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The Plasma Wave Experiment (PWE) aboard the ERG mission, just in the design phase, is
introduced. It will observe the electric field (from DC to 10 MHz) and magnetic field (from few
to 100 kHz) for the clarification of global plasma dynamics, energetic processes, and wave-
particle interactions in the radiation belt. It is based on the FM design of Plasma Wave
Investigation (PWI) aboard BepiColombo Mercury Magnetospheric Orbiter (MMO), whch FM
is just now tested at ISAS. Some key parts are also related for the future Jovian mission studies
with European and US colleagues. The key issues are:

(a) Examination of the theories of high-energy particle acceleration by plasma waves,

(b) Diagnosis of plasma density and temperature, and

(c) Investigation of wave-particle interaction and mode conversion processes.
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ERG/PWE: Plasma Wave Experiment

~ from Mercury (Bepicolombo/Mmmo-pwi) to Earth’s Radiation Belt ~

Electric Field Sensors (32m tip-to-tip dipoles)
WPT (Wire-Probe anTenna) DC-10MHz [Tohoku U et al.]

Magnetic Field Sensors (search-coils)
SC (3-axis Search-Coils)

0.1 Hz - 100kHz  [Kanazawa U et al.]

DC/Low frequency Electric field (E: DC — 128Hz [256Hz waveform])

EWO-EFD (Electric Field Detector) [Toyama Pref. U et al.]
Low/medium frequency E/B field (E: 10Hz - 20kHz, B: few - 20kHz)

EWO-WFC/OFA (WaveForm Capture/Onboard Frequency Analyzer) [Kyoto U et al.]
High frequency E field (E: 10kHz - 10MHz, B: 10kHz - 100kHz)

HFA (High-Frequency) [Tohoku U et al.]
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Plasma waves and E field o [z
in the inner magnetosphere
during storm
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Spectrogram of plasma waves in the inner
magnetosphere during geospace storm, which
suggests large scale variation of plasmasphere

structures and injections of energetic electrons

Ep_Indes

Unusual electric
field structure
during
geospace storm
[Rowland and
Wygant, 1998]
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Correstondence between relatlivistic
electrons and intense whistler-mode
chorus emissions during storm.
[Miyoshi et al., 2003]
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Scientific Objectives of ERG/PWE

Relativistic electron acceleration E field in the inner Plasma waves in the inner

by plasma waves magnetosphere magnetosphere
-Verification of quasi-linear theory & | -Evolution of E field -Diagnosis of plasma density,
Development of non-linear model of | structure in the inner temperature and composition in

acceleration process by waves magnetosphere during the plasmasphere by waves

-Direct detection of non-linear wave- | Storms *Wave-particle interaction and
particle interaction between whistler- | -Generation mechanism | mode conversion inside and

mode chorus and medium energy of intense E field during | outside of the plasmasphere
electrons. storms.
EWO-E/B, HFA + WPT/MEF/SC EFD + WPT/MEF EWO-E/B, HFA + WPT/MEF/SC

(MO ety e

L ket i) (1508 < T < batey

[Miyoshi et al., 2003] [Rowland and Wygant, 1998]
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Sensitivity & Dynamic range Issue

Wide coverage of both

eggs of Non-linear processes ~ weak waves
results of Non-linear processes ~ largest waves
in the Radiation belt's !

TD55: 11-13-1998/18:20:59.590 UT

dE >100 mV/m (largest
observed >300 mV/m)

OK! . dB>I nT (largest
Development in 2012FY observed >8 nT)
support the feasibility.

Amplitudes correlated

with AE £ ~200 mV/m

MSC saturation levels
at several kHz

Poynting flux for this event was
>300 pWim? , roughly four orders

3 71i gy T
o

10 nT (for low gain)
1 nT (for high gain)

of magnitude above estimates from F~200 mV/m

i

© f,~300Hz 3

previous satellite measurements - £ II fe~ 12.65 kHz

' 2 WAVES Coordinates

e Wilson et al. {2010: 2011) Time (ms
&

Chapman Conference on Radiation Belts

Strong waves found by Wind (Cattel et al. 2011)
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Low frequency wave issue B Example: Magnetosonic Waves

Horne et al. [2007, GRL]

Akebono VLF ELF KSC 910614-05
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EFD (128Hz waveform in Bepi)

> “256Hz waveform”
“Higher gain” by DPB  [+-100mV/m, 16bit]
“Lower gain” by SPBx2 [+-6V/m, 16bit]

Dawn side, with Chorus.
Magnetosonic wave is around the equator.

B(&E): CPU reduction in order to get

N 256Hz waveform from 60kHz-sample data
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TS5 XV iKE - Ei5E B8 (PWE) DI E

(1) EFtoY— BT TF+Preamp (2 pairs): WPT-S + WPT-Pre
(BepiColombo/MMO-WPT-S&[E—) [EIAEX]
(BepiColombo/MMO-WPT-Pre% — &8l &) [FEIEX, RX, BWLERX]

(2) WigtoY— *HBT7UTFF+TITUT (3-axis): SC-S + SC-Pre
(BepiColombo/MMO-SCHIE §) [£RX]

(3) TEFEIRRHB(PWE-E) : PWE-EHE S v— IZLL T EIR$H

*DCES. EFREH-HIRZER: EWO (B2 %, BiB3hLST)

(BepiColombo/MMO-PWITE Y f &R —)

*mAKRES-HERER : HFA (BIE28053 . i35 1 RS
(FR -0y FRERICTERER) K]
(4) WPT-SfR B HIE: “MASTHIE” LR
*HERILY : MAST-WPT-E
(BepiColombo/MMO-PWIHE Y f &R —)

DAXA, AL K]
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[FEA, BEWRA, #RXA, "L K]

Wave-particle interactions in the inner magnetosphere

LT T e B EFD ULF waves
1 ! Relativistic [I N3\ TeX]:] /
Mev T : Non-adiabatic| Electrons Radial diffusion
I Acceleration
1 EWO-E/B Ring Current
100keV =1~ I Whistler-mode Electrons
1 Chorus
I Med. Energy
10keV =T~ I E(?v?,ﬁf) Electrons ¢
___________ 1 Plasma Sheet
1keV T~ Low Energy < Convection Electrons
m Electrons
100eV T~ UHR/ESCH waves
Continuum waves
Plasmapause
<10eV Corotation/Convection
Cold/Thermal Electrons 'I Electric fields .
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Target waves: Frequency & Strength ---- Electric Field

< > WPRT
1om | EFD e ——— — > ~
. Chorus HFA [Saturation level]
m oW Pldsmaspheric EFD/EWOE: 1000mV/m
Magnetosonic Hiss
% 100p \/ AKR
g 101 UHR/ESCH
S N
I THR
N 1p .
= S~ WPT-5&Pre
100n = <]
\\
10n —
[Sensitivity] \
dc <1mV/m 1n \
1Hz  15uVim/Hz 1 10 100 1k 10k 100k 1M 10M

10Hz  80nV/m/Hz
100Hz 20nV/m/Hz
1kHz 8nV/m/Hz
10kHz  4nV/m/Hz

iR #[Hz]

Target waves: Frequency & Strength ---- Magnetic Field

[Saturation level ]

10n (low gain)
€ — — = = — =)y 100 Hz: 60 nT
<MGF SCJ 1kHz: 10 nT
1n = 10 kHz: 30 nT
EWO-B {arge <& > 20 kHz: 80 nT
HFA
100p N\ TCW MGF noise leve| Whilster (high gain)

. 100 Hz: 6 nT
agnetoso % 1kHz: 1nT
10p

10 kHz: 3 nT
( Chorus \
C

20 kHz: 8 nT

1p

100f Bepi SC noise level
(10 cm core) >§
10f

r\ Continuum
1f |- New SC noise level
(20 cm core + lower noise amp)

7mTHR
0.1f ‘ | |

[Sensitivity] 1 10 100 1k 10k 100k im 10M
10Hz 1.0 pT/sqrt(Hz)
1kHz 15 fT/sqrt(Hz)
10kHz 100 fT/sqrt(Hz)

Magnetic sensitivity [T/Hz1/2]

Frequency [Hz]
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Electric field: Dipole wire antennas
~ First long wire antenna (32m tip-to-tip length) aboard a Planetary Orbiter ~

If we have only 1 E-field antenna, following damage will be expected:
(1) Lost of time resolution of dc e-field.

(1-spin: 8(20) sec)
(2) Lost of polarization information for E-static waves

(Electromagnetic waves .... Covered by Ex1 + Bx3)

ERG ETEID B HY H SN BRI R (R E %)

WPT-S [from Tohoku Univ. et al.]
Ti-alloy sphere Conductive shicld Coaxial line
[aguadag coated]
60mm ¢ Stainless wire polyimide-sheel covered o OTE)
. i PO n 1o WPANT ~ .
.lm T - e iy :.:::_u':'__' i— T Preamp . 5,
2 J 15m [ 1 Kohm (rac) | (hot) based on
" e GEOTAIL
Conductive part conmect
[aguadag coated] to chassis

Optimized for plasma waves & radio waves

MEFISTO-S [from KTH, IRF-U, et al.]

SENFOr WirE,

. 0.1-03 mm, 1-2m

TiADN probe 40 mm diameter Pre-amp bo

Boom, 13-14 m, connected to e ground

Opsirriized for dc & low frequency electric field

Provision is not possible.

in ISAS-sympo. (Jan. 2013) -11-

ERG / PWE --- Plasma Wave Experiment

I==bHP7EX

INVY IR

TIRALTHIER

SIBBEE - N
N G Y
S

BB Fe7e B FHIBRBIALE T ON
D Sl Bl A SR 4
T - BRI K ARSI
JE OBEETT ) 534 ORFRI 2L 2 5
L, B E = R ¥ —E T
O E R - PRI Z E) Y S31F

o8

EMEROERIC LY FiiEz
ZHEBM L, rr— A T L osk
- PIRBINE D2 B S A S
5,

TR
DM

P S P ARl i S 5 C D

elk T AR L 40
S ) ARV X — D
DR 2 [ E S 5,

PO g vey Y kAU

T 75 5 T T IRBL AT T
I X RABMETT, M 18
e 'wT Y 7 EMBEDET,
KBHRANE & W MR O
B A AR 5.

RHBROES - s v va v
EomAc LY, RigHLAE,
DRI & 24 E M L,
ET U 0 I s 0 22 (] 3 A <o ek
RhEE A G e BRI & B 5 2MT
T2,

TR A
[2YEES 4

Mo LB - =TV A
HERT, kA
TERIC & 2 i et e 2 i)
L. bR 2 B~
wHEET D,

BUR D 70 2 FHBREIAE) T2k
WT, Y7y MhREED
T B RO ARG A B L. i
A B~ DR BE R 5,

NI v ar e hicky,
AR DB, HJ7E T R
FEht U T R O R R
DR EHRDNT R EEER
W HRFES S,

ERG / PWE --- Plasma Wave Experiment

in ISAS-sympo. (Jan. 2013) -12-




Magnetic Field: Magnetic Search Coils (MSC) Recelvers

[Receivers]

Kanazawa U., Japan * EWO-EFD : DC - 80 Hz (512Hz waveform) —
Bx/By/Bz [0.1Hz-100kHz] - connected to - WPT (E) @ @
- Double Probe Dynamic range 110 dB MSC | MSC-Pre | HEA
Sincle Probe S . ’ f208r El)ectric field " rcros | fofes
MAST(~5 m) - Single Probe  Spacecraft potential (128Hz o> e
- for Electron density o> ! ingMEFIESToh MDP
§ WPT-S > (cPu/
< * EWO-WFC/OFA: 10Hz - 20kHz (60kHz sample) for E ELR A_L\ £ R
g \ few Hz — 20kHz (60kHz sample) for B S p g %
/) -connectedto  WPT (E) & SC (B) WPT Biive ‘ \WRTSre
> - Waveform receiver with spectrum data 74% . = CTE s
(derived in MDP) > i
i WPT-E
MSC-Pre
Preamp & * HF receiver 10kHz - 5~10MHz for E >
(Inside spacecraft body for protection from high TID) = _.y 10 - 100kHz for B >

- connected to the WPT / MEFISTO (E) [, SC (B)]

3axis-MSC

Bx * MDP/DPU(digital Processing Unit) (x2)
. Search Coil (3-axis - connected to EWO-E/B, HFA, (MAST-WPT-E)
MSC [from Kanazawa Univ. et al.] 20x20x2(() om ) - CMD/HK I/F

- TLM calculations: FFT, Compression, Triggering, Packet
13
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ERG PWE-WFC(E) Block/level diagram ., ,.....

HFA~N

e [SW1/3] at Power-on: Rbias : 100V-drive CAL1 AD
DPB: +-3.2V [SW2/4] at Power-on: OFF : Digital parts CAL3 PGA LvL (fs: 65.536kHz/262.144kHz)

> +100 mV/im dE= 3 pVim fc: 20kHz/120kHz shifter

e . HFA~

SPB:  +-100V dv= 3mv LPF condition: 512Hz: down, 1kHz -- WeTProACHo0gs % SH

>  +6000mV/m dE =200 pV/im -Pre(AC)

0dB  g4pap 0/20/40/60dB +4dB
Bias current: +-300nA [2.3nA step] EWO-EFD 14bits
WPT-Pre1 [ —»[OFA/WFC] +2.5V

CAL2

Roias [100MQ] SW1 +20d8B ¢ EWO-CAL (tbc) FPGA
’_% W H — Blas/DC-CAL DPB: no filter HFAN "
R [1M0) 20k : fevit 30 512Hz x 2ch CAL3 PGA LVL  (fs: 65.536kHz/262.144KHz)

WeT-S1 SW2ero Gain-CNTL SPB: no filter  128Hz x 4ch fe: 20KHaI 20z shifter
N WB [8step: 98-101.5%] SPB A HFAA
o - L~ LPF: 1001z 0dB 128Hz WPT-Pre(ACHo/0d8 9B SH
- B /5t
S [Butterwortl 1 DPR 0dB 6dBdB *a 0/20/40/60dB CAL3 +4dB ranits
. 1

WPT-Pre2 +24dB 512Hz +2.5V
. ll> ll> SPB CAL1 1MQ
WPT-S2 -20dB 0dB Gain-CNTL 128Hz

Rea (MG 20dB SWdero [8step: 98-101.5%)] c 1kQ
el * DACZ Bias/DC-CAL ADC
EocAL (,bc) abit | oo o] u 10Vpp Observable levels CAL2 Mo ATT AL signal source(TBD)
Rbias [100MQ] SW3ero 20k MPX 16bit / 32kHz Assumptions: SHERE
WPT-S3 ' [OFA/WFC] 32kHz DPB: 512Hz x 2ch *Antenna effective length: 15m
— sPB [Sam.ple HOLD] -Insertion loss at the WPT-Pre: 8dB (< 100kHz, —h L E(F, #& 4 |CCRIEFIS M@ g& %Y 1=1=7")

[ ] ’

. | L~ | D LPF: 100Hz / 0dB 128Hz (simultaneous) High gain mode: Total gain(50dB(=Insertion loss(-8dB)+Preamp(0dB)Receiver gain(58dB)))
0dB [Bu"efﬁ“h/?"l DPB SPB: 128Hz x 4ch 2.5Vmax@A/D -> 3.15mVmax@WPT-pre-> 527uV/m @max
> [no Sample-HOLD] (1digit: 64nV/m)
512Hz sii

WPT-S4 R~ SsPB (LT Low gain mode: Total galn(-20dB(—Insert|on Ioss( 8dB)+Preamp( 10dB))+Rece|ver gain(-2dB)))

[ | _| > 3 >
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ERG PWE-WFC(B) Block/level diagram . ., ,....s [HFA issue | N

MSC-Pre PGA — E=E: 540g(PCB)+60g(Frame)
-! (higl owgn) fe: 20kHz (SORBET&IEJ%)
Heca i |> ] D SM H4X: A5x1.5 (SORBETERE)
0dB  gyBaB 0/20d8 (s s:.gekHz) FPGAO YRR - MFESLRAH
-l [> CAL D fe: 20kHz D x — _’glgﬁ%PMEE{*l:uié;aﬁﬁ
| e MEEH: $4W(SORBETD24%)
| D S/H 4 - Y - oL el
. LI = SBEERECRN
1| spim HFA~ caL — 14bits RiR#L Y 10kHz~10MHz
pin axis : +2.5V
i l> D D D on —>J:m10MHZ'i-F“’60
|
g V
0B gamas 0/2008 ] <\HRABE> EFHEBE(<10%[cc]) Z 10%IEET  fummikiz) ~ 9V p [/cc]
CAL O e fun  (<1[MHz]) % 5%MET plcc] ~ (funrikHz])%/80
Observable levels CAL signal source(TBD) [Spacecraft potential DH & (F5fEIS fEEE: 5)] T
High gain mode: MSC-Pre (high gain) — 6 dB (LPF) + 20 dB (PGA) EE 100%&5“ i'
2.5Vmax@A/D -> 0.5Vmax@MSC-Pre-> 0.1 n”T@max (1 kHz) THEXHEIERELN, BAEFREDHEKX, i
(1digit: 0.0122 pT) ED#% . Calibrationt§iR N E, o
Middle gain mode: MSC-Pre (high/low gain) — 6 dB (LPF) + 0/20 dB (PGA) . E
2.5Vmax@A/D -> 5/0.5Vmax@MSC-Pre-> 1 nT@max (1 kHz) [Other bonus sciences] ~ 3MH24:BE 5 b
(1digit: 0.122 pT) - Auroral MF burst(THR) Dfi#l4& i %R ol
Low gain mode: MSC-Pre (low gain) — 6 dB (LPF) + 0 dB (PGA) - Auroral Kilometric continuum DB ##8
ERG / PWE --- Plasma Wave Experir’r.1ent ir ISAS-_sympo. (Jan. 2013) -17- ERG / PWE --- Plasma Wave Experiment in ISAS-sympo. (Jan. 2013) -18-

Purpose of ERG/PWE/HFA Specification of ERG/PWE/HFA Block Diagram of ERG/PWE/HFA —

- Determination of electron number (1) RF input: Ex, Ey, and Bz . | oz |

density by UHR for identification of ~ (2) Freq. Range:0.01-10MHz ex| S W perere o0 LLRE LT Lo et Henston] e 5 [ FPGA |

plasmapause, and fp output to S- (3) Freq. Resolution: 1kHz (0.01-1MHz), Antenna Amp. | | s0n | >toiiz || <towkiz | | (| 0dB [| 28MSPS ||| o) o) average || [sow

WPIA 10kHz (1-10MHz) - e e
Observation of radio and ol (4) Time Resolution:1 sec £y | Divere bl WeTere Ll 20 1L Ll sigmall|ariods b Actwart b{passioast H-b| e B 2, st FH) oo * s

- plasma (5) Sensitivity' 190dBW/m2Hz Antenna | | 30nV/Hz Amp. ||| 500 | | SW >10kHz <10MHz 0dB | | 25MSPS @ kbytels

waves excited via wave-particle A ) .

interactions and mode conversion (g) Eéga"_"c Eng: '284dB (14bit) B2 | Seareh PSSP, A1 ‘e, HFA-Digital

processes in the storm-time (7) Size: Coi lwaj| | HFA-Analog |

(8) Weight:<0.7kg
(9) Power Consumption: <2W

magnetosphere
Weight & Power

rhed Plasmasphere - Donkey Ears phnomena

. MMO ERG- ERG-

T SORBE | HFA HFA

> T (BBM#1) | (BBM#2)

s Mass 750g 600g | 700g (*)

o

2 Power 1.7W AW | 1.9W(*)
(Analog 1.6W | 0.5W(*)
)

(Digital) CYDsigned vl
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Typical Plasma Waves in the Inner Magnetosphere

Quiet-time

Storm-time

Shprits et al., 2008

ERG orbit

|
oy

Equatrial PA
20

Apogee 12
MLT

60 120 180 210 240 270 300 330 360 390 420

day
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n Apogee: nght Magnetlc equator L~2

W Wy ® 0O
T T T T

MLAT

Miat (deg)
- |.| -
[ER=T0T=TE =111
Emmmn

[ I I n 1

>
n

240 - 2'4'. 2-'12 2:3 - 24;4
day of year, 2015
L>4, |MLAT| < 10deg 0 min/day
< 5deg 0 min/day
< 3deg 0 min/day
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mApogee DAWN, Magnetlc equator: L~5
[for Chorus]

L

. T

MLAT

/ / /
_q////////////////
// //*’ /f //

day of

g byt
)

L>4, |MLAT| <10deg 445 min/day
< 5deg 243 min/day
< 3deg 152 min/day
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m. Apogee: DUSK, Magnetic equator: L™~5 [for EMIC]

MLAT

Migt {deg)
|

éi\\ RER

\\\\\\

A1 \\ \\ T \\

b

day of year 2018

L>4,

|MLAT| <10deg 436 min/day
< 5deg 235 min/day
< 3deg 142 min/day
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Raw data from PWE

Receiver Data total
(bps)
EWO-EFD DPB 512Hz x 16bit x 2ch (sync) 16.3k
[Sweep] [1024Hz x 16bit x 2ch x 0.5/4sec] (sync)
SPB 128Hz x 16bit x 4ch (non-sync) 8.2k
EWO-OFA/WFC(E)
Nominal | 65536Hz x 14(16)bit x 2ch 2097.1k
1kHz 1024Hz x 14(16)bit x 2ch 32.8k
[for S-WPIA] | 349525Hz x 14(16)bit x 2ch x (0.117/0.8125)s ----
EWO-OFA/WFC(B)
Nominal | 65536Hz x 14(16)bit x 3ch 3145.7k
1kHz 1024Hz x 14(16)bit x 3ch 49.2k
HFA E-2ch 1Hz x 8bit x 1024ch [10k-10M] x 2 16.4k
E/B 1Hz x 8bit x 1024ch [10k-10M] <16.4k
1Hz x 8bit x 128ch [10k-100k]
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Data Telemetry from PWE - Minimum (11840bps, 122MB/day)

Receiver Data total
(bps)
EWO-EFD DPB spectrum(2Hz-80Hz) 1Hz x 8bit x 40point x 2ch 640
waveform 8Hz x 16bit x 2ch 256
SPB waveform 4Hz x 16bit x 4ch 256
EWO-OFA/WFC(E)
spectrum(10Hz-20k) 2Hz x 8bit x 66point x 1ch 1056
waveform 1024Hz x 14(16)bit x 2ch/~128 256
Waveform 65536Hz x 14(16)bit x 2ch /~1800 1165
EWO-OFA/WFC(B)
Spectrum(10Hz-20k) 2Hz x 8bit x 66point x 1ch 1056
waveform 1024Hz x 14(16)bit x 3ch/~128 384
Waveform 65536Hz x 14(16)bit x 3ch/~1800 1748
S-Matrix (E & B) S-Matrix 0.5Hz x 8bit x 66point x14component 3696
HFA E-2ch | spectrum-E(10k-10M) 1Hz x 8bit x 60point x 2ch 960
E/B spectrum-E(10k-10M) 1Hz x 8bit x 60point x 1ch 480
spectrum-B(10-100k) 1Hz x 8bit x 20point x 1ch 160

Data Telemetry from PWE

- Maximum (40325bps, 415MB/day)

Receiver Data total
(bps)
EWO-EFD DPB spectrum(2Hz-32Hz) 1Hz x 8bit x 40point x 2ch 640
waveform 8Hz x 16bit x 2ch 256
SPB waveform 4Hz x 16bit x 4ch 256
EWO-OFA/WFC(E)
spectrum(10Hz-20k) 2Hz x 8bit x 66point x 1ch 1056
waveform 1024Hz x 14(16)bit x 2ch/~128 256
Waveform 65536Hz x 14(16)bit x 2ch /~160 13107
EWO-OFA/WFC(B)
Spectrum(10Hz-20k) 2Hz x 8bit x 66point x 1ch 1056
waveform 1024Hz x 14(16)bit x 3ch/~128 384
Waveform 65536Hz x 14(16)bit x 3ch/~160 19661
S-Matrix (E & B) S-Matrix 0.5Hz x 8bit x 66point x14component 3696
HFA E-2ch | spectrum-E(10k-10M) 1Hz x 8bit x 60point x 2ch 960
E/B spectrum-E(10k-10M) 1Hz x 8bit x 60point x 1ch 480
spectrum-B(10-100k) 1Hz x 8bit x 20point x 1ch 160

in ISAS-sympo. (Jan. 2013) -28-

ERG / PWE --- Plasma Wave Experiment

in ISAS-sympo. (Jan. 2013) -27-

ERG / PWE --- Plasma Wave Experiment




KBS RAEEORS

- IN—RE—R/S-WPIADER A &t

MLT/L/MLATIZ{RET 3

#th & DE#EEE: Pc5 (ERG+SuperDARN/GMAG)
Pc1 (ERG+G-SC)

"AKRGEDRBER (ERPIEHRADIGERE)

ERG / PWE --- Plasma Wave Experiment in ISAS-sympo. (Jan. 2013) -29-




