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Section A: Proof of the “collapse recipe”

In this section we prove the “collapse recipe”, which
states that in the absence of phase backaction, the multi-
time correlator

Kgl@,”gl\, (tl,tg, ...tN) = <IZN(tN)~~~IZQ(t2) Igl (t1)> (1)

can be calculated by replacing the actual continuous mea-
surement with projective measurement of operators oy,
at time moments t; (k =1,2,... N, t; <ty < ... < ty),
while the qubit evolution at t # t; is replaced with the
ensemble-averaged evolution. In the proof we show that
the value of the correlator K obtained in this way coin-
cides with the value obtained from the quantum Bayesian
formalism, in which the qubit evolution is described by
the stochastic equation (in Ito interpretation)

T = Acns("' - Tst) + i M gl(t)v (2)
Pl

where 7 is the vector of Bloch-sphere components, p =
1/2+ro /2, the output signal of the £th detector contin-
uously measuring the qubit operator o, = nyo is

Ii(t) = mgr(t) + /T &), (3)

7¢ is the corresponding measurement (collapse) time
(the quantum efficiency 7, is not important for corre-
lators), and &(t) are the uncorrelated white noises with
(&e(t) & () = pd(t — t'). The Markovian ensemble-
averaged evolution of the qubit state is given by Eq. (2)
without the noise term,

7:'ens - Aens (T.ens - Tst)~ (4)

The evolution is assumed to start with some initial state
rin at time t;, < t;. All parameters of the measure-
ment and evolution (Aens, Tst, T¢, Te, N¢) can be time-
dependent.

We will first prove the collapse recipe in a simple way
and then will prove it in another, more formal way.

1. Simple proof

The simple proof of the collapse recipe closely follows
the proof for two-time correlators in Refs. [1] and [2].

Understanding of this proof is easier after understanding
of proofs in Refs. [1] and [2].

The proof uses linearity of quantum mechanics. In
particular, from the linearity, the correlator (1) can de-
pend on the initial state r;, only linearly, K = vry, + C,
where the vector v and the number C' can depend on
all parameters for the correlator, but do not depend on
7in. The linearity is better seen by introducing 4-vectors
for unnormalized density matrices, ¥ = (u,z,y,z) for
p= (ul +z0, +yo, +20.)/2; then K = 07, with some
4-vector v, which does not depend on 7,. Note that
quantum evolution is linear for 4-vectors 7, but is not
necessarily linear for 3-vectors r. The evolution, which
is linear for 3-vectors r, is called unital.

The correlator (1) is the average over the ensemble
of quantum trajectories, starting with initial state ri,
at time t;,. Let us discretize time into small but still
non-zero timesteps At, so that the noises & () are not
infinitely large (|&| ~ 1/v/At). Since the values of the
output signals I,(t) at t # t; do not affect the correla-
tor K, we can pretend that during these timesteps the
signals I;(t) are not available to any observer, and there-
fore the qubit evolution is equivalent [3] to ensemble-
averaged evolution given by Eq. (4). Thus, we need to
take into account the full Bayesian evolution (2) only
during timesteps t;. Moreover, since at time t; only the
output from ¢ith detector affects the correlator, in Eq.
(2) we can neglect all the terms in the sum except for
¢ = {. Integrating Eq. (2) over the timestep At around
ti, we obtain the “Bayesian kick”

ng, — (Mg, TE) Tk

T[k

Ar, = Ar(ty) = o, (ti) AL, (5)

where r, = r(t) and |, | ~ 1/v/At. With At — 0, this
information-induced kick becomes infinitesimally small,
so its effect on further evolution is infinitesimally small.
However, its contribution to the correlator (1) is signif-
icant, since the signal Iy, (¢x) in the correlator contains
the term /7, &, (tx) [see Eq. (3)], so the effect of the
Bayesian kick (5) is proportional to the product

VTt Eo () ATy = [ng, — (ng,mi) mi] €, (8:) AL, (6)

which is non-zero since on average & (t) At = 1.
Let us prove that we can apply the collapse recipe to
the measurement at time ¢ in the correlator (1). This



means that the value of the correlator would not change if
we replace the actual signal Iy, (tx) in Eq. (1) by I, (tx) =
+1 with probabilities

pf = lin%rk’ (7)
and correspondingly greatly increase the Bayesian kick by
starting the further evolution with the state r(t; +0) =
+ny, (i.e., the corresponding eigenstate of the measured
operator oy, ). In the proof we assume fixed (though ar-
bitrary) values for all previous measurements Iy, , (tx <),
so that rj is fixed. Then the N-time correlator (1) re-
duces to a product of Iy, (t1) Iy, (t2) ... Iy, _, (tx—1) and the
remaining (N+1—k)-time correlator. Therefore, this cor-
relator depends linearly on 7 (better to say, on 4-vector
7). — see discussion above).

Let us separate the correlator (1) [with fixed
Iy, (ti<k)] into two terms, K = K,gl) + K,f), which
correspond to the two terms in Eq. (3) at time ¢, i.e.,

K,gl) = <IgN(tN)...ng+l(tk+1)>’I’Lng‘kng_il...Igl(tl) and

KIEQ) = <IZN(tN)~-~I€k+1 (tk+1)mgék(tk)> Iy, .. qo, (tl)'

Because of the quantum linearity, the value of K ,gl) will
not change if we replace my, 7, with I, = +1 and
start the further evolution with the unnormalized den-
sity matrix pf (tx +0) = (ng, ) p(tr) = (ne, i) 1/2 +
(ng, i) (rro/2). Note that we need to multiply all el-
ements of p by my,ri; this is why the normalization
changes, Tr(pf) = ny, 1. This is necessary because for
non-zero stationary state ry, the evolution (4) of the
Bloch-sphere components is non-linear, even though the
evolution of the density matrix p is linear.

The same linearity-based idea for K ,S:Q) needs to take
into account the Bayesian kick (5). It is easy to see that
KIEQ) will not change if we replace /77, &g, () with I, =
+1 and start the further evolution with p3 (t + 0) =
[re, — (ng,71) 7] /2 — see Eq. (6). Note the zero trace
of p3; this is because the Bayesian kick does not change
the trace.

Adding the contributions from K ,gl) and K ,(62) and us-
ing the linearity, we see that the correlator K will not
change if we replace Iy, with I,, = +1 and start the fur-
ther evolution with p* (¢, +0) = pf (tx + 0) + pg (tx +
0) = (ng,rr) 1/2 + ny,0/2. Using the linearity again,
we see that K will also not change if we replace Iy,
with I, = —1 and start the further evolution with
p (tp+0) = —pt(tx+0) = —(ng,r) 1/2—mny,0/2. The
value of K will also not change if we use one of these two
replacements probabilistically. Note that p* (t;+0) differ
from the normalized eigenstates 1/2+ny, o /2 of the mea-
sured operator oy, only by (£ng, rr—1) 1/2. If we choose
the replacements I, = £1 with probabilities given by
Eq. (7), then the effect of this difference will be cancelled
on average since ), +(E£mgry — 1)(1 £ ng,ry) = 0.
Therefore, the value of K does not change if we start
the further evolution with the states 1/2 +ny, o /2, as if
after the standard projective measurement of oy, .

Thus, we have proven that we can apply the col-
lapse recipe to the measurement at time tp, assum-
ing fixed measurement results for the previous measure-
ments. Since the values of the previous measurement
results are arbitrary, the assumption of fixed results is
not needed. Finally, since the collapse recipe can be ap-
plied separately to measurement at any time moment ¢
in the correlator (1), it can be applied to all of them. This
completes the proof of the collapse recipe for multi-time
correlators (1).

Note that instead of using the collapse recipe and work-
ing with normalized states, we can also calculate the
correlator using the described above procedure based on
unnormalized states. In this case at each moment ¢,
we replace Iy, (tr) with I, = +1 and start the further
evolution with p*(tx + 0) = (ng,7x) ur 1/2 + ny, 0/2,
where ur, = Tr[p(tx)] accounts for possibly unnormal-
ized state p before t;. Since this procedure can be ap-
plied for all N moments t; and then the product of all
Iy, is 1, the value of the correlator is simply the norm
of the state after the last time moment ty. There-
fore this new “one-path recipe” for calculating the N-
time correlator (1) is the following. Start with the ini-
tial (normalized) state Ty, at the initial time ¢, and
propagate it using the ensemble-averaged evolution (4)
(which does not change the norm), also adding the “state
jumps” (which change the norm) at time moments ¢ as
p(ty +0) = (ng, i) up 1/2 + ny, /2. Then the norm of
the resulting state p(tx +0) is the value of the correlator.

This one-path recipe can be easily generalized to ar-
bitrary measurement operators in an arbitrary system.
For a continuous measurement of an arbitrary Hermi-
tian observable A, the quantum Bayesian evolution due
to informational backaction (in the absence of a unitary
backaction) is (the derivation is simple, the result is the
same as in the Quantum Trajectory theory [4])

. ApA—(A%p+pA?)/2  Ap+ pA—2pTr(Ap)
p S Vv2S

£(t),
(8)

where £(t) is the normalized white noise, (£(t)&(t')) =
d(t — t'), extracted from the normalized detector signal,
I(t) =Tr(Ap) ++/S/2&(1), S is the single-sided spectral
density of the detector signal noise, and 7 is the quan-
tum efficiency (so that the fraction 1 of the noise S is
“quantum-limited”). Since the first term in Eq. (8) is ob-
viously the ensemble-averaged (Lindblad) evolution, the
evolution due to measurement of several (generally non-
commuting) observables Ay in the presence of additional
unitary evolution and decoherence (but still without uni-
tary backaction from measurement) is

. Agp + pAy — 2pTr(A
p=Lll+), LE ZTSZp er)

where I(t) = Tr(Agp) + \/Se/28&(t), (€e(t) & (') =
deer 8(t — '), and L[p] is the ensemble-averaged Lindb-

fﬁ (t)v (9)



dad evolution, with the contribution from measurement
Lulo) = SlAwAc — (A2 + pA2)/2)/(20Sy). Follow-
ing the same idea as described above, for each time mo-
ment t; in the correlator (1), we can remove Iy, (tx)
from the correlator K, separating it into two parts, K =
K,E,l) + K,(f), so that for K,il) the (unnormalized) state
jumps from pi, = p(tx) to p1(tx+0) = Tr(Ay, pr) pi, while
for K}gg) the “Bayesian kick” changes pj into po(tx+0) =
(Ag,pr + preAe,) /2 — Tr(Ae, pr) pr — see Eq. (9). There-
fore, we can remove Iy, (t;) from the correlator (1), re-
placing it with the state jump

p(ti +0) = (Ag,pr + prAe,) /2. (10)

Thus, the one-path recipe for the N-time correlator (1)
in the general case is

KZ1[2...€N (tlut27 tN) = Tr[MtN g(tN|tN71) MtN*l.”
My, E(ta]t1) My, E(tiltin) pin], (11)

where E(t|t') is the trace-preserving ensemble-averaged
evolution (operation) from time ¢’ to ¢ due to Lindblad
term p = L[p], while My, p = (Ag.p + pAs,)/2 is the
trace-changing operation, related to measurement (with-
out unitary backaction) of the operator Ay, at time ¢j. If
a unitary backaction of the form Y, —i[By, p| &(t)//2S¢
is added into Eq. (9) (B are Hermitian), with the contri-
bution to the ensemble-averaged evolution absorbed by
L[p], then the additional Bayesian kick produces an extra
term in Eq. (10): My, p = (Ag,p+ pAs,)/2 — i[Be,, p]/2.
The one-path recipe is similar to the result of a recent
paper [5] by Tilloy. Note the similarity of Eq. (11) to the
quantum regression formula.

The one-path recipe (11) based on unnormalized states
can be reduced to the physically transparent collapse
recipe (based on physical states) only when By = 0
and A? are positive numbers, i.e., scaled unity opera-
tors. (In the general case, it is still possible to gener-
alize the collapse recipe to work with normalized, but
unphysical states; however, then the physical meaning
becomes obscure.) In particular, the collapse recipe is
fully applicable for continuous measurement of multi-
qubit Pauli operators in an arbitrary system of qubits,
because then A? = 1. One can see this by noticing
that Eq. (10) in this case can be written as p(tx + 0) =

T oy ITE
+Tr[pp ] | =t
Zi [Pk zk] <Tr[,0k1_[2i_]
tion operator corresponding to the eigenvalue 1 of Ay, .
This form corresponds to the result +1 of the projective
measurement of Ay, , with probability Tr[pkﬂji} and with
the density matrix inside the parenthesis being the nor-
malized state after the projective multi-qubit collapse.

>, where H}i is the projec-

Completing the brief digression into the general case,
we remind that the main purpose of this section is the
proof of the collapse recipe for the case of a single qubit,
considered in this paper.

2. Alternative proof

Now let us prove the collapse recipe for the single-qubit
case in a different, more formal way. In this derivation
we will also obtain the correlator factorization result for
unital evolution, Eq. (11) of the main text.

In addition to the correlator K given by Eq. (1), let us
introduce the vector-valued correlator

Kél..,lN (tl, ...tN) = <7‘(tN) IEN_l(tN—l) e Igl (t1)>.
(12)

Note that in this notation for K, the last subscript £y
is not needed, but we keep it to remind us that K is
an average product of N terms. We will usually assume
t; <ty < .. <ty (as for the correlator K), but at some
point in the derivation we will need the time moment ¢
to cross ty_1. The correlator K can be easily obtained
from K as

Ko oan (e, tn) =ne Ky (t1, . tN), (13)

since the noise contribution /¢, e\ (tx) to the output
signal Iy, (ty) [see Eq. (3)] is not correlated with past
qubit states.

Let us separate K into two terms, K = K + K,
which correspond to the two terms in Eq. (3) for the
signal Ip,_, (tn—1),

KD, (t e ty) = () [rey m(ty )]
X Ipy o (tn—2) - Iy, (t1)), (14)

<r(tN) [\/ Ten—1 §€N71 (tN—l)]
X IZNfz(tN*Q)"'Ifl(tl)» (15)

2
K&, (tr,..tn)

The derivative of K1) over the last time moment ¢y can
be obtained from Eq. (2),

B K ) (t1,etn) = Aens(tn) (Kéll.)..zN (t1,..tx)
*Tst(tN)Kzl...zN_l(th---tN—l)), (16)

where we included possible dependence of Agns and 7
on time. The initial condition at tx = ty_1 + 0 is

Klgll.)..zN(tla N1t +0) = (r(ty_1)
X (ney_ r(tn—1)) Toy_y (En—2) -+ I, (t1)). (17)

The time derivative of K over ty can also be obtained
from Eq. (2), which gives

8tNK£512‘)H£N (tlv tN) = Aens(tN) Kéf)fN (tl, tN)
+ <["€N71 = r(tn-1) (e, 7(tn-1))]

X Ly a(ty2) <+ I, (1)) 8ty — 1) (18)

Note that K3 = 0 for ty < ty_1 because of causality,
so the second term in Eq. (18) sets the initial condition



at ty = ty_1 + 0, caused by the Bayesian kick. Also
note that at ty > ty_1, the evolution of K is linear
(due to Agyns); it does not have the inhomogeneous term
containing ry; as for the evolution of K in Eq. (16).

Solving Egs. (16)-(18), we find K and K® for ¢y >
tn_1, starting with the value (17) of KW atty =ty_1+
Oa

K\, (t,ety) = Plinltn-1) K, (tr,ty—1 +0)
+ Po(tnltn-1) Keyon_y (t1, - tn—1), (19)

K, (t,ty) = —Plinltn—1) KL, (t1, e tyoy +0)
+P(tNltN—l)nENflKel...eNfz(tl7"' (20)

where P(t[t) is the 3x3 propagator matrix for the homo-
geneous part of the ensemble-averaged evolution (4), so

tn—2),

that 9P (t|t') = Aens(t) P(t|t) for ¢ > ¢’ and P(¢|t) = 1,
while Pg(t|t') is the contribution from the inhomoge-
neous part,
t
P(t]t) == | PEt") Aens() ree (") dt”.  (21)
t/

From Egs. (19)-(21) and (13)—(15) we find the re-
cursive formula, which relates the N-time correlator

Ky, on(t1, ...tN) with (N — 1)-time correlator and (N —
2)-time correlator (for N > 2)
Ko on(ti, o tn) =mpy PlEN|tN—1) ey,

X Kfl...eN,Q (tlv tN—Q)
+ ngN'Pst(tN|tN_1) Kél...ZN,l(tl, tN—1)~ (22)

Note that for N = 2, the only difference in the deriva-
tion is that the product Iy, _,(tn—2) - Ip, (t1) in Eq. (18)
should be replaced with 1. As a consequence, the (N —2)-
time correlator in Egs. (20) and (22) should be replaced
with 1. Therefore, Eq. (22) is also valid for N = 2 if we
define the 0-time correlator as being equal to 1.

Thus, the recursive relation (22) is sufficient to derive
explicit formulas for N-time correlators, if we comple-
ment it with the correlator for NV = 1, which is simple,

Ky, () = ne,r(t). (23)

Now let us show that the N-time correlators obtained
via Egs. (22) and (23) coincide with the correlators ob-
tained using the collapse recipe. Since for N = 1 the
collapse recipe obviously gives Eq. (23), we only need to
prove that the recursive relation (22) also follows from
the collapse recipe (with the correlator for N = 0 defined
as 1). Note that applicability of the collapse recipe to
the two-time correlator was proven in Ref. [2].

Let us rewrite Eq. (7) of the main text (following from
the collapse recipe, as indicated by the superscript below)

in the form
2N

tn) = Z{Ilk::tl} Loy

% ]- + IeNnZNT.enS(tN{I£N71n2N717tN*l)
2

N—-1
<I1,_, Hep(otelle )] x Iop(le, ), (24)

Kol (t, ...

where

rens (tN|IeN71nZN717tN71) = IENflp(tN|tN71) nzN71
+ Pse(tnltn-1), (25)

is the solution of the ensemble-averaged evolution (4)
with the initial condition Iy, ,m¢, , at time ¢{x_;. Note
that the last line of Eq. (24) summed over all combina-
tions of I, = %1 except summation over Iy, , is the
(N — 1)-time correlator Kgf”zN 1(t1, v tN—1)-

The term 1 in the second line of Eq. (24) can be re-
moved because of summation over I, = £1. After re-
moving 1, we see that I, in the first and second lines
cancel each other since I, EN = 1. Therefore, Eq. (24) can
be rewritten as

2N—1

MU IMES (T —+1) Ny

[IzN ) (tN|tN Doy, + Pltnltn-1)]
XH Izk (Toe st Lo,y s te—1)] % Le,p(Ie, 1), (26)

where there is already no summation over the last
output Iy, and we used Eq. (25) for 7ens. Let
us separate K into two terms, corresponding to
contributions from the two terms in the second line
of Eq. (26). The second term (containing Pg) is
T Pst(En|tn— 1)K§f“£N l(tl,...tN,l), thus coinciding
with the third line of Eq. (22). In the remaining first
term, let us substitute the product Hivgl with prod-

Kcoll

uct Hk 5 multiplied by the corresponding factor for
k = N — 1, and then use relations 12 ., = 1 and
ZIzN 1—i1p(I€N tn_1 ey tN—2) = 1 This gives
us My, (tN|tN 1)’ngN 1KEFIZN 2(t1’ ...tN_g), which is
the first term in Eq. (22). Thus, we have obtained the
same recursive relation (22) for K. Therefore, we
have proven that the collapse recipe gives the same re-
sult for N-time correlators as the calculation based on
the stochastic evolution equation (2).

Note that the recursive relation (22) can be used di-
rectly to derive the main result of the paper: factoriza-
tion of the N-time correlator in the case of unital evolu-
tion, Eq. (11) of the main text. Since rs, = 0 for unital
evolution, from Eq. (21) we obtain Py = 0, so the re-
cursive formula (22) relates the N-time correlator only
with the (N — 2)-time correlator. It is easy to see that
the coefficient ng, P(tn|tn—1) ey _, is the two-time cor-
relator Ky, oy (tn—1,tN), as also follows from Eq. (22)
for N = 2, since K = 1 for N = 0. Thus, for unital
evolution, the N-time correlator is a product of two-time
correlator for the two latest time moments and the re-
maining (N — 2)-time correlator. This gives Eq. (11) of
the main text.



Section B: Experimental multi-time correlators

Our theoretical results for the correlators have been
checked against experimental data from the experiment,
in which a physical qubit (transmon), embedded into a
3D Al cavity, is subject to relatively fast Rabi oscillations
with frequency Qr/27m = 40 MHz. The physical qubit
is dispersively coupled to the two lowest cavity modes;
each of them is off-resonantly driven with two sideband
tones at frequencies wy ; £ ¢ (where ¢ =~ Qg), with a
relative phase ;. Here i = z, ¢ labels the cavity mode
that performs continuous measurement of the observable
o; of the effective (rotating frame) qubit, and w;; is the
frequency of the corresponding cavity mode. Details of
the measurement technique are discussed in Ref. [6] (see
also Ref. [2]).

The measured effective qubit is defined in the frame,
which rotates with frequency Q¢ with respect to the lab-
oratory frame of the physical qubit. The measurement
axes on the Bloch sphere of the effective qubit are de-
termined by the relative phases §; of the sideband tones,
with position of the effective z axis defined arbitrarily
within the zz plane of the physical qubit rotations. We
choose one of the measurements to be exactly the o,
measurement; the other measurement direction is shifted
by an angle ¢, thus corresponding to the observable
0, = 0, c08p + 0gysingp. In the experiment ¢ = nm/10
with integer n = 0, 1, 2,...10. The effective qubit is ini-
tialized at ¢ = 0 in the middle between the measurement
axes, i.e., at the states r& = 4{sin(p/2),0,cos(¢/2)}.
Approximately 200,000 readout trajectories are recorded
for each angle ¢, with approximately 100,000 trajectories
for each initial state (we use only trajectories, selected by
heralding the ground state at the start of a run and check-
ing that transmon is still within the two-level subspace
after the run [2]).

The ensemble-averaged evolution for the effective qubit
is [2]

& =-T,x—-T,cosp(xcosp— zsing) +Qz — vz,

(27)
g=—(T:+Tp+T3 "y, (28)
5 =T,singp (zcosp — zsing) — Qz — vz, (29)

where I', and I, are the measurement-induced dephasing
rates in the corresponding bases of the two measurement
channels, Qr = Qr — Q¢ is a small residual Rabi oscilla-
tion frequency, v = (T *+7T5 )/2, and T} and T; are the
intrinsic energy relaxation and dephasing times for the
physical qubit. In the experiment I', ~ I, ~ (1.3 us) ™"
(denoted T in the main text), 77 = 60us, To = 30 us,
and Qg /27 ~ 12kHz.

Experimental three-time correlators are calculated us-
ing the experimental (unnormalized and slightly shifted)
output signals I, (t) and I,,(t) from the two measurement

channels as
tatT T (t + Atoy + At32) — Joff
ta ©

I — Joff T, (t) — Iof
" Iz(t+Af21) % I,( )~ ® )>@’ (30)
AL /2 INWE

T

where the time integration over duration 7' = 0.2 us is
needed to reduce correlator fluctuations, the small con-
stant, offsets I are less than 0.2 in magnitude (see [2]

for details), and experimental responses are Al = 4.2
(in Ref. [2] we used 4.0) and Al, = 4.4. To avoid ini-
tial transients in the data, we use t, = 1us. The su-
perscipts in the correlators K jw correspond to the ini-
tial states roi, the ensemble averaging is over the cor-
responding ~ 100,000 trajectories. Since theoretically
K., = —K},,, in Fig. 1 of the main text we plot the
difference,

K2 (Atar, Atsg) = [KT, (Atar, Atsy)
— K_,.(Ato1, Atsp)] /2. (31)

The experimental four-time correlators plotted in Fig.
2 of the main text are calculated as

t+ Aty) — Iof

tat T Iy (
Kzapzap(AtQD At?>27 AtéLS) = / <
t

. Al,/2
Lt Aty - 1" I(t + Atay) — I
AL/2 Al /2
L(t) — I\ at
x L2 N 32
AL /2 > T (82)

where Atgl = Atgg + Atgl, At41 = At43 + Atgl, the
averaging is now over all trajectories (starting from both
rd and r; ), and we use T = 500 us and t, = 1pus. We
need a larger averaging window T since the four-time
correlators are noisier than the three-time correlators.
The theoretical lines in Figs. 1 and 2 of the main text
are calculated using the two-time correlator K. (1) =
K.,(ti,t1 + 7) derived in Ref. [2] (see below); for the
three-time correlator we also need the average (I,(t)) =
z(t) cos p+x(t) sin ¢, which is calculated using Eqgs. (27)—
(29) with the initial condition (0) = 5. The two-time
correlator K, (7) is calculated analytically as [2]

(T, +T,)cosp+ 20R sing , _p T
Kz - T _ +T
o(T) 2T =T ) (e e )
+ 2L (T e, (33)
where

L T, +T, £ [[2 + T2 + 2., cos(2p) — 403] "
: :

(34)
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