
(C/,�����
<$�.�

0

1
C 1

�02D7����	#&��A7�:- 9
����#&���	<+�>5�*�
�8"<+��?�#&���A��;)

��0�8"��#&68"'3�A�
�B"
����#&@�0��?
�="#+1�#&@�(��%�4!

095106-4 Nakamura et al. Rev. Sci. Instrum. 89, 095106 (2018)

III. RESULT

The FR signal VFR0 recorded in the digitizer is shown in
Fig. 3(a). Points 1�, 2�, 3�, and 4� represent the starting of
discharge into the CL coil (time = 0), the observed minima,
maxima, and inflection point, respectively. The offset contri-
bution Voff (thick broken curve) in VFR0 was the summation of
the intensity of reflected light on the surface of linear polarizer
(i, time-independent) and that of bright light from the implod-
ing liner (ii, developed from 38.5 µs). The similar luminous
phenomena with bright light have always been observed in the
EMFC experiments.6,7,23 A guideline passing through 1� and
3�was drawn as a thin dotted curve, which indicated the incre-

ment value of (ii). Voff was evaluated by a vertical shift of the

FIG. 3. (a) Time dependence of the FR signal, VFR0. Thick broken curve
shows the offset. (b) Time dependence of the calibrated FR signal, VFR.
(c) Time derivative of Bpc(t). (d) Enlarged view of VFR at around 40 µs.
(e) Magnetic field waveforms measured by the FR probe BFR and the pickup
coil Bpc.

guideline, in order to pass the minimum 2�. The calibrated FR
signal VFR = VFR0 � Voff is shown in Fig. 3(b) as an intrin-
sic FR signal. We note that the optical probe was destroyed
just after the point 4�, judging from an abrupt and abnormal
decrease of VFR. Therefore, the FR signal should be extrinsic
after the point 4, and we draw it by a dotted line. Figure 3(c)
shows the time derivative of the magnetic field simultaneously
measured by a pickup coil with the FR probe.

Figure 3(d), with normalized VFR, is an enlarged plot of
Fig. 3(b) at around 40 µs. An inflection point 4� was found at
40.8 µs, where VFR approached an intermediate value between
2� and 3�. VFR almost saturated just before 4�, indicating the

saturation of the magnetic field (turn-around phenomenon).
More enlarged view is represented in the supplementary mate-
rial. For calculating the FR angle ✓FR, the following formula
was used:

✓FR = cos�1*.
,

s
VFR(t) � Vmin

Vmax � Vmin

+/
-
. (1)

Here, Vmax and Vmin are the maximum and minimum values
of VFR, respectively. The magnetic field calculated from ✓FR,
BFR = ✓FR/vLeff, is shown as a solid curve in Fig. 3(e). The
determination of the Verdet constant v is described in detail in
Ref. 21 and in the supplementary material. The broken curve
Bpc is the magnetic field measured by a pickup coil. The pickup
coil could monitor the field up to 40.3 µs (640 T) where the
coil wire was cut.21

BFR and Bpc were almost congruent to
each other up to 640 T. BFR was discontinuous at 39.9 µs
and 40.6 µs because the differential curve of ✓FR became
divergent at 90� and 180�, respectively. The peak magnetic
field intensity at the turn-around point 4� was calculated to be
1200 T.

IV. DISCUSSION

Figure 4(a) compares several magnetic field waveforms,
of maximum intensities 1200 T (A), 985 T20 (B), and
730 T7 (C), generated by the EMFC technique. The mag-
netic fields (B) and (C) were generated by using 4.0 MJ from
the previous condenser banks (see Sec. A of the supplemen-
tary material). The seed magnetic field intensities, B0, were
3.0 T (B) and 3.8 T (C), respectively. The primary coil was the
CL coil with the same dimension all through the experiments
(A) to (C).

In experiment (A), the injected energy was 3.2 MJ, which
corresponded to 80% of that in experiments (B) and (C). How-
ever, the time to reach the maximum magnetic field did not
differ much. This indicates a significant increase in the energy
transfer efficiency—from the electrical energy injected into the
primary coil to the kinetic energy of the imploding liner. The
electric current waveform flowing into the primary coil (mea-
sured by the Rogowski-coil) is compared in Fig. 4(b). The
initial slope of the curve (A) was 0.41 MA/µs, and increased
24% from that of (B) (0.33 MA/µs), and a larger current flowed
up to 30 µs (hatched region). Just after the discharge of the main
condenser banks, the mutual inductance between the primary
coil and the liner is still large and then eventually decreases
with time. Therefore, the energy transformation from the elec-
trical energy to the liner kinetic energy becomes more efficient,

1200 T

C
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FIG. 1. (a) Schematic view of the
EMFC megagauss generator. (b) Cross
section of (a). (c) Copper-lined primary
coil and a pair of seed field coils. [Repro-
duced with permission from Nakamura
et al., Rev. Sci. Instrum. 84, 044702
(2013). Copyright 2013 AIP Publish-
ing LLC.] In (a), one of the initial seed
field coils is presented in the displaced
position, for more visible view of the
primary coil. The primary coil is cov-
ered by an anti-explosive block made of
bulk iron-steel, which is omitted in the
drawing (a).

FIG. 2. Schematic diagram of the reflection-type FR measurement setup. The right part shows an optical FR probe placed in the CL coil.


