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�������
(OHFWURPDJQHWLVP

	
6SHFLDO�5HODWLYLW\

,QWURGXFWLRQ�WR�6SHFLDO�5HODWLYLW\

E\�'DYLG�1��-DPLHVRQ
6FKRRO�RI�3K\VLFV

8QLYHUVLW\�RI�0HOERXUQH
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6SHHG�RI�OLJKW

■ ³/LJKW´
± UHDO�OLJKW

± UDGLR�ZDYHV

± �[�UD\V��JDPPD�UD\V��PLFURZDYHV��RU�DQ\�RWKHU�VRUW�RI
HOHFWURPDJQHWLF�ILHOG�

■ 6SHHG�LV�F� �������������P�V������ELOOLRQ�NP�KU�

■ IDVW�EXW�ILQLWH

■ $OWHUQDWLYH�SLFWXUHV�RI�OLJKW���ZDYHV���RU���SDUWLFOHV
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/LJKW�DV�DQ�HOHFWURPDJHQWLF�ZDYH

■ ,Q�WKH�ODWH���WK�FHQWXU\��WKH�GLVWLQFW�WRSLFV�RI�(/(&75,&,7<�DQG
0$*1(7,60�ZHUH�XQLILHG

■ +��+HUW]��DQG�RWKHUV��VKRZHG�LW�ZDV�SRVVLEOH�WR�KDYH�D�IUHH
HOHFWURPDJQHWLF�ZDYH�WKDW�WUDYHOOHG�DW�VSHHG

��������������������������F� ��[����P�V
■ $V�WKLV�ZDV�NQRZQ�WR�EH�WKH�VSHHG�RI�OLJKW��LW�ZDV�FRQFOXGHG
WKDW�OLJKW�ZDV�DQ�HOHFWURPDJQHWLF�ZDYH

■ (LQVWHLQ�VKRZHG�LQ������WKDW�OLJKW�FDPH�LQ�VPDOO�TXDQWD�QRZ
FDOOHG�SKRWRQV

■ 3LFWXUH�
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/LJKW�DV�DQ�HOHFWURPDJQHWLF�ZDYH

■ 3URSHUWLHV�RI�ZDYHV��F� �λI
■ (LQVWHLQ�SLFWXUH�

(QHUJ\�RI�HDFK�TXDQWXP�
(� �KI
ZKHUH�K� �3ODQFN¶V�FRQVWDQW

��� �����[������-�V
��� �����[������H9�V

■ &RORXU�RI�OLJKW�������QP� ���ELOOLRQWK�RI�D�PHWUH�

Colour Wavelength
λ

Energy
E

Short λ, High E Blue 400 nm 3.1 eV

Green 560 nm 2.2 eV

Long λ, Low E Red 700 nm 1.8 eV
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6SHHG�RI�OLJKW

■ )LUVW�PHDVXUHPHQW�RI�VSHHG�RI�OLJKW�IURP�DVWURQRPLFDO
PHDVXUHPHQWV��5RHPHU�LQ�����

JuneDecember

16 minute delay ■ 3HULRG�RI�HFOLSVHV����WR����GD\V
�,R�WR�&DOOLVWR�

■ 'LDPHWHU�RI�(DUWK¶V�RUELW�LV�F�[
���PLQXWHV

■ )URP�GHOD\�DQG�GLDPHWHU��JHW�F
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■ *DOLOHR�
± 7KH�ODZV�RI�3K\VLFV�GR�QRW�GHSHQG�RQ�DEVROXWH
PRWLRQ��GRHV�WKLV�LQFOXGH�HOHFWURPDJQHWLVP"�

■ 1HZWRQ�
± $Q�REMHFW�RQFH�VHW�LQ�PRWLRQ�UHPDLQV�LQ�PRWLRQ
XQWLO�DFWHG�XSRQ�E\�DQ�H[WHUQDO�IRUFH

± 7KH�XQLYHUVH�LV�JRYHUQHG�E\�D�PDMHVWLF
FORFNZRUN�ZKHUH�DOO�FORFNV�HYHU\ZKHUH�DW�DOO
WLPHV�WLFN�LQ�SHUIHFW�V\QFKURQLVDWLRQ�

7KH�3LRQHHUV��*DOLOHR�DQG�1HZWRQ
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7KH�FRQWULEXWLRQ�RI�(LQVWHLQ

■ 7LPH��VSDFH�DQG�JUDYLW\

■ 7KH�WKHRU\�RI�6SHFLDO�5HODWLYLW\
± IRU�IDVW�REMHFWV

± IRU�FRQVWDQW�YHORFLW\

■ 7KH�WKHRU\�RI�*HQHUDO�5HODWLYLW\
± IRU�KLJK�REMHFWV

± IRU�DFFHOHUDWHG�REMHFWV
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7ZR�LPSRUWDQW�TXHVWLRQV

■ ���&DQ�ZH�XVH�PHFKDQLFV�WR�PHDVXUH�WKH�³DEVROXWH�VSHHG´
RI�WKH�(DUWK��RU�DQ\�RWKHU�ODERUDWRU\�"
± 1HZWRQ�VKRZHG�ZH�FDQ¶W�GR�WKLV�ZLWK�PHFKDQLFV

± 0DJQHWLVP�LV�D�YHORFLW\�GHSHQGHQW�IRUFH��FDQ�ZH�XVH�LW"

± $QVZHU��1R�

■ ���+RZ�GRHV�OLJKW�EHKDYH"
± /LNH�WHQQLV�EDOOV"

± /LNH�VRXQG�ZDYHV"

± /LNH�VRPHWKLQJ�HOVH�

■ 5HTXLUH�ERWK�WKH�6SHFLDO�7KHRU\�RI�5HODWLYLW\�DQG�WKH
*HQHUDO�7KHRU\�RI�5HODWLYLW\
± 6SHFLDO�WKHRU\���(LQVWHLQ�LQ�����

± *HQHUDO�WKHRU\���(LQVWHLQ�LQ�����

© Assoc Prof D.N. Jamieson and Dr R.E. Scholten 1999

/LJKW�DV�DQ�HOHFWURPDJQHWLF�ZDYH

■ :D\V�WR�SURGXFH�HOHFWURPDJQHWLF�UDGLDWLRQ
± (OHFWURQV�RVFLOODWLQJ�EDFN�DQG�IRUWK

± (OHFWURQV�GURSSLQJ�HQHUJ\�OHYHOV�LQ�DWRPV

± 5HDUUDQJHPHQWV�RI�WKH�QXFOHXV�RI�DQ�DWRP

± $QQLKLODWLRQ�RI�PDWWHU�ZLWK�DQWL�PDWWHU

■ �/LVWHG�KHUH�LQ�RUGHU�RI�LQFUHDVLQJ�HQHUJ\�

■ 'LVWDQFH�OLJKW�WUDYHOV�LQ�RQH�\HDU�LV�FDOOHG�³7KH�OLJKW�\HDU´

■ ��OLJKW�\HDU� ���\HDU�RI�WLPH�[�F
� �����[������P��WHQ�WKRXVDQG�ELOOLRQ�NP�

■ :K\�LV�OLJKW�VR�VORZ"

■ :K\�LV�WKH�XQLYHUVH�VR�ELJ"
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7R�EHJLQ

■ 1HHG�WR�VWXG\�KRZ�REMHFWV�PRYH

■ )URP�WKLV�FDQ�GHYHORS�ODZV�RI�PHFKDQLFV

■ 1HHG�WR�VWXG\�KRZ�OLJKW�EHKDYHV

■ ,V�WKLV�FRQVLVWHQW�ZLWK�WKH�ODZV�RI�PHFKDQLFV"

■ �1R�
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%HIRUH�5HODWLYLW\

■ *DOLOHR��DQG�1HZWRQ��NQHZ�WKDW�DQ�REMHFW��RQFH�VHW�LQ�PRWLRQ�
FRQWLQXHV�LQGHILQLWHO\�DW�FRQVWDQW�VSHHG�XQOHVV�DFWHG�XSRQ�E\�DQ
H[WHUQDO�IRUFH�

■ &DQQRW�GHWHFW�WKLV�PRWLRQ�IURP�³LQVLGH´

Twice the speed of
sound and not a

drop spilled!
...or parked at the

gate?

Lifestyle of a Concorde passenger

© Assoc Prof D.N. Jamieson and Dr R.E. Scholten 1999

■ &DQQRW�XVH�RUGLQDU\�PHFKDQLFV�WR�GHWHFW�RXU�VSHHG�WKURXJK
WKH�FRVPRV

■ (OHFWURVWDWLF�IRUFH���)� �N4T�U�

■ 0DJQHWLF�IRUFH��)� �TY%

���PDJQHWLF�IRUFH�GHSHQGV�RQ�WKH�VSHHG��Y��

%XW�HOHFWURPDJQHWLVP��DQG�OLJKW��PD\�EH�GLIIHUHQW

T 4U

1 6
T

Magnetic
field, B

Velocity, v
Deflecting
force, F
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+RZ�IDVW�DUH�ZH�JRLQJ�DQ\ZD\"

Earth’s Orbit
around Sun:
30 km/s

Milky Way
Galaxy
trajectory
towards
Great
Attractor:
7000 km/s

Sun’s Orbit
around
galaxy:
250 km/s
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6XPPDU\

■ 7KH�6SHFLDO�7KHRU\�RI�5HODWLYLW\
± &DQ�ZH�PHDVXUH�DQ�DEVROXWH�VSHHG"

± &DQ¶W�XVH�RUGLQDU\�PHFKDQLFV

± &DQ�ZH�XVH�OLJKW"

± 3HUKDSV��VLQFH�OLJKW�LV�DQ�HOHFWURPDJQHWLF�ZDYH�DQG�PDJQHWLVP
GHSHQGV�RQ�VSHHG

± +RZ�GRHV�OLJKW�EHKDYH"
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+RZ�GRHV�OLJKW�EHKDYH"

■ /LJKW�LV�DQ�HOHFWURPDJQHWLF�ZDYH

■ 6R�H[SHULPHQWV�ZLWK�OLJKW�PLJKW�DOORZ�XV�WR�GHWHFW�RXU
DEVROXWH�VSHHG�WKURXJK�WKH�FRVPRV�

■ 6R�KRZ�GRHV�OLJKW�EHKDYH"

3RVVLEOH�$QVZHUV�

■ /LNH�7HQQLV�%DOOV"

■ /LNH�6RXQG�:DYHV"

■ /LNH�6RPHWKLQJ�(OVH"
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+RZ�GRHV�OLJKW�EHKDYH"

■ /LNH�WHQQLV�EDOOV"

100 km/hr
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+RZ�GRHV�OLJKW�EHKDYH"

■ /LNH�WHQQLV�EDOOV"

100 km/hr
0 km/hr
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+RZ�GRHV�OLJKW�EHKDYH"

■ /LNH�WHQQLV�EDOOV"

c − v ?−v

+v c + v ?

double
stars
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+RZ�GRHV�OLJKW�EHKDYH"

■ /LNH�WHQQLV�EDOOV"

c − v ?−v

+v c + v ?

Light signals would
get out of sync!!
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+RZ�GRHV�OLJKW�EHKDYH"

■ /LNH�WHQQLV�EDOOV"��12�

c−v

+v c

True situation
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+RZ�GRHV�OLJKW�EHKDYH"

■ /LNH�VRXQG�ZDYHV"

Speed of sound in air always Mach 1
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+RZ�GRHV�OLJKW�EHKDYH"

■ /LNH�VRXQG�ZDYHV"

Speed of sound in air always Mach 1
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+RZ�GRHV�OLJKW�EHKDYH"

■ /LNH�VRXQG�ZDYHV"

Mach 2
Mach 1

I can’t hear
anything!
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+RZ�GRHV�OLJKW�EHKDYH"

■ /LNH�VRXQG�ZDYHV

■ 6RXQG�LQ�$LU

± $LU�KDV�SUHVVXUH

± 0DGH�RI�2��1��$U

± +DV�PDVV

± <RX�EUHDWK�LW

± ���

■ /LJKW�LQ�$HWKHU"

± $HWKHU�LV�LQVXEVWDQWLDO

± 9HU\�HODVWLF

± 2WKHU�SURSHUWLHV"""
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+RZ�GRHV�OLJKW�EHKDYH"

■ /LNH�VRXQG�ZDYHV"

30 km/s

c − 30 km/s ?

c

Aether wind!
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+RZ�GRHV�OLJKW�EHKDYH"

30 km/s

c

c■ /LNH�VRXQG�ZDYHV"

12��
■ 0LFKHOVRQ
�0RUOH\
H[SHULPHQW
IRXQG�QR
GLIIHUHQFH�
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7KH�6SHFLDO�7KHRU\�RI�5HODWLYLW\

■ /DZV�RI�3K\VLFV�WKH�VDPH�IRU�HYHU\ERG\

■ 7KH�VSHHG�RI�OLJKW�WKH�VDPH�IRU�HYHU\ERG\
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7KH�6SHFLDO�7KHRU\�RI�5HODWLYLW\

■ /DZV�RI�3K\VLFV�WKH�VDPH�IRU�HYHU\ERG\

■ 7KH�VSHHG�RI�OLJKW�WKH�VDPH�IRU�HYHU\ERG\

Sun’s light
moves at
speed c

Sun’s light
moves at
speed c
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+RZ�GRHV�OLJKW�EHKDYH"

■ 6XPPDU\

Object Us Them
Us 0 −v

Them v 0
Tennis  Ball 0 −1 0 0 km/hr

Sound
Wave

speed of
sound

speed of
sound −v

Light c c

v
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7KH�0DLQ�(YHQWV

■ ���7LPH�'LODWLRQ
■ ���/RUHQW]�&RQWUDFWLRQ
■ ���5HODWLYLW\�RI�6LPXOWDQHLW\
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7KH�/LJKW�&ORFN

■ $�SKRWRQ�ERXQFLQJ�EHWZHHQ�PLUURUV
PD\�EH�XVHG�DV�D�FORFN

mirror

mirror

light
photon
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7KH�/LJKW�&ORFN

■ $�SKRWRQ�ERXQFLQJ�EHWZHHQ�PLUURUV
PD\�EH�XVHG�DV�D�FORFN
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7KH�/LJKW�&ORFN

■ $�SKRWRQ�ERXQFLQJ�EHWZHHQ�PLUURUV
PD\�EH�XVHG�DV�D�FORFN
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7KH�/LJKW�&ORFN

■ $�SKRWRQ�ERXQFLQJ�EHWZHHQ�PLUURUV
PD\�EH�XVHG�DV�D�FORFN
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7KH�/LJKW�&ORFN

■ $�SKRWRQ�ERXQFLQJ�EHWZHHQ�PLUURUV
PD\�EH�XVHG�DV�D�FORFN
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7KH�/LJKW�&ORFN

■ $�SKRWRQ�ERXQFLQJ�EHWZHHQ�PLUURUV
PD\�EH�XVHG�DV�D�FORFN
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7KH�/LJKW�&ORFN

■ $�SKRWRQ�ERXQFLQJ�EHWZHHQ�PLUURUV
PD\�EH�XVHG�DV�D�FORFN

“tick”
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30 km/s

7KH�OLJKW�FORFN�VHHQ�IURP�VSDFH
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7KH�OLJKW�FORFN�VHHQ�IURP�VSDFH
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7KH�OLJKW�FORFN�VHHQ�IURP�VSDFH
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7KH�OLJKW�FORFN�VHHQ�IURP�VSDFH
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7KH�OLJKW�FORFN�VHHQ�IURP�VSDFH
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Speed C

Speed C
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Speed c

Speed c

Long
distance

Short
distance
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Speed c

Speed c

Long
distance

Short
distance

0RYLQJ�&ORFN�LV�VORZ�
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7KH�7ZLQ�3KHQRPHQRQ

■ 7ZLQV�

■ 2QH�VWD\V�RQ�(DUWK

■ 7KH�RWKHU�JRHV�RQ�D�ORQJ
VSDFH�MRXUQH\�DW�KLJK�VSHHG

■ 7KH�VSDFH�WZLQ�DJHV�PRUH
VORZO\

■ 8SRQ�UHWXUQLQJ�WR�(DUWK�WKH
VSDFH�WZLQ�LV�\RXQJHU�WKDQ�WKH
(DUWK�WZLQ

■ )XOO�H[SODQDWLRQ�LV�D�OLWWOH
EH\RQG�WKH�VFRSH�RI�WKLV
FRXUVH
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7ZLQ�3KHQRPHQRQ��7R�H[WUHPH

■ 0RYLQJ�FORFNV�WLFN�VORZHU

■ )DVW�FORFNV�WLFN�VORZHU�WKDQ
VORZ�FORFNV

■ $V�IDVW�FORFNV�DSSURDFK�WKH
VSHHG�RI�OLJKW��UDWH�VORZV�WR
]HUR

■ &ORFNV�WUDYHOOLQJ�DW�VSHHG�RI
OLJKW�DUH�VORZHG�WR�]HUR

■ 6R�ZKDW�KDSSHQV�IRU�VSHHGV
IDVWHU�WKDQ�WKH�VSHHG�RI�OLJKW"

■ &ORFNV�UXQ�EDFNZDUGV""

■ &DQQRW�KDSSHQ�LQ�WKLV�XQLYHUVH�

■ 7KHUHIRUH��VSHHG�RI�OLJKW�LV�WKH
PD[LPXP�SRVVLEOH�VSHHG�
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&RQFOXVLRQV

■ 0RYLQJ�FORFNV�UXQ�VORZ�

■ /LJKW�SDWK�IRU�RQH�³WLFN´�LQ�WKH�OLJKW�FORFN�LV�ORQJHU�WKDQ�IRU
RQH�³WLFN´�LQ�WKH�VWDWLRQDU\�FORFN

■ 6SHHG�RI�OLJKW�LV�WKH�VDPH

■ 6WDWLRQDU\�FORFN�VHHV�PRYLQJ�FORFN�WLFNLQJ�VORZHU

■ :RUNV�IRU�$//�FORFNV�
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7KH�0DLQ�(YHQWV

■ ���7LPH�'LODWLRQ
■ ���/RUHQW]�&RQWUDFWLRQ
■ ���5HODWLYLW\�RI�6LPXOWDQHLW\
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0RYLQJ�FORFNV�UXQ�VORZ��([SHULPHQWDO�7HVW

■ 0DQ\�H[SHULPHQWDO�WHVWV�DYDLODEOH�

■ :LOO�ORRN�DW�RQO\�RQH�FDVH�VWXG\

■ 6KRUW�OLYHG�UDGLRDFWLYH�SDUWLFOHV�DUH�FUHDWHG�E\�FRVPLF�UD\
ERPEDUGPHQW�RI�WKH�(DUWK¶V�DWPRVSKHUH

■ 7KHVH�FDQ�EH�GHWHFWHG��VHH�RXU�WKLUG�\HDU�SK\VLFV�ODE�
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&RVPLF�5D\V
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0RYLQJ�FORFNV�UXQ�VORZ�

■ &RVPLF�5D\V�FUHDWH�IDVW�PXRQV�LQ
RXWHU�DWPRVSKHUH

■ ,GHQWLFDO�PXRQV�FUHDWHG�LQ�WKH
ODERUDWRU\�OLYH�IRU�����PLOOLRQWKV�RI
D�VHFRQG

■ (YHQ�DW�VSHHG�RI�OLJKW��WKLV�LV�QRW
ORQJ�HQRXJK�WR�UHDFK�VHD�OHYHO�

■ )DVW�PXRQV�OLYH�ORQJHU�WKDQ�VORZ
PXRQV

Fast muons
created here

Expect to
decay here

See plenty here!

Height

4800 m
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0RYLQJ�REMHFWV�FRQWUDFW�

■ +RZ�GR�WKH�PXRQV�YLHZ�WKH
VLWXDWLRQ"

■ 0XRQV�DOZD\V�OLYH�IRU����
PLOOLRQWKV�RI�D�VHFRQG�E\�WKHLU�RZQ
FORFNV

■ 7KH�IDVW�PRXQWDLQ�PXVW�VKULQN�IRU
LW�WR�JHW�SDVW�LQ�WKH�VKRUW�WLPH
DYDLODEOH

■ 0RYLQJ�REMHFWV�FRQWUDFW�

Stationary
muons
created

here

Fast mountain

Height

4800 m

I’m not
going to
live long
enough
to reach

sea level!
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0RYLQJ�REMHFWV�FRQWUDFW�

■ +RZ�GR�WKH�PXRQV�YLHZ�WKH
VLWXDWLRQ"

■ 0XRQV�DOZD\V�OLYH�IRU����
PLOOLRQWKV�RI�D�VHFRQG�E\�WKHLU�RZQ
FORFNV

■ 7KH�IDVW�PRXQWDLQ�PXVW�VKULQN�IRU
LW�WR�JHW�SDVW�LQ�WKH�VKRUW�WLPH
DYDLODEOH�

■ 0RYLQJ�REMHFWV�FRQWUDFW�

Height

4800 m
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Height

4800 m

0RYLQJ�REMHFWV�FRQWUDFW�

■ +RZ�GR�WKH�PXRQV�YLHZ�WKH
VLWXDWLRQ"

■ 0XRQV�DOZD\V�OLYH�IRU����
PLOOLRQWKV�RI�D�VHFRQG�E\�WKHLU�RZQ
FORFNV

■ 7KH�IDVW�PRXQWDLQ�PXVW�VKULQN�IRU
LW�WR�JHW�SDVW�LQ�WKH�VKRUW�WLPH
DYDLODEOH

■ 0RYLQJ�REMHFWV�FRQWUDFW�

Bottom of mountain reaches muon
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6XPPDU\

■ 7R�KDYH�D�FRQVLVWHQW�VWRU\�
± %RWK�PXRQV�DQG�H[WHUQDO�REVHUYHU�PXVW�DJUHH�RQ�KRZ�PDQ\�PXRQV
UHDFK�WKH�(DUWK¶V�VXUIDFH

± 0XRQ�FORFN�WLFNV�VORZHU�DV�VHHQ�E\�(DUWK

± �(DUWK�FORFN�WLFNV�VORZHU�DV�VHHQ�E\�PXRQV��

■ 5HTXLUH�WKHUHIRUH�PRYLQJ�REMHFWV�WR�FRQWUDFW

■ .QRZQ�DV�WKH�/RUHQW]��)LW]JHUDOG��FRQWUDFWLRQ
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7KH�0DLQ�(YHQWV

■ ���7LPH�'LODWLRQ
■ ���/RUHQW]�&RQWUDFWLRQ
■ ���5HODWLYLW\�RI�6LPXOWDQHLW\
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5HODWLYLW\�RI�6LPXOWDQHLW\

■ /HFWXUH�WKHDWUH�H[SHULPHQW
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5HODWLYLW\�RI�6LPXOWDQHLW\
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Simultaneous! I see it!I see it!
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&DQ¶W�GHWHFW�FRQVWDQW�VSHHG�

■ /LIHVW\OH�RI�WKH�&RQFRUGH�SDVVHQJHU

Twice the speed of
sound and not a

drop spilled!
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NOT Simultaneous!

Spacetime simulation
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■ &RQVWDQW�IRUFH��F��LPSOLHV�FRQVWDQW�DFFHOHUDWLRQ��a
IURP�1HZWRQ¶V�F = ma�IRUPXOD

■ &DQ�DQ\�VSHHG��v��EH�UHDFKHG"

■ 1R���&DQQRW�KDYH�v > c

■ &DQ�VKRZ�WKDW�E = mc2�ZKHUH�m�LV�WKH�³UHODWLYLVWLF
PDVV´�RI�DQ�REMHFW�DQG�E�LV�WKH�WRWDO�HQHUJ\�RI�WKH
REMHFW

■ )URP�WKLV�

ZKHUH�mo�LV�WKH�³UHVW�PDVV´�RI�WKH�REMHFW�
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Earth View

Alpha Centauri

4.5 ly

Photon
View

7KH�XQLYHUVH�VHHQ�E\�D�SKRWRQ

■ 2QO\�ZHLJKWOHVV�REMHFWV�FDQ�WUDYHO�DW�WKH�VSHHG�RI�OLJKW

■ $OO�FORFNV�IUHH]H

■ $OO�GLVWDQFHV�FRQWUDFW�WR�]HUR

■ :KHUH�ZRXOG�\RX�OLNH�WR�JR�WRGD\"
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6XPPDU\

■ &RQVWDQW�VSHHG�RI�OLJKW�OHDGV�WR�
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6XPPDU\�FRQWLQXHG

■ 3URSHUWLHV�RI�³JDPPD´�
± DOZD\V�JUHDWHU�WKDQ��

± FORVH�WR���IRU�RUGLQDU\�VSHHGV

± DSSURDFKHV�LQILQLW\�DV�VSHHG�DSSURDFKHV�VSHHG�RI�OLJKW

■ 7LPH�GLODWLRQ�W¶� �W�γ
■ /RUHQW]�FRQWUDFWLRQ�/¶� �/�γ
■ 0DVV�LQFUHDVH�P¶� �P�γ

■ ,Q�PXRQ�H[SHULPHQW��γ� �������Y� ������F
�L�H��0XRQV�OLYH������WLPHV�ORQJHU�WKDQ�DW�UHVW�
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Proton View

*DOD[\�FURVVLQJ�SURWRQV

■ *DOD[\�YLHZ

SURWRQ�VSHHG�Y���F��MXVW�
γ� �����
&URVV�JDOD[\�LQ�∆W ����\HDUV

■ 3URWRQ�YLHZ

JDOD[\�VSHHG�Y���F��MXVW�
/¶� �/�γ� ���������� ������O�\�
���� ����PLOOLRQ�NP� �����$�8�
+HQFH�∆W¶� �/¶�F� ������\HDUV
�������������������������� ����
VHFRQGV

Galaxy View

L = 105 light years


