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Design and Analysis of a Deterministic Disturbance Generator

Shaheen Thimmaiah Palanganda

(ABSTRACT)

This thesis introduces the Deterministic Disturbance Generator (DDG) and its development
process. The DDG performs two motions and five pitch rates. The flap motion, which rotates
the airfoil from 0 to 20 and back, and the ramp motion, which rotates it from 0 to 20

with a dwell of 1s before returning to 0 . To determine the angle of attack, a Matlab function
converted thrust rod displacement into the assumed angle, validated against true angle of
attack measurements on the DDG. Mean angular displacements were plotted, and standard
deviations of the 95% confidence intervals were calculated within  1:3 for all motions. The
mechanical force on the actuator was computed to be 77N. Aerodynamic forces on the DDG
were determined to be 15N and 19N for flap and ramp motions respectively. The total force
on the system did not exceed 100N in any case, staying below the peak force capacity, while
acceleration reached its limit. Flow velocimetry in the Virginia Tech Stability Wind Tunnel
(VISWT) employed a time-resolved Particle Image Velocimetry (PIV) to study the effects
of 20 flap and ramp motions, with mean actuation times of 63ms and 37ms. Flap motion
showed a significant deficit in mean streamwise velocities, and the ramp motion exhibited
similar behavior until its dwell position, generating a large wake region due to airfoil stall after
its peak. Comparison of data from the Goodwin Hall Subsonic Tunnel (GHST) with VTSWT
data for overlapping domains revealed similar flow field features when normalized based on
the boundary layer velocity (43mm plane from wall) of the latter. Considering actuation
time differences, the freestream normalized GHST data was combined with VISW'T data.

The cohesive PIV domain offered a broader perspective on the missing flow features.



Design and Analysis of a Deterministic Disturbance Generator

Shaheen Thimmaiah Palanganda

(GENERAL AUDIENCE ABSTRACT)

A Deterministic Disturbance Generator (DDG) was designed to generate consistent large-
scale transversal transient disturbances in the wall boundary layer of the Virginia Tech
Stability Wind Tunnel. It comprises an airfoil connected to an actuator through a rotating
mechanism. The rotating mechanism can be controlled by manipulating the actuator to
induce motion. The rotational speed of the airfoil is regulated by a program provided to
the actuator. The DDG motions were validated to achieve nearly identical motion profiles
to ensure it produced consistent turbulence wakes. The linear displacement of the actuator
and airfoil was measured using a laser sensor, and a code was developed to convert this data
into the observed angle of attack. Tests were conducted to verify repeatability and fine-tune
the system’s motions. A comprehensive description of the fabrication process, hardware and
software setup, and calibration procedures involved in developing the DDG are provided.
Using aerodynamic models, a computational study is performed to determine the forces
associated with the airfoil and actuator. Subsequently, the DDG was subjected to testing
in two wind tunnels: the Goodwin Hall Subsonic Tunnel for preliminary characterization
and error mitigation and the Virginia Tech Stability Wind Tunnel for final assessment of
the DDG’s performance. Flow velocimetry data obtained from both tests are analyzed,
revealing similarities in the induced motions. Mean flow fields and turbulence values are
determined, and the effects of different pitch rates are also assessed. Finally, the mean flow
fields corresponding to identical motion types from both datasets were integrated into a

cohesive plot. This resulted in a comprehensive understanding of the flow field.
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i?72 KQiBQM Q7 yXjkb hr birB+2 b7 bi bi?2 KQiBQM Q7 yXe9b hX
yXe9b hr b 7Qm  iBK2b 7 bi2  i? Mi?2 bHQr2bi KQiBQM Q7 kX8eb |
iBOM BM i?2 "QmM/ v G v2' UBRBIMKENMBR+iBQiIM2 7Q K iBQM Q7 |
iI?B+F im #mH2Mi #QmM/ "vH v2 ii?2 K2 bm 2K2Mi TH M2-rBi?i?
im #mH2M+2 bi m+im 2bX ITQM 2p Hm iBM; i?2 /Bbim # M+2 b+ H2t
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h?2b2 /IBbim # M+2 H2M;i? b+ H2br2 2 7QmM/iQ #2 H ;2 i? Mi?21/
#QmM/ vH v2' M/r2°'2BMi?2Q /2 Q7 i?2irB+2 'QiQ /B K2i2  U/E



i?72 bHQr2bi KQIiBQM UkX8eb hV-i?2 /Bbim # M+2 H2M;i? b+ H2b r2
r?B+? Bb QM i?2 Q" /2 Q7 RyyiBK2bi?2 'QiQ /B K2i2 X h?2b2H2+iB
iBK2br bK /2rBi? + "27mH +QMbB/2" iBQMiQ 2Mbm 2 i? ii?2/Bbim
M mMbi2 /v U/vM KB+V "2;BK2 iQ 2;BK2b rBi? [m bB@bi2 /v 2772+]
Dm/;K2MiX

RXk :2M2' iBQM Q7 h > MbB2Mi .Bbim # M+2

hrQ K BM K2i?Q/b "2 ;2M2° HHv mb2/iQ T°'Q/m+2 /2i2°"KBMBbiB+ /B
T bbBp2 K2i?Q/b i? i miBHBx2 bi iB+ +vVHBM/2'b Q" ;"B/b M/ +iBp:
KQp #H2 Q#D2+ib bm+? b 7H TTBM; TH i2b QR}E 3 DObBP2X2BDOMb#
T°Q/m+2 r2HH@/27BM2/ /IBbim # M+2b- bm+? b i?2 pQME K M pQ
pQ iB+2b i?2v T Q/m+2 "2 Q7i2M 7Bt2/iQi?27°22bi'2 Kp2HQ+BivX
#v G272#p 2 RiY-HX (B 7QBH r b TQbBIiBQM2/ /QrMbi‘ 2 K Q7 +B +
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i?2 H ii2°b+2M "BQX >2M+2- Hi2XBM4ilCPIBb4 M2BAHQX BM b?B7i
BM i?2r F2 +QM7B;m’ iBQM- r?2°2 DbB;MB7B+ Mi 2+B +mH iBQM
"QmM/ i?2 B 7QBH i’ Mb7Q K2/ BMiQ r F2 +?  +i2 Bx2/ #v i?2 2}
+VHBM/2 X h?2b2 7BM/BM;b BM/B+ i2 i? ii?2 miBHBx iBQM Q7 T bb
r F2- M2+2bbBi i2b bT2+B7B+ TQbBiBQMBM; iQ +?B2p2 /B772 2Mi
Qi?2° ? M/- +iBp2 K2i?Q/b-bm+? b TBi+?BM; B 7QBH r?Qb2 KQi
KQ 2 p2'b iBH2- M/ + MT ' Q/m+2 rB/2 " M;2 Q7 /Bbim# M+2 T Q7

bvKK2i'B+ H B 7QBH b?2QmH/ ;2M2" i2 pQ iB+2b rBi? M #bQHm]
7Q  TQbBiBp2 M/ M2; iBp2 RBXHRDP2Q B 7iQ®EH(TBi+? * i2 /2i2 ' KBM2b
Q7i?2T°Q/m+2/ pQ i2t b?222i- r?BH2 i?2 KTHBim/2 +? M;2 BM i?2 |
i?72 pQ i2t bi RMXi? ¢B:;? TBi+? " i2 M/ H ;2 TBi+? KTHBim/2 ;2M2"
irQ@/BK2MbBQM H pQ iB+2b Q 'B2Mi2/ BM i?2 i° Mbp2 b2 /B 2+iBQI
T bibi HH-H ;2 pQ iB+2b "2 7Q K2/ BMi?2r F2Q7i?2 B 7QBHX h"
#v i?2B  im #mH2Mi BMi2;" H H2M:i? b+ H2b- r?B+? /2MQi2b b+ H2
bi'm+im 2b BM 7HQr /2i2 ' KBM2/ #v +Q "2H iBQM Q7 i?2 im #mH2N\
T Q/m+2//Bbim # M+2b BM i?2r F2 Q7 i?2 B '7QBH T QT ; i2/QrMb
Q7 i?27°22bi2 K p2HQ+BivX

h?2 7Q K iBQM M/ 2pQHmMiBQM Q7 i?2b2 pQ iB+2b /2T2M/ QM //Bi
bi?2 2vMQH/b MmK#2" Q7 i?2 7THQr M/ i?2 im #mH2M+2 BMi2MDb]|
im #mH2Mir F2 +QMi BMb rB/2 " M;2 Q7 im #mH2Mi b+ H2bX aK HF
i?2 im #mH2Mi 2//B2b i? i "2 "2H iBp2Hv bK HH M/ T°QTQ iBQM H
M/ i?2b2 2//B2b "2 T 2b2Mi BM +QM/BiBQMb Q7 HQr _2vMQH/b Mn
BMi2 K2/B i2 H2M:i? b+ H2b 272 iQ i?2 h VHQ KB+ Q@b+ H2bX h~
1?72 "2b2 "+?2'b "2 T°'BK "BHv BMi2 2bi2/ BM ;2M2 iBM; ? p2 ?B;"



;2M2° H-7HmMB/ 7HQrb +? °~ +i2 Bx2/ #v ?B;? 2vMQH/b MmK#2 b 2t?
#mH2Mi KQiBQMb- QrBM; iQ i?2 2M? M+2/ /IBbT "Biv BM bBx2 #2ir2
b+ H2RYX (h?2 _2vMQH/b MmK#2 - [/BK2MbBQMH2bb T * K2i2" “2T
BM2'iB H7Q +2biQ pBb+ QR 7TRI2+KIBBRDb PR/ (B+2b6 +Q?22 2M+:
/IBbi M+2b #27Q 2 /BbbBT iBM; #v pBb+Qmb 7Q +2bX //BiBQM HH
+ m+B HT > K2i2 i? i Kmbi #2 +QMbB/2 2/ r?2M :2M2" iBM; +Q?2°2
bB/2 " BM; i?2B" BMi2 +iBQM rBi? /QrMbi 2 K #Q/B(ZbXdhR)2 2//v im
[2T2M/b QM i?2 T "iB+HAW2M/ii?DHbH22U Q7 IR¥YX/A U272 b iQ i?2
iBK2b+ H2 i r?B+? i?2 im #mH2Mi 2//B2b rBi?BM i?2 7THmB/ 2pQHp
HBKBii?2 iBK2b+ H2 Qp2  r?B+? h vVHQ 6b bbmKTiBQM Q7 7 °Qx2M i
i?72 +QMp2+iBQM iBK2 2t+22/b i?2 2//vim MQp2 iBK2-i?2 /Bbim #
bB;MB7B+ MiHvVX h?2 ¢ QMp P i B2 iIBKRi?2 iBK2 i?2 7THmB/ T "iB+H
I" p2H +2°'i BM IBbBM+ZKHmB/ rBi? +QMpUMEBRQM p2HQ+Biv U

AiBb Q7 T BK 'VBKTQ i M+2i? ii?2;2M2  i2/pQ iB+2b 2t?B#Bi 2T
2 +? bm#b2[m2Mi +im iBQM +QMbBbi2MiHv T°Q/m+2b i?2 b K2 KQ|
2tT2 ' BK2Midb K2i?Q/ Q7 T°'Q/m+BM; +QMiBMmQmb b?2/ pQ iB+Biv ¢
i72 QTiIBK H TT'Q +?2 Q7 ;2M2" iBM; bBM;H2 T2 'BQ/B+ pQ iB+2b BM
kyX h?2v ? p2 +QM/m+i2/ bim/B2b QM i?2 2tT2 BK2Mi H ;2M2" iBQM
M/ +QM+HmM/2/ i? i MQM/BK2MBhBQ®7H TBI@PBAGRRHY, 2 i2" Bb

M2+2bb v iQ /2p2HQT bBM;H2 +Q?2 2Mi i° BHBM; 2/;2 pQ iB+2bX |
Bb+ H+mH i2/ mbBM; i?2 7 B2Wi 22K p2HQ#B™ M;2 Q7 B 7QBH M;H
U= /tV- M/i?2 B 7QBH IR qBi2M:7?22bi'2 K B  p2HQ+Biv Q7 ky
M2tT2 ' BK2Mi H+QM7B:m" iBQM 72 im"BM; M B 7QBH +?2Q / H2M;
2HmM+B/ i2/ BMbm#b2[m2Mi b2+iBQMb Q7 i?Bbi?2bBbV-i?2 ii BMK2
M2+2bbBi i2b " i2 Q7 +? M;2 Q7 M;H2 Q7 ii #§XM2?BRpBMH h b D



?B;? TBi+?  i2b /2K M/bbm#bi MiB H +im iBQMTQr2 M/ ?B;?Hv 7
reB+? + MT Qp2 +? HH2M;BM; iQ ++QKTHBb? BM T +iB+2X h?2 27
i?2b2 BM7HQr bT22/b-i?2r F2Q7 TBi+?BM; B'7QBHBb KQ 2 HBF2

i?72°i? MT ' Q/m+2 bBM;H2 BbQH i2/ pQ i2tX h?2b2 pQ iB+2b /Bbi
T Q/m+BM; r F2i? iBb# Q /# M/ i?2 i? M/2i2 KBMBbiB+X

h?2 bim/v Q7 mMbi2 /v@ B 7QBH #2? pBQ 2 b #22M ;"2 iHv BM7Hm
i72Q v-r?B+? T QpB/2b BMbB;?ib BMiQ QX 2A MiBEF {?°2 QM iv7 22 Pl 2|
7Q°+2b 2t2°i2/ QM DbH2M/2  HB7iBM; bm 7 +2-r?2M TQbBiBQM2/ |
BM+QKBM; 7HQr- 2t?B#Bi /B 2+i "2H iBQMb?BT rBi? #Qi? i?2 277
b[m "2 Q7i?2 7HQr p2HQ+BivX *QMb2[m2MiHv- Mv 7Hm+im iBQMb Q
7HQr BM/m+2 +Q "2bTQM/BM; +? M;2b BM +B +mH iBQM M/ T 2bbm
+B +mH iBOQM HQM:/B772 2Mib2+iBQMb Q7 i?2 #Q/v +QBM+B/2b rB
i?72 i° BHBM;@2/;2 "2 BMiQ i?2r F2X AM KQ/2 M 2b2 “+?2 QM mMb
#22M K /2 iQ "2H ti?2 bbmKTiBQMb i? i 7Q K i?2 # bBb Q7 i?BM@

bbmKTiBQM Bb i?2 Emii +QM/BiBQM- r?B+? K M/ i2b bKQQi? /2T
i?72 B 7QBHO6b i° BHBM; 2/;2 Q7 i?2 B 7QBH rBi?Qmi Mv # mTi +
+QM/BiBQM Bb b iBb7B2/ #v BMi"Q/m+BM; +B +mH iBQM “QmM/ i
7QHHQr +HQDb2/ T i?b M/ ;2M2 i2 pQ i2tX

*QMpP2MiBQM HBMpBb+B/ B '7QBH i?2Q v2KTHQVbi?2 Emii @CQmi
72 im"BM; b? T i  BHBM; 2/;2X h?Bb +QM/BiBQM /Bb 2; /b i?2 BI
TT2 "BM; i i?2 i° BHBM; 2/:2 BM bi2 /v 7HQrb #v 2bi #HBb?BM;

B 7QBHO6bi° BHBM; 2/;2 M/2Mbm 'BM; T 2bbm 2 M/fQ  p2HQ+Biv +
KX L2p2 i?2H2bb- 7Q° B 7QBHb rBi? "QmM/2/ i BHBM; 2/;2b- /2i
2 " bi :M iBQM TQBMi #2+QK2b mM+2" i BMX AM bm+? + b2b- i?2 +E
2772+ib Q7 pBb+QbBiv "QmM/ i?2 i’ BHBM; 2/;2 "2;BQMX >Qr2p2" -



KQ 2 +QKTH2t BM i?2 + b2 Q7 mMbi2 /v 7THQrX Ai Bb bbmK2/i? i T
#2 bmbi BM2/ +°Qbb i?2i  BHBM; 2/:2 M/i?2r F2X

++Q /BM; iQ i?2 KQ/2H T'QTQDb2/ #v " bm kR i M+HQHEMIAb RO HHQ
i M;2MiB HT i? 7°QK i?2mTT2 Q HQr2 bm'7 +2 Q7 i?2 B 7QBH-

bi> B;?i M/ M "Qr- 7QHHQrb i?Bb bi'2 KHBM2X 6Q  Qb+BMH iBM;

MQi2bi? imM/2 +2 i BM +QM/BiBQMb ii?2 B 7QBHOSbi" BHBM; 2/;:
M/ # mTi bi'2 KHBM2 +m p im 2X h?2 Emii +QM/BiBQM ? b Bib }
MMT 2/B+i #H2 b i?2 "2/m+2/ 7 2[m2M+B2b BM+ 2 G¥XBH2Bp2iM2 2
#v i?2 7Q KmMd/2U, - r?2 12Bb i?2 Qb+BHH iBQM 7 2[m2M+v 7Q" i?2 K

.2pB iBQMb BM i?2 HQ /BM; ii?2i  BHBM: 2/;2/Q MQi bB;MB7B+ Mi
/Q? p2 MBKT +iQMi?2 B 7QBHKQK2MiX h?2°27Q 2- ++m"  i2Hv K
i72i° BHBM; 2/;2 Bb M2+2bb "vX " b2kRW @BOb2apr WQZi2HK?22i KQ/
i? i+ MT QpB/2 BM7Q K iBQM QM HB7i- KQK2Mi- M/ pQ i2t bi'2M
FMQrH2/;2 Q7 i?2 #QmM/ +B +mH iBQM QM i?2 B ' 7QBH bm 7 +2- Bl
r F2X

Ai Bb BKTQ'i MiiQ 2bi #HBb? /27BM2/ " M:2 Q7 “2/m+2/ 7 2[m2M+
Emii @CQmFQrbFB +QM/BiBQM 2K BMb TTHB+ #H2 iQ T 2p2Mi M
M KB+ 2772+ibX a iv M k¥ /Bb2Qa2X2( i? i i HQr 2/m+R/4A7°2[m2M -
yXy8-i?2 K ;MBim/2 Q7 T°'2bbm 2 HQ /BM; BM i?2 i BHBM;@2/;2 "2
h?Bb T?2MQK2MQM i HQr "2/ m+2/7°2[m2M+B2b Bb ii B#mi2/iQi?2
M/i?22T? b2-r?B+? 272 biQi?2 M;H2 #2ir22Mi?2 HB7ip2+iQ" M/
"2 bQM #H2 ;722K2Mi ii?Bb 7°2[m2M+vX b i?2 "2/m+2/7°2[m2M+yvV
IQ YyX3-i?222tT2 BK2Mi HHv /2i2 KBM2/ T? b2 /2pB i2b7 QK i?2 T 2,
K ;MBim/2 biBHH b?Qrb "2 bQM #HX 4 YR&K2M/iX¥ X'2ir2ARQIB+2 #H2 /B
2M+2 BM i?2 " i2 Q7 HQ /BM; BM+"2 b2 rBi? "2/m+2/ 7°2[m2M+v Bb ¢



T? b2 HB;Mb "2 bQM #Hv r2HH rBi? i?2KT42yR3iZimp HHm2E20?PB MY i?2
T'2/B+i2/ p Hm2 7Q° HH +Q@M/BXBONVMBI 2299 M2pB iBQM ;"QrBM; b i
[M2M+v BM+ 2 b2bX i "2/m+2/ 7 2[m2M+v Q7 RXyk- #Qi? i?2 K ;MI
BM+ 2 b2-kM/RKkj- Bi #2+QK2b 2pB/2Mi i? ii?2 +H bbB+ HEmii @C
BM HBM2 " i?2Q v 7 BHbX Hi?Qm;? i?2°2Bb bQK2p 'B iBQMBM i?:
+H2 "BM+ 2 b2 BMi?2 K ;MBim/2 Q7 7i HQ /BM; M/ [/2+ 2 b2 BM "~
bi?2 "2/m+2/ 7 2[m2M+v ;2M2° HHv BM+ 2 b2b- Bi Bb Q#b2 p2/i? i
#v #QmM/ "v@H v2 /BbTH +2K2Mi Ub2T " iBQMV 2772+ib #2+QK2b
7 BHM 2 Q7 i?2 Emii +QM/BiBQMX h?2K ;MBim/2 Q7 mMbi2 /vHQ /E
#v HBM2 " i?2Q v- M/ i?2T? b2 7 HHb #2?BM/ i?2Q 2iB+ HT 2/B+iE

h?2 7ZHQr “QmM/ HB7iBM; bm 7 +2 mM/2 :Q2b T?2MQK2MQM FM
/I2M+2 M;H2 2t+22/b + BiB+ H M;H2X >Qr2p2 -BMi?2 + b2 Q7 Qb
BM+'2 bBM; BM+B/2M+2-i?2 bi HH + M #2 /2H v2/ #2vR X /hi?Bib bi iB
/[2H v Bb 272 °2/iQ b/vM KB+ bi HH-r?B+? ? bKQ 2 bB;MB7B+ Mi
M/ KQK2Mib 2t?B#Bi H ;2 ?2vbi2 2bBb rBi? "2bT2+iiQ i?2 BMbi M
Qb+BHH iBM; "QmM/ K2 M M;H2 Q7 ii +F +HQWVLR i@niBMhii1Bh B HE
MQK2MQM-pQ i2tbi'm+im 2bQMi?2mTT2 bm 7 +2Q7i?2HB7iBM;
‘2bmHIBM; BM MQM@HBM2 " 7Hm+im iBM; T ' 2bbm 2 7B2H/X h?2

7HmM+im iBQMb Bb KQ 2 bB;MB7B+ Mi 7Q" ?B;?2" M:H2b Q7 ii +F- "
H ;2" KTHBG®X2b (

6B;MRX/RTB+ib i?2 ?2vbi2 " 2bBb +m ' p2 QT iVDHBNMb-iP27 MBHR2QM Ui -
UVRX SQBMIi R "2T 2b2Mibi?2 "2;BQM r?2°2i?2i?BM#QmM/ "vH v2
M;H2 Q7 ii +F BM+ 2 b2bX "2ir22M TQBMib R M/ k-i?2 HB7i M/ KC(
HBM2 " i?BM B 7QBH i?2Q vX 7i2 bm T bbBM: BN2/Bi+iB #VBiiB+

TQBMi Q7 /2pB iBQM rBi? i?2/ b?2/ HBM2- i?BM "2p2'b2 7HQr /2p



6B;:m 2 RXR, >vbi2 2bBb +m p2 7Q° B 7QBHRHBA?2P2VEB+BRRIp2Mi
7Q° B 7QBH /vM KB+ bi HH Q++m 'BM; i i?2 MmK#2 2/ TQBMib Bb
i?2 "B;?iV

#QmM/ v H V2 QM i?2 B'7QBH bm+iBQM bB/2 UmTT2 bm'7 +2VX
#Hm2 "2;BQM M2 " i?2 B 7QBH i° BHBM; 2/; RXEBRh?®Q ¥ /BAB/QHBWRY
“2T 2b2Mib i?2 bi iB+ HB7i +m p2- r?B+? b?Qrb ;QQ/ ;'22K2Mi rBi
UbQHB/ HBM2V mMiBH i?2 bi iB+ bi HH M;H2X "2vQM/ i?Bb- i?2 bi
Im2 iQ BM+ 2 bBM; i° BHBM; 2/;2 b2T ~ iBQMX .m BM; i?Bb T? b2-
b?2//IBM; #2;BMb M2 " i?2 H2 /BM; 2/;2 Q7 i?2 B 7QBHX h?2 HB7i B
#m##H2 UBMBIB HHv T ' 2b2Mi M2 " i?2 B 7QBH RRKNBW+ 2Q;2b 2\b/iP2Q
b2KB@+?Q '/ HQ+ iBQMX h?2 b2T * iBQM #m##H2 2p2Mim HHv ;" Qr
i?72 /vM KB+ bi HH pQ i2t- r?B+? /QKBM i2b i?2 7THQr Qp2 i?2 B 71
j/2MQi2b i?2 T?2MQK2MQM Q7 pQ i2t /2i +?K2Mi Ur?2°2 i?22 b2T °
KQp2K2Mi Qp2  i?2 B'7QBH bm 7 +2X i TQBMi 9-i?2 pQ i2t 2 +?2
iQ i?72 ?B;?2bip HmM2b Q7 HB7i M/ KQK2MiX h?2 T°2b2M+2 Q7 pQ’
bB/2 BM/m+2b T QMQMM+2/ M2; iBp2 T 2bbm 2 7B2H/ QM i?2 mTT?2
/IBbT "Biv #2ir22Mi?2mTT2 M/HQr2 B ' 7QBHbm 7 +2b-i?2 2#v ;2



>Qr2p2 -i?Bb m;K2Mi iBQMBM HB7iBb +QMiBM;2MimTQM i?2 pQ i
b?2//BM; 2bmHibBM M # mTi 2/m+iBQM BM HB7iX SQBMi 8 2T 2
M/ i2°iB v pQ iB+2b 7Q°K M/ "2/m+2 i?2 HB7i /m2 iQ pQ i2t b?2//
i BHBM; 2/;2VX h?2 M;H2 Q7 ii +F /2+°2 b2b #2vQM/ i?2 bi iB+ bi
“2 ii +?K2Mi i SQBMi e- M/ i?2 7HQr “2im Mb iQ i?2 HBM2 * “2;BK:
7BMBi2 iBK2 iQ /2p2HQT- M/ QM+2 BMBIiB i2/-i?2v "2 BM/2T2M/2)
?vbi2 2bBb BM+HmM/2b i?2 H ; M/ bvkKK2i vBMi?2HQ /BM; +QKT "2
T?2MQK2MQM + HH2/ bi HH 7Hmii2° "Bb2br?2M i?2 B 7QBH Qb+B]|

1tT2 ' BK2Mib +QM/m+i2/ QM Qb+BHH iBM; B'7QBHb BM bm#bQMB+ |
THQr b2T " iBQMX K tBKmMK MxH2 QZA2T1KBMB/ #v i?72 B 7QBH T ~
Bb mb2/iQ B/2MiB7vi?2 p "BQmb bi HH "2;BK2b 2M+QmMi2 2/ #v i?
KQiBQMX h?2 bi HH QMDb2i "2:BK2 Q++m b r?2M i?2,,BbiQEH "2 +
p Hm2 UBM/B+ i2/ #v i?2 bi iB{Mb6 BIRWE ; HRK HH b2T ~ iBQM 2;BQM
KBMBK HpBb+Qmb 2772+ib Bb Q#b2 p2/X >2°2-i?2 K ;MBim/2 Q7 i?
;72 iHv BM+ 2 b2b rBi? Ma.BM©h2BIb2 BNBK2 Bb bBKBH " iQ i?72 MQ@
M/ # B/;2b i?2 HB;?i @bd XHH?2VBiR2 § Hm2 bHB;?iHV BM+"2 b2b 7m"
HB;?i /vM KB+ bi HH "2;BK2 #2;BMb Ub?(QRNR¢vaB®BMIi ki ® M?@B+ kh "[2!
bi iB+ bi HH- HQbb Q7 KKX7i>Bb2@2b2ip2/n(Mbi2 /v bi HH Bb +? ~ +
BM+ 2 bBM; ?vbi2 2bBb-b2T * iBQM- M/ 2 ii +?K2Mi Q7 i?2 pBb+Q
BMHQ /BM;X h?2 pBb+Qmb "2;BQM 2ti2M/b iQ i?2 Q' /2 Q7 i?2 B 7C
bT MX h?Bb "2;BK2Bb b2MbBiBp2iQ B '7QBH T ~ K2i2'b- M;H2 Q7

MmK#2 - M/ KQiBQM ivT2X MQi?2  BM7HmM2MiB H7 +iQ  Bb i?2 M
Hv2 b2T " iBQM T 2+2/BM; k@ X 2G 22M8M ; iBQM{ HH Q++m b r?22M i?:
b2T ° iBOQM #m##H2 #m bibr?BH2i° BHBM; 2/:2b2T " iBQMQ++m"b
M/ 1?22 #QmM/ "vH v2 b2T " i2bX G biHv-i?2 /22T bindp RPMRK2 Q +-



bB;MB7B+ MiHv 2t+22/b i?2 bi iB+ bi HH M;H2 Ub?RX®K #A/NMNs QPBMib |
"2;BK2-i?2 7THQr #° 2 Fb/QrM BMiQ pQ i2tbi m+im 2b ii?2 H2 /BM;
i?22mTT2 B ' 7QBH bm 7 +2- ;"2 iHvBM+'2 bBM; HB7i M/ ?vbi2 2beE
Q7 i?2 pBb+Qmb "2;BQM Bb Km+? H ;2" i? M BM i?2 T'2pBQmb “2;B
B"7QBH +?Q /X h?Bb "2;BK2 ivTB+ HHv Q++m°'b /m BM; +QK#BM
Q TBi+?  i2bX AiBb MQi BM7HmM2M+2/ #v B ' 7QBH T ~ K2i2'b M/ K
>Qr2p2 - i?2 #2? pBQ Q7 i?2 7THQr Bb BM7HmM2M+2/ #v i?2 iBK2 ?B
r?2M Bi 2t+22/b i?2 bi iBk&X BB RNKBRIDB(+ib i?2 THQr7B2H/ Q++m "Bl
i?72irQ bB;MB7B+ Mi 7HQr "2;BK2bX

6B;m 2 RXk, 6HQr7B2H/ /m BM; /vM KkB Y M @ GIB [ 2T i@/ HHXKU#V @ .22

RXj 2°Q/vM KB+ JQJ/2Hb

hQ /2bB;M /Bbim # M+2 :2M2" iQ  bvbi2K + T #H2 Q7 T Q/m+BM;

“i2b-BiBb + m+B HiQ [m MiB7vi?27Q +2b M/ KQK2Mib bbQ+B i:
TBi+?BM; KQiBQMX S 2/B+iBQM Q7 i?2 mMbi2 /vHQ /b QM i?2 B'7
mM/2 bi M/BM; i?2 BKTHB+ iBQMb Q7 i?2 mMbi9)XBM2bb BM i?2 /2b]



h?2 2 "HB2bi bim/B2b BM mMbi2 /v 2°Q/vM KB+b r2 2k QM/Zn+i2/ #
/2p2HQT2/ i?2Q°2iB+ H KQ/2H iQ T 2/B+i i?2 mMbi2 /v HQ /b QM
mMM/2 :QBM; “#Bi' v TBi+?BM; KQiBQMX h?2 KQ/2H bbmK2b i? i |
B"'7QBHBbBMpBb+B/ M/BM+QKT 2bbB#H2- M/ HH7Q KmH iBQMt
h?2i?BM B 7QBHi?72Q v bbmK2b bK HH +? \M;M/Bo\ i PR+ MH; H2MJ 2 " iQ
K blhi @ THMM;2 KQMRORMWQ/2H +QKTmi2bi?2BM7HM2M+2 Q7 i?2r
TH M2QMi?2+B +mH iBQM "QmM/i?2 B '7QBH-i FBM; BMiQ ++Qm
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