f. [
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Appendix
Proof of Proposition 2.1: For simplicity, we write
Pp) =Y (x,0),  g(t) == 9 (x,8).

Simple calculation yields

o = ypp, e =yaqp,

0zp =’ +20)e. 89 =V’ —287)e,

dudip = v°pgy.

We introduce

w:=¢e%u, Pw:=eYAe ¥w.
Then,

Pw = 37w — 92w + 25(dpduw — Drpdiw) — 5*(10x9l” — adepdep — [drp)w
+ s(afw — a0x 01 — Btzw)w + adx0yw — as(0;poxw + 0@ w).
We decompose Pw into P w and P_w as follows.
Pow:= 32w — 82w + adydyw — s (10:01* — |9,0|* — adrpd0)w
and
P_w = 5(20x¢ — adip)dxw — s(20;¢ + adyp)orw + s(afgo — a0yt — Btzgo)w.
Note that Pw = Pyw + P_w. We wish to make the lower bound of ||Pw||
(P+W’P*W)L2(Qi)'

2 .
120wy and we therefore try to estimate

(Pyw, P_w)12(q,)

= / Btzw - 5(20xp — adip)dxw — / afw - 5(20¢1¢ + adyp)ow
Q

Q+

+

+/ 8t2w . 5(8)390 — a0, 01 — 8t2(p)w — / Biw - 5(20xp — adip)oxw
Q+ Q+

+ / :

“

+/ a0y ow - s(aﬁw — a0x0rp — Bf(p)w
Qs+

Oxw - s(201p + adyp)drw — f afw . s(8§<p — a0y 0 — 8t2<p)w

+ Qs+

o)

A0y 0w - S(20xQ — aodip) oW — f aodx 0w - s(20:¢ + adxp)orw
Qs+

Q

'+

- / s (|0xp)? — [810]* — adpdp)w - 52059 — adyp)dxw
Q+

+ / s (1axp]? — 18i0|* — adspdrp)w - s(20; + adsp)dw
Q+

- f $2(18xp|* — |8r0]? — adxdi@)w - s(320 — adedip — 02 @)W
Q+

12
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Through integration by parts, we get

1
Ji=—s| Qi — adp)=d(dw]*) — S/ 0¢(20xp — adip)dwdxw
Qs+ 2 Q+

s
- / 0x(20xp — aat¢)|atw|2 - s/ 0t (2050 — adip) s woxw,
2 Jo, Q+

1 s
I, =—s f (200 + aaxw)iatqamz) =3 / 3 (20,0 + adxp) |3 wl?,
Q+

Q+

S

1
s f (320 — adydrp — 320) 3wl — s f (@20 — aveiig — 9703 (wl’)
Q+

Q+

S
—s / (039 — addp — B 0) 0wl + 5 / 37029 — adedrp — 92 @) WP,
Q+

Q+

T
S . . s ¢

Ja= - / 0, (20xp — adyp) |9 wl® — = / [Qoxp — adyp)|0,wl?] __, dt,
2 Jo. 2 J-r

1
Js = —s / 8,(201 + adp) D wdw — s / 2049 + ad) =3, (| wl?)
Q= Q 2
S
— s f 8, (201 + ad) D wdw + / 32000 + ad) B2,
Q+ 2 Q+
2 2 2 2 2 1 2
Jo =s (05 @ — adx0ip — 37 @)|0xW|” + s 0x (059 — adx0rp — 07 @) = 0x(|W|")
Q+ Q+ 2

- S -
= / (029 — adydrp — 020) Wl — / 02(020 — adydrp — 02p) WP,
Q+ 2 Qx+
N
J; = —7/ ad;(20c¢ — ad;p)|dxw|?,
2 Qx
S
Js = f/ ady (20, + adyp)|dw|%,
2 Q+
2 2 2 2 1 2
Jo=—s a(dyp — adx0rp — 07 @) Wow — s a0x (0,9 — adyxdrp — 37 9) = 0:(|w|%)
Qx Q+ 2
_ a2 2\ S o (a2 P 2 2
= s / a(32¢ — addyp — D2@)Dewdw + > / adidy (82 — adydug — 2g)wl,
Qs+ 2 Qx
s 2 2 2
ho=5 / 8. (100 ? — 1 — adopdup) 20up — ady)) WP,
Q+
s 2 2 2
Ju = _Ef 0r((10xp|” — [0r0|” — adxp0r) (2019 + adxp))|w|*,
Qx

Jiz=—5 [ (10x@)* — [319]* — adydrp) (D — adcdrp — 97 @)Wl
Qx

First, we consider a part of the sum ZLl Ji- Set o (x, 1) := sy p(x, t) and

S T 21¢
B:= 5 / . [(20cp — adp)|dw] ]x=—e dt.

- _ 2 a _ 2 2
Z]k— oy | 29" +2apg+ —p° | +o(—4p +a”) | |0sw|
k=1 Qx 2

2
+/ [ay <2p2 — 2apq + a—q2> +o0(4— ,Baz):| |8Xw\2
Q+ 2
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loy((a® - 4)pq + Za(q2 - pz)) + o (—4Ba — 4a)]|oswdw
Q+

+ [ OGy*e)lw* - B
Q+

_ ap aq 2
—ZfQ;W(@*?)atW—( -5 dw)
+ / o [(—48 + a®)|9w|* + (4 — Ba®)|0xw|*> — 4a(B + 1)d;wd,w]
Q+

+ | O6y'o)lw?-B
Q+

> / o[(—4B + a)|dwl* + (4 — Ba)|9,wl* — 4a(B + 1)d;wdcw]
Q+

+ [ OGy*e)lw*—B
Q+

To estimate the terms o x (first-order terms), we use the next energy inequality.

(Pyw, —ow)2qy) :/ Piw-(—ow)
Q+

:—/ aatzww—{—/ odiww
Qs Qx

+ f 02 (130 — adepirg — 13ro Pl — / a0 Dy
Qx

Q+

Integration by parts yields

1
11=/ syatwfat(|w|2)+/ sy@logw|?
Q+ 2 Q+

1
=/ syglawl* — f[ sydtolwl,
Q+ 2 Q+

1
12=—/ syaxso—axﬂwwz)—/ sy pldxwl*
Q+ 2 Q+
1
= —/ syoldcwl + f/ sy dZo|wl?,
Q+ 2 Q+
L= / Sy ool — adrgdep — 1Bl
Q+
1 2
Iy = asy 0xp = 0 (Iw]”) + asy pOywoxw
Q+ 2 Q+

1
= —f/ usy8t8x<p|w|2+/ asy QOoswoxw.
2 Jau Q+

Hence, we have

4
/ Piw-(—ow) = Zlk
Qx k=1

:/ a|8tw|2—/ a|axw|2+/ aadtwaxw-i-/ |:—fsy8,<p+fsydz
Qs+ Qs+ Q+ Q4+

P a
+ Py e(10:pl* — adspdrp — [310]*) — Esyataxso] lw|?

(A1)
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= / o|ow)? — / o |0yw|? +/ ac dwdw
Qx Qx Q+
+ [ 16 - = apa) + Oy pline
Q+
Let 1 € R be a constant to be determined later. Multiplying (A2) by 21, and adding it to (A1) yields
9 4
S+ K+B
k=1 k=1
> / o (—4B + a® +2u)|9,w|* + / o (4 — Ba® — 210)|dwl?
Q+

Q+
+/ o(—4Ba — 4a + 2au)dywo,w
Q+
+ g [0? - 2u(* — apq — ¢*) + OGsy*p) + Oy o) |l
+

z/ o(—4f 4+ a®> +2u — €| — 2Ba — 2a + au|)|d;w|?
Q+
1
+/ a(4—,Ba2—2u—7|—2ﬂa—2a+a,u|)|axw|2
Q+ N

+ /Q [0° - 20 — apq — ) + Olsy*0) + O(sy )] Iw.
+

for all € > 0 to be determined later. We wish to choose € > 0 such that both coefficients are positive, i.e.
—4ﬂ+a2+2,u—€| —2Ba—2a+au| >0,

1
4—ﬂa2—2/,c——|—2ﬁa—2a+tm|>0
€

(A2)

(A3)

holds. This claim follows only if ;1 satisfies wW=2B+Du+p@+49 <0 pm—-—pF-10>*<p2—@+2)p+1.
Therefore, if we choose 1 := 8 + 1, by our assumption of 8 > 0, this inequality holds and (A3) also holds. Hence, there

exists a positive constant C > 0 such that

9 4
Z]k +2u ZIk + B
k=1 k=1

e / o ([l + [B,w) + / 2uc™ (P — apq — ) + O(sy*e) + O(sy* o) Iwl.
Q+ Q

+

Finally, we estimate zeroth-order terms. We have

3(a® -2 9 3
Jio = / o’ [y <3p“ XD e fﬁq + fptf) +(6p* + (@ —2)q" — 6apq)] wl?,
Q+

2

(A4)

3(a® -2 3 9
Ju = /Q o3 [y (34* ML g+ fpf) — (@~ 2)Bp* + 6B + 6ﬂapq>] wi?,
+

2
Ji2 = /Q 03[ —y(* —apq — ¢»)* — 2(B + D(p* — apq — qz)]IWIZ.
'+

Hence, we have

12
Y k= / 03[)/ 2> —apg — ¢°)°
Q+

k=10

+ (4= @B)p? + (@ — 4p)4” — 4(B + Dapq Wl
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Adding this equality to (A4) yields

12 4
Z]k + 21 Z L +B
k=1 k=1

= (P+W’P—W)L2(Qi) + 2(P+W, —,LLO'W)LZ(Qi) + B
> [ oo +iawl)+ [ (o' 2% - apg - 2
Q+ Q+

+0* (@ —a’B)p’ + (@ —4B)g” — 4(B + Dapq +2u(p* — apq — q°)}
+0G6r*e) + OGy’o)lwl. (A5)
We consider the coefficient of o-3. Noting u = B + 1, we have
@ =ap)p’ + (@ —4p)q° — 4B + Dapq + 2u(p* — apq — °)
= (4= @B’ + (@ —4B)q* — 4B + Dapq + 2u — 20)(p* — apq — ¢*) + 20(p* — apq — q*)
= 2(u = )" —apg — ) + Qv + 4 — a>f — dalv + 2 +26))p’
+ (—zv fat—4p — §|u +2+2ﬂ|> &
for all § > 0 to be determined later. We wish to choose § > 0 such that

2044 —a’B —Salv+2+28| > 0,

—2v4a® —4B—§lv+2+28| > 0. (A6)

Such § exists only if v satisfies v2 4+ 2(8 + 1)v + f(a? +4) <0 & (v + B+ 1)2 < % — (a* + 2)B + 1. Therefore, if
we take v = —u = —B — 1, both the above inequality and (A6) hold. Hence, there exists constant a C > 0 such that
(4 —d’B)p’ + (@® — 4B)q° — 4(B + Dapq +2u(p* — apg — ¢°)
> 40+ B¢ — apqg — ¢') + C@* + ).

We apply this estimate to (A5) to obtain

12 4
Z]k +2u Zlk +B
k=1 k=1
= Cf o (19wl + 3:w]%) +/ [y - 20 — apqg -
Qs+ Qs+

+ 0 4B + D — apg — 4) + Cp? + ) + Olsy*9) + O(s7*9) |Iwl?

> c / o (1w + [B:wl?)
Q+
1\?2 2 1?2
+/ [03 2y ((pz —apg— )+ ﬁi) P {C(p2 + ) - w}
Q+ Y Y
+OGsye) + O(sy%)} |w|*
> [ oGt + i)
Q+

(03 + OGye) + Oy )l Iwl™.

2(8 + 1)2>
14 Qx

. 2

el g

>C / o (|3ew]* + |axwl®) + C / (07 + OGye) + Oy p)lIwl,
Q+ Q+

for sufficiently large y > 0.
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The Cauchy-Schwarz inequality then yields

C/‘WWWV+ﬂ@MkHﬂM%+/ [OGye) + O(sy>p)]|w]?

1 2
Ewmm@ﬁ+f O@)Iwl* + B,
We can choose s > 0 large enough to ensure
f (@9wl* + o ld:wl* + 0 |wl?) < ClIPwl}, o, , + CB.
Qx *

We define w = e*“u and thus obtain d;w = €*% (3;u + s0;pu) and dyw = e*¥ (3xu + sdxpu). Again by choosing s > 0
large, we can rewrite the inequality in terms of u = we™:

/ e¥? (o |0.ul? + o|0ul® + o3 |u?) < c/ e*?|Aul® + CB.
Q+ Q+

Here, we get
B= / p—fq |8w|] dt

<cC / (ez“/’“>f>a(5, 1051l ) + 22D 5 (0, 1) deu(—L, t)|2) d
-T
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