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Effect of the two boundary conditions on the conformation tensor

ε = 0.0001
ε = 0.001 
ε = 0.01  
ε = 0.1   
ε = 1.0   
ε = 10.0  
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MESO−SCALES

MACRO−SCALES

MD:
retains atomistic

details

CFD:
continuum
modeling

Lattice Boltzmann,
Brownian Dynamics

DPD:

each particle is 
a collection of molecules

Brownian Dynamics,
momentum−conserving
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4000 DPD particles, FENE+LJ forces

vv: 4 chains of 20 beads each 
vv: 4 chains of 50 beads each
vv: 4 chains of 100 beads each
lowe: 4 chains of 20 beads each 
lowe: 4 chains of 50 beads each
lowe: 4 chains of 100 beads each
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Static exponent scaling (ν) for different polymer spring models

Stiff: ν = 0.49719

FENE 2rc: ν = 0.57235

Hookean: ν = 0.55148

FENE 2rc, L−Jones: ν = 0.61669

FENE 3rc, L−Jones: ν = 0.61358

Hookean, L−Jones: ν = 0.61046

Stiff, L−Jones: ν = 0.5736

Wormlike: ν = 0.55162
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Static exponent scaling (ν), velocity−Verlet method, δt=0.01

vV ∆t/δt=1 : ν = 0.595

vV ∆t/δt=6 : ν = 0.599

vV ∆t/δt=10: ν = 0.593
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Static exponent scaling (ν), Lowe method, δt=0.01

Lowe ∆t/δt=1 : ν = 0.6

Lowe ∆t/δt=6 : ν = 0.602

Lowe ∆t/δt=10: ν = 0.602

Lowe ∆t/δt=20: ν = 0.598

� M�K4X�@IJ [ � � �kT*HKJPJ�Z J�>[G/L�B�GIM � J�b T$GIF�K�K>J�@�MYQ�K L>Q GIHKJ Tc>�F��YMRQ�K J�S ? L>QSJ�Q2G + L�BmG�HKJ'@1F N MYXSThL�B�K�AD@1F7G�MYL>QkL�BF T�MRQ�K��YJ ? L!��A � J�@#>1HSF>MRQ K4L \ J�@IQKJ N WDA �������kF_Q N HSF�@ N > 	 ? L_G�J�Q2G�M F�� TYB
L�@ G�HSJ \DC ��X ?�? J�@��UF_Q N\E LHG�J>3 T� �YLHG�J�@���T�>1HKJ � J!�



M�M [

10
1

10
2

10
0

10
1

M−1 (=number of beads−1)

<
R

gy
ra

tio
n

2
>

 

Static exponent scaling (ν), velocity−Verlet method, a
ij
=0, δt=0.01

vV ∆t/δt=1 : ν = 0.594

vV ∆t/δt=10 : ν = 0.604

� M�K4X�@IJ [ � � �YT*HKJ ? J�@�B
L!@ � F>Q�>[JlL�B G�HKJPT$GIF�K!K>J�@�J N \DC Tc>1HSJ � JlMYQkM N J�F���K2F>Ta>�L>Q N MuGIMRL4QST � � ��� ^ � ���XT*HSJ
? F�@IF � J�G�J�@IT*F�@IJhL_G�HSJ�@�GtMYT�JhG�HKJlTIF � J/F>T*MYQ�� M�K>X�@�J [ � � �sGIL ? ���
')( � ,�� � 	�9�� �:5 � � 05 � ���	� � 9 ��� ��
�� � � 	�� 05

T*HKJV@IJ�T�X��uG1T ? @IJ�T�J�Q2G�J N MYQdG�HKM T T$Jb>cGIMRL4QdF>M � G�L/T$M � X��YF_G�J�G�HKJY@IJ�T ? L>QST�J�L�B�Kb ? HSF�K4JY� �54 � L!�RJb>[X��YJ�T�XSQ N J�@
T$G�J�F N A T�HKJgF�@bOSF_Q N >�L �'? F�@�JZGIHKJh����� @�JgT$X��uG1TYGtMuGIH\>[L!@c@IJ�T ? L4Q N MYQ�K'@�JgT$X��uG1TYB @IL ��� @ILHGtQKM F_Q��aA�QSF � M`>�T
���%� �ZF>Q N J�S ? J�@�M � J�Q2GIF�� N F7G1F��'T*HKJnG�L�@ � �YM %>Jh>1HeF_MYQ � � > � � N J�T�>�@IM�WeJ N MYQ T$Jb>cG�MYL>Q o � L MYTZXST�J N B
L!@ZF����
� ��4 T�M � X�� F7G�MYL>QeTtF_Q N lUQ N J�@IHKM���� F_Q N � LHAD�RJ43 T � ��� � ? J�@IT�MYT$G�J�Q�>[JX�YJ�Q�K>G�H ����� �V>[L�@�@IJ�>cGIMRL4Q^F���G*F9A�T�F ?�? �RMYJ�T
G�L^L>X�@_@IJ�T�X��RGITVB
L!@h:�� Q�� � L>XP>1HKMYF_G�3 T�� ��L �d>[L�@�@IJ�>cGIMRL4Q1B
L!@UGIHKJ N X � W�WjJ����7>�F>T�J ? @�L N XP>[J N T$GIF_G�M T!GIM�>�F�����A
T�M � M��YF�@k@IJ�T�X��RGIT G�L G�HKJdL�@IM�K>MYQSF�� � F�@�%>L>b ',M�K!K>M F ������� � � L N J��p�?'�MYQ�>[J�G�HKJ���� >[L�@�@IJ�>cGIMRL4Q T!GIX N MYJ�TZMYQ � ��� �

G�J�@IJ N L>QKJ#GtMRG�H]G�HKJ�� ���kB
L!@ � X��YF�O G�J N LPQKL>GUXST�J � L4X�>1HKM F7G�3 T \ J�@IT�MYL>Qm�

� ��4 � L!�RJb>[X��YJ�T�XKQ N J�@�T$G�JgF N A T�HKJ�F�@WHSF \ JnWeJ�J�QOJ�S�G�J�QeT$M \ J���A T!GIX N MYJ N MYQfJ�S ? J�@IM � J�Q2GIF��@� � �*F>Q N >[L � b
? X,G1F7GIMRL4QSF�� � o�O �jQ
�#G�L!@�%,T�� 0`Q:M � � ��O�' � MuGIH � J H 4�� � � � ? J�@cB
L�@ � J N F WjJ�QP>1H � F�@�% T$G�X N A L�B��Kb � �54
� L��YJ�>�X��RJgTZMRQ XKQKM�B
L�@ � T�HKJgF�@@�SLHG L�B�T�HKJ�F�@#@IF_G�J�T"!)$# �5" �&%

�
� J �'? �RLHA�MYQ�KBF�� o	� A(' >1HeF_QKQKJ���MRQ T�L��Rb

\ J�Q2GIT�GtMuGIH \ M Tc>�L4T�MuGIMRJgT A ^ L��,� Q�Q	�*) �'�mT*HKJgT$J*T!G1F_MYQKJ N WSF�>[G�J�@�MYL ? HeF�K>J � L!�RJb>[X��YJ�T HSF \ J�FX>[L>Q2GIL>X�@7�RJ�Q�K_GIH



M�M
�

	 � Q M A(' F_Q N �YL>Q�K>J�T$G_@IJ�� FHSKF7GIMRL4Q^GIM � J�T�L�BNL," �*% �
MYQiG�HKJfL�� ) � T�L��YX,G�MYL>Q �*F>Q N M �&% �
MYQiG�HSJhQ�Q�� ) � T$L>b
�YX,G�MYL>Q ��� 7 G�A ? M`>�F�� � L!�RJb>[X��YJk>�L>Q2GIF>MRQST�@IL>X�K4H���A � ��� ? J�@1T$M T$G�J�QP>[Ja�YJ�Q�K_G�HeT�F>Q N HKJ�Q�>[J#>�F>Q WjJX>�L>QST�M N J�@IJ N
H ��0 M & 4 ���il�T�MRQ�K ����� G�J MRQ \ J�T$G�M�K4F7GIJ N GIHKJ N A�QSF � M`>�TWL�B�F T�MYQ�K��YJ � > � �iT*HSJ � L \ MYQ�K\WjL>XSQ N F�@IMYJ�TlF_G
� ^ �,� � ^.	�� F�@IJ � L N J��RJ N XST�MRQ�K E J�J�T$b � N G*F�@ N TYWjL>XKQ N F�@�A�>�L>Q N MuGIMRL4QST?��M���� � � ? F�@�G�M`>��YJ�Tk�YJ�F \ MRQ�K G�HSJ
N L � F>MRQdF7G � ^B�,��	 � F�@�J�F N,\ F_QP>[J N � @IJ[GIF�@ N J N WDAlF_Q�MRQP>�@IJ � J�Q2G L�B , �F^ 
 
 & � ) 
 
 &�@IJ�T ? J�>cGIM \ J���A/MRQ�G�HSJ
� ) N M�@IJ�>[G�MYL>QmO!GtHKJ�@IJ�&�MYTmG�HKJtGIM � JUJ��YF ? T�J N B @�L � F>Q F ?�? @IL ? @�M F7GIJ�L!@�M�K>MYQdL�B G�M � J�T�F>Q N 
 
 N J�QKL>G�J�T G�GtM�>�JG�HSJZT�HKJgF�@ \ J��YL >[MRG�APL�B JgF�>1H WjL>XKQ N F�@�A�� �BL!@�J�L \ J�@bO_GIHKJ \ J��YL >[MRG�A L�B GIHKJ ? F�@�G�M`>��YJ M T�MRQP>�@IJ�F>T�J N � N Jb>�@IJ�F>T�J N
WDA 
 
C� ) 
 
 O F�>�>�L>XKQ2GIMRQ�K'B
L!@aWjL_GIHBG�HKJ�M �'? L4T�J N WjL>XKQ N F�@�A >�L>Q N MRG�MYL>Q F>Q N GIHKJ \ J��RL >�MuG�A N M Tc>�L>Q2G�MYQ�XKMuG�A
WjJ[G�G�J�J�QOG�HKJ G�G�LiG*F����YT��*T*HSMYT >[L!@c@IJ�>[G�MYL>Q M T�JgT�T�J�Q2GIMYF�� OmT�MRQP>[J GIHKJ N MYTIT�M ? F_G�M \ J1B
L�@ >[J�T N J ? J�Q N L4QfG�HSJ
@IJ�� F7G�M \ J ? F>M�@�GtMYT�J \ J��YL >[MRG�MYJ�T��UT*HKJJ@�JgT!GtL�B G�HSJJWeL4XKQ N F�@�MYJ�T*F�@IJ Gc@IJ�F7GIJ N ? J�@�MYL N M`>�F�����AnB
L�@UF���� GIHKJ/T$L!� \ J�Q2G
����� ? F�@$GIM�>��RJgT��JT L]F \ L>M N XKQ ? HDA,T�M�>�F�� ? J�@�MYL N M`>[MRG�AiF�@$GIM B�F!>cG1T�O ? L���A � J�@kWjJ�F N T62�� 4 piXKQ N J�@cK4L F_Q J�� F>T$G�M`>
>[L!���YM T$MYL>QPMYQ G�HKJaA4b N M�@�Jb>cGIMRL4Q � ���(���5��� � � � 4�� � �	� � )
����� � � � 4�� F_Q N � � � � � ) � , & ��� � � 4�� � ��M�ZjJ�@�J�Q2G
>1HSF>MRQBT�M�e�J�TYG�J�@IJlF�>�>[L � � L N F7GIJ N WDA T$G�L�@IMYQ�KPG�HKJ ? L!��A � J�@a>�L�L�@ N MRQeF7G�JgTVGtMuGIHKL>XKG � F ?�? MYQ�KPGIHKJ � WSF�>&%
MYQ G�HKJ]L�@IM�K>MYQSF�� N L � F_MYQm� T*HSMYTdF����RLHG�J N GIHKJ MYQ2Gc@1F7b ? L!��A � J�@FB
L�@ >[J�TlG�L WeJ]>�F��`>[X��YF_G�J N ? @�L ? J�@c��A�OdGtHKM��YJ
G�HSJ >�L����RJb>cG�M \ JdT$L!� \ J�Q2G$b`T�L�� \ J�Q2G�F>Q N ? L���A � J�@$b`T$L!� \ J�Q2G�MYQ2G�J�@1F�>[G�MYL>QSTaG�J�@�J >�F���>�X��YF_G�J N GtMuGIH GIHKJ � F ?�? J N
� ? J�@IMYL N M�> ��M � F�K4J�T��hT*HKJPJ�Z J�>[G/L�B�GIHKJ T�M � X��YF_G�MYL>Q WeL9SkT�M�e�Jn	�
� 	���i	� B
L�@hG�HSJ ? @�JgT$J�Q4GIJ N @�JgT$X��uG1T
G*F>T�MRQ \ JgT!GIM�K2F7GIJ N F_Q N ? @IL \ J N G�L WeJhQKJ�K!�RM�K>M�W��YJ�� �KL!@�GIHKJX@�JgT$X��RGIT�T�HKLHGtQmO�F ? J�@IMRL N M`>_WjL9S L�B N M � J�QeT$MYL>QST
M���1Q	�� oFG*F>T�XST�J N MRQiF��eXKM N L�B(�������f����� ? F�@�G�M`>��YJ�T��7T*HKJJ>�L>QST�J�@ \ F7G�M \ J_B
L�@ >[JZF �'? �YMuGIX N J#G�F4TNI�S�J N
G�L�� ��� ^ [ o�� ��� ��� OKF4T*MRQ � [ M � �

0`Q L�@ N J�@hG�L ? @IL ? J�@���A T$M � X�� F7GIJ �Kb ? HSF�K4J'� �54 � L!�RJb>[X��YJ�TZXSQ N J�@/T$G�JgF N AkT�HKJgF�@bO G�J N J�IeQKJPG�HKJ N M � J�Q,b
T�MRL4Q��RJgT�T � J�M T�T�J�QDWjJ�@�K�Q�X � WeJ�@�L�B G�HSJ �eLHGVF>T
���k^ !)�� ODB
L!@tF�T�HKJ�F�@�@1F7GIJ !)d� �UJ�@�J!O��]M T�GIHKJ ? L!��A � J�@�� T
�YL>Q�K4J�T$G�@IJ�� FHSKF7GIMRL4QPG�M � J!ODGtHKM�>1H MYTV>�L �'? X,GIJ N WDA'IKG�G�MYQ�KdF>Q J�S ? L>QKJ�Q2G�M F�� F_QSF���A2G�M`>�F��%>�X�@ \ JUGILlGIHKJhF \ J�@�b
F�K4J � J�F_QKb T�g2XSF�@IJ/J�S�G�J�QST�MRL4Q �SGIHKM T�M T � 2 JtQKJb>[J�TITIF�@IM���A GIHKJlJ�Q N b�GIL_b J�Q Ni\ F��RXKJ!� 0`Q ? F�@$GIM�>�X��YF�@�OPG�J N J�ISQSJ
G�HSJ � F�S�M � X �r? @IL C!J�>[G�J N F \ J�@IF�K>J � L!�RJb>[X�� F�@hJ�S�G�J�QST�MRL4Q�� ��� L�B�F ? L���A � J�@J>1HSF_MYQkXSQ N J�@lT�HKJgF�@ZMRQ G�HSJ
� b N M�@�Jb>cGIMRL4QiF4T�G�HKJ � F�S�M � X � F�WeT$L!�RX,GIJ N M Z J�@IJ�QP>[J/L�B G�HSJ � b >[L�L�@ N MYQSF7GIJ�T�L�B F����&G�HSJJWeJgF N TUF \ J�@1F�K4J N MYQ
G�M � J�O�Mp� J!��O � ��� � ^!��" � MYQ � � 
 � ) � F�S � � 
 �#" � B
L�@�F���� � WjJ��YL>Q�K>MYQ�KBG�L F >1HSF_MYQm�\T*HKJ J�S ? L4QKJ�Q2G�M F���IKG$GIMRQ�K



M�M �

F ?�? @�L2F�>1H ? @IL \ M N J�TWFi@�J��YF�SKF7G�MYL>Q GIM � J]QKJ�F�@c��A G�HKJiT�F � J � GtMRG�HSMRQ3M��js ��F>TlG�HSF_GdL!W,GIF>MRQKJ N WDA IKG$GIMRQ�K
G�HSJ �YF_G�J�b�GIM � JPGIF>M���L�B*G�HSJ � JgF_Q,b`T�g4XeF�@IJ @1F N MRXSTlL�BVK�AD@IF_G�MYL>Q�� !#" ��� � � M�K4X�@IJ [ � oiT�HKLHGUTZGIHKJnIKG�G�J N @�J�b
T�X��uG1T��'T*HKJn>�F���>�X�� F7G�J N � J�F>Q,b`Tcg2XSF�@�J�J�S�G�J�QST$MYL>Q L�B*F_Q MRQKMRG�M F�����AA���Ds/b J�S�GIJ�Q N J N >1HSF>MRQ G�F4TkIKG$GIJ N GtMuGIH
� � � � ^ � � � ��� � � � � � �

� ��� GILdL!W,GIF>MRQ G�HSJ#>1HeF_MYQ @IJ�� FHSKF7GIMRL4Q G�M � J � � �UJ�@�J!O � � � M T�G�HSJhMYQKMRG�M F�� T$Gc@IJ[G >1H F>Q N
� � � ��� M T�G�HKJdJ�g2XKM��RM�W�@IMRX � \ F��RXSJ�� ��g2XSF7GIMRQ�K G�HKJPF�@IJ�F XKQ N J�@kWjL_GIH >[X�@ \ J�TYI�S�J N G�HSJfB @IJ�J ? F�@1F � J[GIJ�@ L�B
G�HSJ#IKG��

0 50 100 150 200 250 300 350 400 450 500

0

20

40

60

80

100

120

140

160

time

<
x2 >

DPD, 5 beads
Analytic, τ=45.6
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DPD Lowe:   2 beads (τ~29.9)

DPD Verlet:  2 beads (τ~16.5)

DPD Verlet:  5 beads (τ~20.8)

DPD Verlet:  10 beads (τ~31.2)

DPD Verlet:  20 beads (τ~51.8)

BD: 20 beads (Hur et al. 2000)

Experiment (Smith et al. 1999)

�)(�K+*�@�, [H- L�� �T,A48I � > � B @O4�>V39(71�I24�6 ,�SH39,AI2.9(M1+IBC+,�@O.�*Z. ���h>51�< ? 4�@�,A:=391 �Z` � o
�P48I2:T` �54b,�S ? ,�@9(7<E,5IN3�.
� � ��:�483�4 - TX02,X@�,A.9*�6M3�. ? @�,A.9,5IN3�,A: *2.�,f3�0�,KI�1+I�L .�3�4�K�K+,�@�,A:>C C � � ^B� �X48IZ: E 1HG�,f.c>O02,5<E,A. ��	i^ �5" o � -
>V1+I2.9(7.�39,AI�>�AE1�B�390�, ? 4�@O48<E,539,�@O.�GG4+.�C+,�@�( I2,;:'B @�1�< 390�,f,bg+*2(M67(�W�@9(7*�< <E,A4�I�L .�gN*24�@�,#,AI2:HL\3918L ,5IZ:J:�(F.�3O48I�>5,
1�B�4 Q�LpWS,A4+:B:�*�<fW�WS,5676pOP>V1+< ? *�39,;:d4�. �  � � [ �,"Ro�L�O�(MI\>56M1N.�,K4�K�@�,5,5<E,AI+3_G�(M390W3�0�,K3�0�,51!@9,539(`>5486�CD4�6M*2,K1�B
�," �!Q K�(7C�,AIiWDA�� �jo
� �  � � ^ Q�g '*) � ��� M3)  !����� ��M3) �

�
� ���
	  "! ��� - � 0�(M67,E<E1+.�3X@�,A.9*�6M3�. ? @�,A.9,5IN39,;:T(7Ii3�0�(7.

GG1�@�%T,5< ? 671HAT3�0�, G�(F:�,56�Ai*2.9,A:_C+,5671 >V(M3�A+L C ,�@�67,V3^.c>O02,5<E,'BY1�@K3�(M<E,J(7IN39,�K�@O4�39(71�I�O (MI IPK�*�@�, [H- L]G�,>024DC+,
486F.91=(7I�>V67*2:�,;:\@�,A.9*�6e3O.kBY1�@JQ WS,A4+:�. *Z.�(7I�K E 1HGG, � .#<E,V3�0�1�: - �)(�K+*�@�, [H- [ >51�< ? 4�@9,;.�3902,'>A486`>V*�6F4�3�,A:dI21�@9L
<>4867(�eA,A:d4�*�391 >V1!@c@�,56F4�3�(M1+I]BY*�I�>@3�(M1+I � , � � & � , � � &�� � � � � ,�� � & �Y^ � � & � ) � � � & � � BY1�@XQ�L�O�oDLX48I2:\Q���L WZ,;4�:
>O024�(MI2.�O G�(M390b,�S ? ,�@9(7<E,5IN3�4�6Q:�4�3O4 � � � - TX0�, ? @�1�:�*�>V3�.kBY1�@f,A4!>O0 ? 4�(�@#GG,�@�, >51�676M,b>@3�,A: B @�1�< .�(7I�K�67,VL >O024�(MI
.9(M<c*�674839(71�I2.�(MI/39(7<E,_W�(7I2.NG�(M390 �� `���`���� �������  �

� � .94�< ? 6M, ? 1�(7IN3�.�O � � `��2` �PWS,5(7I�Kf3�0�,#671�I�K+,A.�3N@9,A674�S�4839(71�Ic39(7<E,
(7Id`���`_*�I2(e3O.VBY1�@#,;4�>O0�>54+.�,!O � � �����C� 3�A ? (`>54�6M6�AnI�S�,;:B391nL - �>48I2: , &�390�,?.9(7<?*�6F4�3�(M1+I=3�(M<E,A.�39, ? OZ4+.�:�1�I2,
(7IA� � � - TX0�,aI�K�*�@�,#:�,A</1+I2.�3c@O4�39,;.Q3�0�, .9,5I2.9(e3�(MCH(M3�Ac1�Bh390�,U48*�3�1 >V1�@�@�,56F4�39(71�Ic391h>V1+4�@�.9,VL K�@O48(7I�(7I�KU1�Ba390�, �����
BY1�@ >V,5L\,�SH39,5IZ.�(71�I�BY1!@9<c*�674 - 'H(�K�I�(�IP>54�IN3U:�,�K�@O4�:�4839(71�Id(7Ii3�0�,/4�K�@�,5,A</,AIN3kG�(M390i,�S ? ,�@9(7<E,5IN3�.f4 ?�? ,;4�@O._BY1!@
<E1�@�,E39024�I o�WS,A4�:2. - TX0�(F.?.90�1HG#.f3902,=67(M<E(M3�.^1�BX390�,1>51+4�@�.9,VL K�@O48(7I�(7I�K=1�B�4T</,;.�1N.c>51 ? (`> @9,A674839(71�I .9*�>O0
4�.�� ��� - TX0�, �����1BY1!@9<c*�6F4iK+(MC+,A.c390�,d4DC+,�@O4�K�,>,AI2: BY1�@ >V,B1�BU4*>O024�(MI >V1�IZ.�(F.�3�(MI�KR1�BU4R674�@cK+,=IH*�<fWS,�@
1�B�</(`>�@�18L ,567,5<E,AI+3O. � WZ,;4�:HL @�1H:2._B @�,5,A6�A @�183O4�39(7I�KB4�3XI�S�,A:\WS1�IZ:i48I�K�67,A.�� - TX0�,'>V1N4�@O.�,5LpK!@�4�(MI�,;: >51�*�IN3�,�@9L
? 4�@�3O.#1�BQ3�0�,������f>O0248(7I2.a@91�3�4�3�,c4�WZ1+*�3 3�0�,5(�@kWS,A4+:�._G�(M390b48IDA]WZ1+I2:T48I�K�67, - �R,c024DC�,f>51�< ? ,5I2.�4�3�,A:�BY1!@



MbQ�M

3902(7.#B @�,5,;:�1�<5WDAi486M39,�@9(7I�K � �W(MIb3�0�,���� �hBY1�@�<?*�6F4 BY1�@K3�0�,J.9*�W�L >O0248(7I2.f(7IR3�0�,J. ? (�@�(M3^1�B � ��� � -�� 6M,;4�@�6�A!O
4 QDL WZ,;4�:R:�*�<fW�WZ,A6M6�>A48I�I2183^:�,A.�>�@�(�WZ,c390�,>(7I2.�3�4�I+3O48I�,A1�*2.#>51�I I�K+*�@O4�39(71�IZ. 1�BK` �54 1!W2.9,�@�C�,A:iWDA � � � - 0 B
3902,5(�@f>54 ? 39*�@�,>(F.f390�,>1!WDC�,�>V39(7C�,E1�B�.9(M<c*�674839(71�ImO�390�,AI_390�,><E1�:�,A6�I�,A,A:�.f3�1 >V1�IZ.�(F.�3^1�BX4W6F4�@�K�,/IH*�<fWS,�@
1�B�<E(`>�@�18L ,567,5<E,5IN3O.#.�*P>O0T4�.�3�0�,nQ�Q	� B @�,5,A6�ANL @91�3�4839(7I�K�O�WS,A4+:HL @91�: >O024�(MI2. 1�B�� o
� - � (M390 I�S�,;: WZ1+I2:T4�I�K�67,
3902,A.9,hWS,�>51�<E,?3�0�,/</(`>�@�18L ,567,5<E,AI+3O.#1�B�390�, � > � O G�(F:�,56�A\>V1+I2.9(7:�,�@9,;:W391]WS,/4�Ii4 ?�? @91 ? @9(F4�3�,?<E1�:�,567BY1!@
` ��4 - T�1>:�4839,U3902,5(�@ .�(7<?*2674839(71�IB024�.XI�1�3_WZ,A,5Id4�3939,A< ? 39,A: -

0 5 10 15 20 25 30 35 40
0

0.5

1

<
∆x

(t
) 

∆x
(t

+
T

)>

wormlike model, 2 beads
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wormlike model, 5 beads

Experiment: We=1.3
Experiment: We=6.3
Experiment: We=19
Experiment: We=19
DPD: We=1.3
DPD: We=6.3
DPD: We=19

0 5 10 15 20 25 30 35 40
0

0.5

1

U
x
 T / L

y

<
∆x

(t
) 

∆x
(t

+
T

)>

wormlike model, 20 beads
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DPD,∆t/δt=1  Lowe:  5 beads  (τ~45.6)
DPD,∆t/δt=6  Lowe:  5 beads  (τ~45.6)
DPD,∆t/δt=10 Lowe:  5 beads  (τ~45.6)
BD: 20 beads (Hur et al. 2000)
Experiment (Smith et al. 1999)
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DPD, Γ=4.5  Lowe:  5 beads  (τ∼45.6)
DPD, Γ=22   Lowe:  5 beads  (τ∼180.3)
DPD, Γ=45   Lowe:  5 beads  (τ∼414.4)
BD: 20 beads (Hur et al. 2000)
Experiment (Smith et al. 1999)
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