
!"#!$%&'&(")$

&$*+,-./,01$2.32$4*$,5,6789$
+.$,$/:2;*7,<89$98+./,+.0$+7,+$
=4>>$2>.=$+78$2.32$=78/$
98<08**89?$$@78$>8/A+7$.B$+78$
/:2$4*$C9D$:/4+*?$$&$E04/A$<4/$
/88989$+.$4A/4+8$+78$2.32$4*$
>.6,+89$,+$+78$2.5.3$.B$,$=8>>;
*7,<89$,6-F,+.0?$$@78$=8>>G*$
98<+7$4*$CH9?D$$!.+7$<4868*I$
JKLMN$O@&@L"P&'QI$,08$*7.=/$
+.$+78$04A7+?$

&+$*.38$<.4/+I$+78$=8>>;*7,<89$
,6-F,+.0$4*$,668>80,+89$+.$,$
F8>.64+1$CF?D$$&*$<08*8/+89I$=4>>$
+78$2.32$A.$.RS$

   bomb
(stationary)

detonator

well-shaped activator

T?U$

d

2d

firing
   pin

Q.:$08,>>1$6,/G+$,/*=80$+74*$:/>8**$1.:$V/.=$3.08I$*.$>8+G*$28A4/$21$,**:34/A$+78$=8>>G*$
F8>.64+1$4*$?WXX6$Y/.+8$+7,+$+78$*V8+67$4*$!"#$#"$%&'()Z+74*$<0.2>83$=4>>$28$08389489$./$
+78$/8[+$*>498U?$$J4+7$+7,+$4/B.03,-./I$=8$6,/$=04+8$+78$08>,-F8$F8>.64+1$,*\$

! = .866 = 3
2

! =
1

1" v
c

#
$%

&
'(

2)

*
+

,

-
.

1/2

 = 1

1" .866c
c

#
$%

&
'(

2)

*
+

,

-
.

1/2

 = 1
1" .75[ ]1/2

! = 2

,/9$+78$08>,-F4*-6$B,6+.0$,*\$

H?U$

v = .866c

   bomb
(stationary)

detonator

well ! shaped activator

firing
   pin

J8$=4>>$*+,0+$21$>..V4/A$,+$+78$<0.2>83$B0.3$
+78$<80*<86-F8$.B$+78$2.32$284/A$*+,-./,01?$$
@7,+$38,/*$+78$3.F4/A$,6-F,+.0$=4>>$>8/A+7$
6./+0,6+$21$,$B,6+.0$.B$$$$$$$$$$$$$$$$>8,F4/A$4+$=4+7$
,$=8>>;98<+7$.B$C9?D$$$

! = .866c

   bomb
(stationary)

detonator

length-contracted well

1
! = .5

]?U$

&>+7.:A7$+78$*6,>89$*V8+67$*:AA8*+*$+7,+$+78$
!"#$%!&'()'*+%'&%*(!,*(-$=4>>$74+$+78$#(.(/'()'
*+%',012,*(-'3%44'Y98+./,-/A$+78$2.32U$,*$+78$
#(/#'5,06,7%'6.38*$4/$6./+,6+$=4+7$+78$
("*89&%'%&7%'()'*+%',012,*(-'Y+74*$=.:>9$
.+780=4*8$*+.<$+78$4/6:0*4./I$.0$*.$./8$34A7+$
+74/VUI$,$*<,68;-38$94,A0,3$4*$08,>>1$+78$28*+$
=,1$+.$*88$=7,+$4*$7,<<8/4/A$4/$+74*$<0.2>83?$$
@7,+$4*$=7,+$=8$,08$,2.:+$+.$>..V$,+?$$

&*$,$3,580$.B$6./F8/48/68I$+78$*V8+67$+.$
+78$04A7+$498/-E8*$8,67$<,0+$.B$+78$
*1*+83$,/9$7.=$8,67$=4>>$28$+80389?$$
YP.-68$+7,+$=4+7$+78$,6-F,+.0G*$>8/A+7$
6./+0,6-./I$+78$*V8+67$4*$/.=$+.$*6,>8^U$$$

bomb-end of detonator-nub 
  (OR front-end of  bomb-package) 

nub-end of  
  detonator

outside-edge of  
 activator well

bottom of  
  activator well

! = .866c

bomb

detonator

activator

J8$,>*.$/889$+.$98E/8$,/$.04A4/;;,/$[G$_$`$<.4/+;;4/$+78$
,6-F,+.0G*$B0,38$.B$08B808/68$Y+74*$=4>>$28$6,>>89$+78$
<0438$B0,38$.B$08B808/68U?$$J8$=4>>$+,V8$+7,+$.04A4/$+.$28$
>.6,+89$,+$+78$.:+*498$89A8$.B$+78$=8>>?$$$$$

! = .866c

a?U$

sketch of system at 
ct = 0 and ct ' = 0

("*89&%$%&7%'()'
,012,*(-'3%44'b:*+$
<,**4/A$!"#$%!&'()'
&%*(!,*(-$,+$6+$_$`$
,/9$6+G$_$`?$$$

J8$,994-./,>>1$/889$+.$
986498$=78/$+.$C*+,0+$+78$
6>.6V?D$$M8+G*$,**:38$+7,+$
=78/$+78$("*89&%$%&7%'()'
*+%',012,*(-$3%44'b:*+$
<,**8*$+78$!"#$%!&'()'*+%'
&%*(!,*(-I$2.+7$6>.6V*$*+,0+$
Y+7,+$4*I$6+$_$`$,/9$6+G$_$`$,+$
+7,+$<.4/+U?$$$

x = 0

c.0$.:0$<:0<.*8*I$+78$:/<04389$6..094/,+8$,[8*$Y:$,/9$0*U$=4>>$28$
,**.64,+89$=4+7$+78$2.32G*$B0,38$.B$08B808/68$Y,A,4/I$=8$,08$
*+,0-/A$.:+$,**:34/A$+78$2.32$4*$/.+$=7,+$4*$3.F4/AU?$$J8$/889$
+.$98E/8$,/$.04A4/?$$L/$+74*$6,*8I$+78$498,>$<.*4-./$B.0$[$_$`$4*$+78$
!"#$%!&'()'*+%'&%*(!,*(-'Y*88$*V8+67U?$

x ' = 0



O86./9I$,/$8F8/+$6,/$*43<>1$28$,$<.4/+$.B$4/+808*+$./$,$=.0>9;>4/8I$+7.:A7$4+$4*$3.08$
6.33./>1$,**.64,+89$=4+7$,$<.4/+$=7808$+=.$=.0>9;>4/8*$60.**?$$c.0$4/*+,/68I$4B$+78$
=.0>9;>4/8$.B$+78$#(.(/'()'*+%',012,*(-$Y=7808$+78$E04/A$<4/$4*U$=808$+.$60.**$+78$
=.0>9;>4/8$.B$+78$!"#$%!&'()'*+%'&%*(!,*(-I$+78$E04/A$<4/$,/9$98+./,+.0$=.:>9$28$4/$
+78$*,38$<>,68$,+$+78$*,38$-38$?$?$?$=7467$4*$+.$*,1$+78$2.32$=.:>9$2>.=?$$@7,+$8F8/+$
=.:>9$.66:0$=78/$+7840$=.0>9;>4/8*$60.**89?$

d?U$

@78$./>1$.+780$+=.$24+*$.B$,3:*838/+$=8$/889$,08$3.08$>4V8$0834/980*$+7,/$,/1+74/A$8>*8?$

@7,+$38,/*$+7,+$8F8/$+7.:A7$,$<.4/+$./$,/$.2b86+$3,1$28$<71*46,>>1$
*+,-./,01$=4+7$4+*$C[D$6..094/,+8$/.+$67,/A4/AI$+7,+$<.4/+$=4>>$*->>$28$3.F4/A$
4/$-38?$$L/$.+780$=.09*I$,$<.4/+G*$=.0>9;>4/8$=4>>$,>=,1*I$,+$,$34/43:3I$*7.=$
3.-./$,>./A$+78$C6+D$,[4*?$$$

c40*+I$,$=.0>9;>4/8$+0,6V*$+78$3.-./$.B$,$%"LP@$"P$&P$"!eNf@$./$,$*<,68;-38$
94,A0,3?$$L+$,>>.=*$1.:$+.$498/-B1$=7808$+78$<.4/+$4*$Y4?8?I$4+*$<.*4-./$6..094/,+8$C[D$U$
,+$,$A4F8/$4/*+,/+$4/$-38$Y4?8?I$4+*$-38$6..094/,+8$C6+DU?$$$

event 1
(the nub-end of detonator reaches 
outside edge of activator-well)

T?U$$8F8/+$T\$$@78$("*89&%'%&7%'()'*+%',012,*(-$3%44$
08,678*$+78$!"#$%!&'()'&%*(!,*(-g$+74*$7,<<8/*$4/$
+78$:/<04389$B0,38$,+$[$_$`I$6+$_$`?$

X?U$

@7808$,08$+7088$<.4/+*$.B$4/+808*+$Y8F8/+*U$+.$
8[,34/8$B.0$+74*$<0.2>83?$$@781$,08\$

! = .866c

   bomb
(stationary)

detonator

activator

x = 0

@78$,6-F,+.0$+0,F8>4/A$=4+7$F8>.64+1$$$$$$$$$$$$$$$$
3.F8*$,$94*+,/68$C9D$4/$-38$C+?D$$@7,+$38,/*\$$

H?U$$8F8/+$H\$$@78$("*89&%$%&7%'()'*+%',012,*(-$
,>4A/*$=4+7$+78$#(/#$%!&'()'*+%'&%*(!,*(-$!"#'Y4+$
,>*.$6.38*$4/$6./+,6+$=4+7$+78$)-(!*'%&7%'()'*+%'
#(/#Ug$4/$2.32G*$B0,38I$+74*$7,<<8/*$,+$[$_$9I$6+$_$
9h$$$?$$$

Y#4/.0$<.4/+\$7.=$949$=8$A8+$+74*$-38SU$

event 2
(the outside edge of well 
reaches the bomb and aligns
with the bomb-end of the nub)

!

i?U$

x = d
   bomb
(stationary)

v = d / t
    !    "c = d / t
    !    ct = d /"

"v = !c"
activator

event 2

! = .866c

x = 0

event 3
(the nub-end of detonator
reaches bottom of well)

]?U$$8F8/+$]\$$;+%'#(.(/'()',012,*(-$3%44'08,678*$+78$
!"#$%!&'()'*+%'&%*(!,*(-g$4/$2.32G*$B0,38I$+74*$
7,<<8/*$,+$[$_$`$,+$-38$6+$_$9h$$$$?$$!

W?U$

   bomb
(stationary)

! = .866c

x = 0



NF8/+$]$4*$+78$<.4/+$=7808$+78$=.0>9;>4/8$.B$+78$
!"#$%!&'()'*+%'&%*(!,*(-'60.**8*$+78$=.0>9;>4/8$
.B$+78$#(.(/'()'*+%',012,*(-$3%44'Y4?8?I$=7808$
+78$E04/A$<4/$4*U?$

NF8/+$H$4*$+78$<.4/+$=7808$+78$=.0>9;>4/8$.B$+78$
,012,*(-<8')-(!*'60.**8*$+78$=.0>9;>4/8$.B$+78$
#(/#$%!&'()'*+%'&%*(!,*(-$!"#?$$

j?U$

f.338/+\$$P.-68$+7,+$+78$*V8+67$B.0$8F8/+$]$>..V*$b:*+$>4V8$+78$*V8+67$B.0$8F8/+$H?$$K.=$*.S$&A,4/I$
8F8/+*$,08$98E/89$,*$<.4/+*$.B$4/+808*+$,>./A$,$=.0>9;>4/8?$LB$+=.$*8<,0,+8$8F8/+*$7,<<8/$
89/"4*,!%("84=$4/$,$A4F8/$B0,38$.B$08B808/68$Y>4V8$+78$2.32G*$B0,38U$2:+$=4+7$94R808/+$6..094/,+8*I$
+78$*V8+67$+7,+$98<46+*$8,67$*4+:,-./$=4>>$>..V$+78$*,38?$$$

Y2.5.3$.B$,6-F,+.0;=8>>$*+04V8*$
/:2;8/9$.B$98+./,+.0U$

YB0./+;8/9$.B$,6-F,+.0;=8>>$*+04V8*$2.32;8/9$.B$
98+./,+.0;/:2Z4?8?I$B0./+;8/9$.B$2.32U$

Y2.5.3$.B$
,6-F,+.0;=8>>U$

Y/:2;8/9$.B$
$$$98+./,+.0U$

YB0./+;8/9$.B$
,6-F,+.0;=8>>U$

Y2.32;8/9$.B$
98+./,+.0;/:2$$$$
$$$$$$$$"'$
B0./+;8/9$.B$
2.32U$

event 2

bomb

detonator

activator

bomb

detonator

activator

@78$+=.$8F8/+*$7,<<8/$*43:>+,/8.:*>1$4/$+78$2.32G*$B0,38$.B$08B808/68I$*.$+78$90,=4/A*$
+7,+$<46+:08$+78*8$+=.$.66:008/68*$>..V$+78$*,38?$$

event 3

J8$,08$A.4/A$+.$9.$+74/A*$4/$<4868*$+.$3,V8$+78$E/,>$*<,68;-38$94,A0,3$3.08$
:/980*+,/9,2>8?$$@.$*+,0+I$+78$*<,68;-38$94,A0,3$28>.=$+0,6V*$+78$=.0>9;>4/8$.B$+78$
!"#$%!&'()'*+%'&%*(!,*(-I$,**:389$C*+,-./,01D$4/$+74*$B0,38$.B$08B808/68I$,*$+7,+$
<.4/+$<0.6889*$+70.:A7$-38?$$

d!d
T`?U$

! = .866c

WORLD-LINE of nub-end of the detonator
(this point is physically stationary in this frame;
look at sketch--its x coordinate does not change)

as the nub-end MOVES IN TIME
(remember, everything is moving in time!)

x

ct

nub moving in time

nub-end
of detonator

bomb-end
of detonator-nub

x = 0

nub-end
of detonator

x = 0

nub-end
of detonator

nub-end
of detonator

@78$*<,68;-38$94,A0,3$28>.=$+0,6V*$+78$=.0>9;>4/8$.B$+78$#(/#$%!&'()'*+%'
&%*(!,*(-$!"#$Y,V,\$+78$)-(!*'()'*+%'#(/#U$,**:389$C*+,-./,01D$4/$+74*$B0,38$.B$
08B808/68I$,*$+7,+$<.4/+$<0.6889*$+70.:A7$-38?$$

d!d
TT?U$

WORLD-LINE of bomb-end of detonator-nub
(this point is physically stationary in this frame;
look at sketch--its x coordinate does not change)

MOVING IN TIME

x

ct

x = 0

nub moving in time

nub-end
of detonator

bomb-end
of detonator-nub

! = .866c

x = 0

bomb-end of 
detonator-nub

bomb-end of 
detonator-nub

bomb-end of 
detonator-nub

d

x = d

@78$*<,68;-38$94,A0,3$28>.=$*7.=*$+78$=.0>9;>4/8*$.B$+78$!"#$%!&'()'*+%'&%*(!,*(-',/9$+78$
#(/#$%!&'()'*+%'&%*(!,*(-'Y+74*$4*$+78$=,1$+78*8$>4/8*$=.:>9$/.03,>>1$28$<08*8/+89U?$

d!d
TH?U$

x

ct

world-line of
nub-end of
detonator

x = 0

world-line of
bomb-end of
detonator-nub



J8$=.:>9$>4V8$+.$9.$,$*434>,0>1$+7.:A7k:>$<08*8/+,-./$.B$+=.$=.0>9;>4/8*$,**.64,+89$=4+7$+78')-(!*$
%!&'()'*+%',012,*(-$3%44$,/9$*+%'#(.(/'()'*+%',012,*(-$3%44?$$!8B.08$=8$9.I$=8$/889$+.$08F48=$,$
24+?$

T]?U$

x

x '

ct

ct '
T?U$O7.=/$,08$+78$:/<04389$
,[8*$Y[$,/9$6+U$,**.64,+89$=4+7$
+78$C*+,-./,01D$08B808/68$
B0,38$,/9$+78$<04389$,[8*$Y[G$
,/9$6+GU$,**.64,+89$=4+7$+78$
C3.F4/AD$08B808/68$B0,38?$

H?U$$@78$3.F4/A$,[8*$7,F8$
=.0>9;>4/8*$+7,+$,08$/.+$,+$
04A7+$,/A>8*$=4+7$./8$,/.+780$
,/9$,<<8,0$*l:,*789$,*$
F48=89$B0.3$+78$:/<04389$
B0,38?$$@74*$4*$286,:*8$+7.*8$
,[8*$,08$3.F4/A$08>,-F8$+.$+78$
CE[89D$B0,38?$

]?U$$@78$08>,-F8$F8>.64+1$
28+=88/$+78$+=.$B0,38*$4*$$$$$$$$
=7808$+78$,/A>8$28+=88/$+78$[$
,/9$[G$,[8*$4*$98+8034/89$21$$$$?$

! = .866,

!

!x

!ct
!x
!ct

= .866

#.08$08F48=\$

Ta?U$

x

ct
d?U$$&$>4/8$.B$*43:>+,/84+1$Y,$
>4/8$+7,+$4/6>:98*$,>>$<.4/+*$4/$
*<,68$,**.64,+89$=4+7$,$A4F8/$
-38U$4/$+78$:/<04389$
6..094/,+8$*1*+83$0:/*$
<,0,>>8>$+.$+78$[;,[4*?$$&$
/:3280$.B$+78*8$,08$*7.=/$+.$
+78$04A7+?$

ct0 = 0

ct1

ct2

ct3

ct4

ct5

ct6

ct7

ct8

ct9

#.08$08F48=\$

Td?U$

x

ct

X?U$$&$>4/8$.B$6./*+,/+$<.*4-./$
Y,$>4/8$+7,+$4/6>:98*$,>>$<.4/+*$
4/$-38$,**.64,+89$=4+7$,$A4F8/$
<.4/+$4/$*<,68U$4/$+78$
:/<04389$6..094/,+8$*1*+83$
0:/$<,0,>>8>$+.$+78$6+;,[4*?$$&$
/:3280$.B$+78*8$>4/8*$,08$
*7.=/$+.$+78$04A7+?$

x0 = 0
x1 x2 x3 x4 x5 x6 x7 x8 x9 x10

O->>$3.08$08F48=\$

TX?U$

x

x '

ct

ct '
i?U$$&$>4/8$.B$*43:>+,/84+1$4/$
+78$<04389$6..094/,+8$*1*+83$
0:/*$<,0,>>8>$+.$+78$[G;,[4*?$$&$
/:3280$.B$+78*8$>4/8*$,08$
*7.=/$+.$+78$04A7+?$



O->>$3.08$08F48=\$

Ti?U$

x

x '

ct

ct '
W?U$$&$>4/8$.B$6./*+,/+$
<.*4-./$4/$+78$<04389$
6..094/,+8$*1*+83$0:/*$
<,0,>>8>$+.$+78$6+G;,[4*?$$&$
/:3280$.B$+78*8$>4/8*$,08$
*7.=/$+.$+78$04A7+?$

TW?U$

x

x '

ctct '

P.+8$+7,+$4B$+78$
08>,-F8$3.-./$=,*$
94086+89$+.=,09$+78$
>8m$4/*+8,9$.B$+.=,09$
+78$04A7+I$,*$=.:>9$28$
+78$6,*8$4B$=8$=808$
,**:34/A$4+$=,*$+78$
2.32$+7,+$=,*$
3.F4/A$+.=,09$+78$
,6-F,+.0$4/*+8,9$.B$
F468$F80*,I$+78$
94,A0,3$+7,+$
4/6>:989$>4/8*$.B$
*43:>+,/84+1$=.:>9$
7,F8$>..V89$>4V8\$

O.$=7,+$=.:>9$+78$=.0>9;>4/8$.B$*+%')-(!*'()'*+%',012,*(-$3%44'>..V$>4V8S$$$

J8>>I$,*$+7,+$<.4/+$=.:>9$28$*+,-./,01$4/$4+*$.=/$B0,38$.B$08B808/68$Y+78$<04389$
B0,38UI$4+*$[G$6..094/,+8$=.:>9$/.+$67,/A8$,/9I$,*$,$6./*8l:8/68I$4+*$=.0>9;>4/8$
<,+7$=.:>9$<,0,>>8>$+78$6+G$,[4*?$$&/9$,*$4+$4*$*:<<.*89$+.$28$,+$+78$.04A4/$.B$2.+7$+78$
<04389$,/9$:/<04389$6..094/,+8$*1*+83*$,+$6+$_$`$,/9$6+G$_$`$Y=8$98E/89$+78$,[8*$
+7,+$=,1UI$4+$>..V*$,*$+7.:A7$4+*$<,+7$=4>>$B.>>.=$,>./A$+78$6+G_$`$>4/8?$

d

!d

activator well's apparent width
Tj?U$

! = .866c

x

x 'ct
ct '

bottom of moving
activation-well

moving IN TIME

world-line of
front of

activation-well

front of moving
activation-well

moving IN TIME

J7,+$=.:>9$+78$=.0>9;>4/8$.B$*+%'#(.(/'()'*+%',012,*(-$3%44'>..V$>4V8S$$

c40*+I$4+*$=.0>9;>4/8$=4>>$<,0,>>8>$+78$=.0>9;>4/8$.B$+78$,6-F,+.0G*$B0./+;8/9I$=7467$
=8$,>08,91$V/.=?$$&>*.I$,+$6+$_$`I$+7,+$<.4/+$=4>>$28$,+$[$_$;9?$$%:n/A$+74*$,>>$
+.A8+780$148>9*$+78$$>4/8$*7.=/?$$

d

!d

activator well's apparent width
H`?U$

x

x '

ct

bottom of moving
activation-well

additionally
moving IN TIME

world-line of
bottom of

activation-well

front of moving
activation-well

additionally
moving IN TIME

ct '
at ct = 0,
 x = !d
  x = 0



%:n/A$+.A8+780$+78$=.0>9;>4/8*$.B$+78$)-(!*$%!&',/9$#(.(/'()'*+%',012,*(-$3%44I$,*$F48=89$B0.3$+78$
2.32G*$B0,38$.B$08B808/68I$=8$A8+\$

d

!d

activator well's apparent width
HT?U$

x

x '

ct

ct '

bottom of moving
activation-well

additionally
moving IN TIME

world-line of
bottom of

activation-well

world-line of
front-end of

activation-well

front-end of moving
activation-well

additionally
moving IN TIME

%:n/A$8F801+74/A$+.A8+780\$@78$*<,68;-38$94,A0,3$28>.=$+0,6V*$+78$=.0>9;>4/8*$
.B$+78$8/9*$.B$+78$98+./,+.0;/:2I$,**:389$C*+,-./,01D$4/$+74*$B0,38I$,/9$+78$
=.0>9;>4/8*$.B$+78$B0./+;8/9$,/9$2.5.3$.B$+78$,6-F,+.0;=8>>I$,**:389$C3.F4/A?D$$
"/$4+I$+78$/:2$,+$8F8/+$H$6>8,0>1$E+*$4/+.$+78$=8>>$Y+7,+$4*I$+78$,6-F,+.0G*$B0./+;8/9$
*+04V8*$+78$2.32G*$B0./+;8/9$b:*+$,*$+78$/:2$*+04V8*$+78$2.5.3$.B$+78$,6-F,-./;=8>>$
=4+7$+78$2.32$

d!d
HH?U$

! = .866c

event 1
(the outside edge of well
reaches the detonator)

event 2
(the bottom of the well
reaches the detonator)

event 3

! = .866c

(the outside edge of 
well reaches the bomb)

activation well

 bottom of activation-well and
and end of nub come in contact:
               B O O M!!!

x

x '

ct ct '

event 1

event 3event 2

world-line
of  nub-end of 

 detonator

world-line
of  bomb-end of 

 nub

nub

A.4/A$!""#^U?$

@74*$4*$,$3.08$2,08;2./8*$F80*4./$.B$+78$=.0>9$>4/8*$,/9$8F8/+*$4/$l:8*-./?$$L+$4*$
3.08$>4V8$=7,+$1.:$=.:>9$*88$4/$,$+8[+2..V$.0$./$,$+8*+$Y+7,+$4*I$<46+:08*$,08$/.+$
*:<8043<.*89$./$+78$94,A0,3U?$

!d

H]?U$

activation well

 (bottom of activation-well and
and end of nub come in contact:
               B O O M!!!)

x

x '

ct ct '

event 1

event 3event 2

world-line
of  nub-end of 

 detonator
world-line

of  bomb-end of 
 nub

nub

(front-end of well and
nub-end align at

ct = 0,  x = 0,  ct ' = 0,  x ' = 0)

d

! = .866c

event 1
(the outside edge of well
reaches the detonator)

event 2
(the bottom of the well
reaches the detonator)

event 3

! = .866c

(the outside edge of 
well reaches the bomb)

B0.3$+78$98+./,+.0G*$B0,38$.B$08B808/68I$$
+7,+$94,A0,3$*7.=*$+7,+$8F8/+$&$.66:0*$
>,+80$+7,/$8F8/+$!$=4+7$8F8/+$&$7,<<8/4/A$
28+=88/$6+G ,/9$6+G$$,/9$8F8/+$!$
7,<<8/4/A$,+$6+G$$$Y>..V$,+$+78$<,0,>>8>$-38$
>4/8*$B.0$+78$*>,/+89I$<04389$6..094/,+8$
-38$,[4*U?$

world-line of
nub-end of
detonator

world-line of
bomb-end of
detonator-nub

%,08/+78-6,>$6.338/+\$$M..V$,+$+78$94,A0,3$B0.3$+78$:/<04389$<80*<86-F8?$$!.+7$8F8/+$H$,/9$8F8/+$]$.66:0$,+$
+78$*,38$-38$4/$+7,+$B0,38$YM""o$&@$@KN$OoN@fKZ2.+7$8F8/+*$*4+$./$+78$*,38$7.04p./+,>$-38$>4/8$,+$6+$$U?$$@7,+G*$
=7,+$.:0$*V8+67I$90,=/$+.$*6,>8I$3,4/+,4/*$7,*$7,<<8/89?$$J7,+$4*$4/+808*-/A$4*$+7,+$>..V4/A$,+$+7.*8$+=.$8F8/+*$$

d

!d

activator well's apparent width
Ha?U$

x

x '

ct

ct '

world line of
bottom of

activation well

world line of
front of

activation well

8F8/+$&$
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$$$L/$*7.0+I$8F8/+*$&$,/9$!$,08$
*43:>+,/8.:*$4/$+78$:/<04389$
B0,38$.B$08B808/68$,/9$P"@$
*43:>+,/8.:*$4/$+78$<04389$
B0,38?$$L/+808*-/AI$87S$



v = .866c

        well
(assumed stationary)         bomb

(length contracted)

O.$B,0I$*.$A..9?$$M8+G*$/.=$>..V$,+$+78$*1*+83$B0.3$+78$B0,38$.B$08B808/68$.B$+78$
,6-F,+.0$=8>>$Y+7,+$4*I$,**:38$+78$,6-F,+.0$=8>>$4*$*+,-./,01$,/9$+78$/:2$,/9$2.32$
,08$3.F4/A$+.$+78$>8mU?$$@78$08>,-F4*-6$B,6+.0*$*->>$7.>9$,+$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$I$2:+$/.=$
+78$,6-F,+.0;=8>>$Y284/A$,**:389$+.$28$*+,-./,01U$7,*$,$>8/A+7$.B$H9I$,*$.04A4/,>>1$
98E/89I$,/9$+78$/:2$,/9$2.32$,08$>8/A+7$6./+0,6+89?$$@78$/:2$4*$/.=$9h$$$_$9hH$:/4+*$
4/$>8/A+7?$$O88$*V8+67$28>.=?$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$

! = .866 and " = 2

Hd?U$

!

! = .866c

event 1
(the nub-end of detonator reaches 
the outside edge of activator)

HX?U$

&>+7.:A7$4+$4*$/.=$+78$2.32$,/9$/:2$+7,+$,08$>8/A+7$6./+0,6+89I$+7808$,08$*->>$+7088$
<.4/+*$.B$4/+808*+$Y8F8/+*U$+.$8[,34/8?$$@781$,08$498/-E89$28>.=\$$$
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08,678*$+78$!"#$%!&'()'&%*(!,*(-g$+74*$7,<<8/*$4/$+78$
:/<04389$B0,38$,+$[$_$`I$6+$_$`?$$c.0$+78$*,V8$.B$
6.3<>8+8/8**I$+74*$7,<<8/*$4/$+78$<04389$*1*+83$,+\$
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2.32G*$B0,38I$+74*$7,<<8/*$,+$[$_$9I$6+$_$9h$$$?$$$

&A,4/I$B.0$6.3<>8+8/8**I$4/$+78$,6-F,+.0G*$<04389$B0,38$+74*$
7,<<8/*$,+\$
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(the outside edge of well 
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P.+8\$$L/$+78$,6-F,+.0G*$B0,38$.B$08B808/68I$+78$("*89&%'%&7%'()'*+%'3%44'=,*$.04A4/,>>1$98E/89$Y*88$
*>498$aU$,*$284/A$,+$[G$_$`?$$L/$+78$,6-F,+.0G*$B0,38I$+7,+$<.4/+$7,*/G+$67,/A89$<.*4-./$Y+78$,6-F,+.0$
4*$*+,-./,01$4/$4+*$B0,38U?$$L/$.+780$=.09*I$+78$6,>6:>,+89$[G$F,>:8$3,V8*$*8/*8?$

2.32$
,6-F,+.0$=8>>$

event 3
(the nub of detonator reaches
bottom of well . . . assuming it could)
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     *    t' = 4d
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,6-F,+.0$=8>>$

]?U$$8F8/+$]\$$@78$!"#$%!&'()'*+%'&%*(!,*(-'08,678*$+78$
#(.(/'()',012,*(-$3%44',/9$+78$2.32$A.8*$.Rg$4/$
2.32G*$B0,38I$+74*$7,<<8/*$,+$[$_$`$,+$-38$6+$_$9h$$$?$

"/68$,A,4/I$B.0$6.3<>8+8/8**I$4/$+78$,6-F,+.0G*$B0,38$
+74*$7,<<8/*$,+\$$

!

P.+8\$$&A,4/I$+74*$[G$6..094/,+8$3,V8*$*8/*8?$$@78$=8>>$4/$+78$,6-F,+.0G*$B0,38$7,9$,$98<+7$.B$H9?$$
&*$4+$=,*$>.6,+89$+.$+78$>8m$.B$[G$_$`I$4+$4*/G+$*:0<04*4/A$+7,+$4+*$6,>6:>,+89$F,>:8$=.:>9$28$[G$_$;H9$
Y788I$788Z4*/G+$+74*$B:/SU?$



L/$+78$,6-F,+.0;=8>>G*$B0,38$.B$08B808/68I$,**:389$+.$28$
*+,-./,01I$+78$<04389$6..094/,+8*$,08$,+$04A7+$,/A>8*$+.$
./8$,/.+780?$$@78$B0./+$.B$+78$,6-F,+.0;=8>>$4*$98E/89$+.$
28$,+$[G$_$`I$*.$4+*$=.0>9;>4/8$<0.6889*$+70.:A7$+78$.04A4/$
,>./A$+78$6+G$,[4*$Y08383280I$+78$=.0>9;>4/8$B.0$,$<.4/+$
+7,+$7,*$,$E[89$<.*4-./$,>=,1*$0:/*$<,0,>>8>$+.$+78$-38$
,[4*U?$$@78$=.0>9;>4/8$B.0$+78$)-(!*'()'*+%',012,*(-$3%44'4*$
*7.=/$28>.=?$

!2d
activator well depth

Hj?U$
x '

ct '

! = .866c

event 1
(the nub end of detonator reaches 
outside edge of activator)

event 3
(the nub of detonator reaches
bottom of well . . . assuming it could)

event 2
(the outside edge of well 
reaches the bomb)

x ' = 0

world-line of 
front of activator-well

as it proceeds
through time

&*$28B.08I$=8$,08$A.4/A$+.$9.$+78$*<,68;-38$94,A0,3$4/$<4868*?$$$

@78$,6-F,+.0$=8>>G*$98<+7$4/$+78$,6-F,+.0G*$B0,38$.B$
08B808/68$=,*$H9?$$&*$+78$#(.(/'()'*+%',012,*(-'3%44'4*$+.$
+78$>8m$.B$[G$_$`I$4+*$6..094/,+8$4*$,>=,1*$[G$_$;$H9?$$@78$
=.0>9;>4/8$B.0$+78$#(.(/'()'*+%',012,*(-$3%44'4*$*7.=/$
28>.=?$

!2d
activator well depth

]`?U$
x '

ct '

! = .866c

event 1
(the nub end of detonator reaches 
outside edge of activator)

event 3
(the nub of detonator reaches
bottom of well . . . assuming it could)

event 2
(the outside edge of well 
reaches the bomb)

x ' = 0

world-line of 
bottom of activator-well

as it proceeds
through time

!2d
activator well depth

]T?U$
x '

ct '

! = .866c

event 1
(the nub end of detonator reaches 
outside edge of activator)

event 3
(the nub of detonator reaches
bottom of well . . . assuming it could)

event 2
(the outside edge of well 
reaches the bomb)

x ' = 0

%:n/A$+78$,6-F,+.0$=8>>G*$*4+:,-./$+.A8+780$./+.$./8$*<,68;-38$
94,A0,3$148>9*\$

world-line of 
bottom of activator-well

as it proceeds
through time

world-line of 
front of activator-well

as it proceeds
through time

@78$/:2;8/9$.B$+78$98+./,+.0$4*$>.6,+89$,+$[$_$`$,+$6+$_$`$,/9$,+$[G$_$`$,+$6+G$_$`$Y+7,+$4*$
7.=$=8$98E/89$+7.*8$p80.*U?$$L/$.+780$=.09*I$+78$/:2;8/9$7,*$+.$<0.6889$+70.:A7$
+78$.04A4/$.B$2.+7$6..094/,+8$,[8*?$$Y@74*$=,*$8F8/+$T?U$$&>*.I$286,:*8$+7,+$<.4/+$4*/G+$

]H?U$

x

x '

ct
ct '

event 1

! = .866c

event 1
(the nub end of detonator reaches 
outside edge of activator)

event 3
(the nub of detonator reaches
bottom of well . . . assuming it could)

event 2
(the outside edge of well 
reaches the bomb)

3.F4/A$4/$+78$
:/<04389$B0,38I$4+G*$
[$6..094/,+8$3:*+$
,>=,1*$28$+78$*,38$
4/$+7,+$B0,38?$$
'83832804/A$+7,+$,$
<.4/+$+7,+$4*$E[89$4/$
*<,68$7,*$,$=.0>9;
>4/8$+7,+$4*$<,0,>>8>$+.$
+78$-38$,[4*;;4/$+74*$
6,*8I$+78$6+$_$`$>4/8;;$
=8$A8+$+78$=.0>9;>4/8$
*7.=/$+.$+78$04A7+?$$$



J8$V/.=$+7,+$+78$=.0>9;>4/8$B.0$+78$2.32;8/9$.B$+78$/:2$Y+78$B0./+$.B$+78$2.32$
<,6V,A8U$=4>>$<,0,>>8>$+78$=.0>9;>4/8$.B$+78$/:2;8/9?$$J8$,>*.$V/.=$+7,+$+78$B0./+$.B$
+78$2.32$=4>>$28$9hH$:/4+*$,78,9$.B$+78$/:2;8/9$9:8$+.$>8/A+7$6./+0,6-./?$$%:n/A$
+74*$,>>$+.A8+780$148>9*$+78$=.0>9$>4/8$*7.=/$28>.=?$

]]?U$

x

x '

ct
ct '

event 1

! = .866c

event 1
(the nub end of detonator reaches 
outside edge of activator)

event 3
(the nub of detonator reaches
bottom of well . . . assuming it could)

event 2
(the outside edge of well 
reaches the bomb)

d/2

%:n/A$+78$
B.:0$=.0>9;
>4/8*$
+.A8+780$
=4+7$,$>45>8$
,0+=.0V$Y+78$
,0+=.0V$=4>>$
28$083.F89$
4/$+78$/8[+$
*>498UI$=8$
A8+$+78$
B.>>.=4/A$
*<,68;-38$
94,A0,3?$

!2d

]a?U$

x

x '

ct
ct '

event 1

event 2
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d/2

! = .866c

event 1
(the nub end of detonator reaches 
outside edge of activator)

event 3
(the nub of detonator reaches
bottom of well . . . assuming it could)

event 2
(the outside edge of well 
reaches the bomb)

w
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m nub

activator well depth

!2d

]d?U$

x

x '

ct
ct '

event 1

event 2

a
c
t
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v
a
t
o
r

w
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f
r
o
n
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d/2

! = .866c

event 1
(the nub end of detonator reaches 
outside edge of activator)

event 4
(the nub of detonator reaches
bottom of well . . . assuming it could)

event 3
(the outside edge of well 
reaches the bomb)
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L/$2,08;2./8*$
B.03$Y+78$=,1$
1.:$=.:>9$
/.03,>>1$*88$4+$
4/$,$+8[+2..VI$
.0$=7808$8F80U\$

K808$6.38*$+78$B:/$*+:R\$L+$*883*$08,*./,2>8$+.$,**:38$+7,+$
=78/$+78$)-(!*'()'*+%'#(/#'74+*$*+%')-(!*'()'*+%',012,*(-$3%44'
Y8F8/+$HUI$+78$2.32$,/9$/:2$=4>>$60:3<>8$+.A8+780$+78$*,38$
=,1$+78$7..9$.B$,$*+,-./,01$6,0$,/9$+78$7..9$.B$,$*<889$6,0$
=4>>$60:3<>8$+.A8+780$4B$+78$*<8894/A$6,0$0,3*$4/+.$+78$
*+,-./,01$6,0?$$J7,+G*$3.08I$+78$86%*0+'.B$.:0$,6-F,+.0h/:2$
*4+:,-./$3,V8*$4+$>..V$,*$+7.:A7$+7.*8$+=.$60:3<>89$*:0B,68*$
=4>>$204/A$+78$,6-F,+.0$+.$,$*+.<$>./A$28B.08$8F8/+$]$6,/$6.38$
+.$<,**$Y+7,+$4*I$4+$>..V*$,*$+7.:A7$+78$!"#$%!&$=4>>$/8F80$08,67$
+78$#(.(/'()'*+%'3%44'*.$+78$2.32$=4>>$/8F80$28$,6-F,+89U?$

L$7,F8$./>1$./8$=.09$4/$08*<./*8$+.$+7,+?$

"KI$f"P@'&'N^$$Y=8>>I$"oI$3,128$+=.$=.09*U$

!:+$7.=$6,/$L$3,V8$*:67$,/$.:+0,A8.:*$*+,+838/+S$

]X?U$

! = .866c

event 1
(the nub end of detonator reaches 
outside edge of activator)

event 3
(the nub of detonator 
reaches bottom of well 
. . . assuming it could)

event 2
(the outside edge of well 
reaches the bomb)

x = 0



J78/$8F8/+$H$.66:0*I$+78$#(/#<8')-(!*'%!&',/9$+78$,012,*(-<8')-(!*'8"-),0%'433894,+8>1$
28A4/$+.$*>.=$+.=,09$08*+$=4+7$08*<86+$+.$./8$,/.+780?$$@7,+G*$,>>$E/8$,/9$=8>>$B.0$+7.*8$
+=.$*:0B,68*I$2:+$7.=$9.8*$+78$>8m;8/9$.B$+78$/:2$>.6,+89$C9D$:/4+*$B0.3$+78$2.32G*$B0./+$
8/9$V/.=$4+G*$*:<<.*89$+.$*+.<S$@7,+$4*I$=7,+$4*$+78$<71*46,>$3867,/4*3$+7,+$204/A*$+78$
/:2G*$8/9$+.$,$7,>+S$$

@7,+$3867,/4*3$4*$+78$6./*8l:8/68$.B$,$V4/9$.B$9.34/.$8R86+?$$#.>86:>8*$,+$+78$6.>>4*4./$
*:0B,68$*>.=$+780821$<:>>4/A$2,6V$./$+78$3.>86:>8*$/8[+$+.$+783?$$@7.*8$3.>86:>8*$*>.=$
<:>>4/A$2,6V$./$+78$3.>86:>8*$/8[+$+.$+783?$$L/$.+780$=.09*I$4+$4*$,*$+7.:A7$4/94F49:,>$
3.>86:>8*$,08$08*<./94/A$+.$,$*4A/,>$+7,+$<0.<,A,+8*$+70.:A7$+78$3,+804,>I$,$*4A/,>$=7.*8$
*<889$4*$A.F80/89$21$+78$8>,*-6$/,+:08$.B$+78$3.>86:>,0$2./94/A$.B$+78$*+0:6+:08?$$

]i?U$

! = .866c
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+74*$*:0B,68$6./-/:8*$+.$3.F8$B.0$,$=74>8$

!2d activator well depth
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event 1

event 2

event 3

a
c
t
i
v
a
t
o
r

w
e
l
l
's

f
r
o
n
t

d/2

w
e
l
l
's

b
o
t
t
o
m

Y,+$+74*$<.4/+$
+78$/:2;8/9$
6.38*$4/$
6./+,6+$=4+7$
+78$2.5.3$.B$
+78$=8>>$,*$+78$
*4A/,>$+.$*+.<$
7,*$/.+$18+$
,004F89Z4/$
.+780$=.09*I$
!""#^U$

Y,+$+74*$
<.4/+$+78$
2.32G*$
B0./+$8/9$
6.38*$4/$
6./+,6+$
=4+7$+78$
=8>>G*$B0./+$
8/9U$

Y/:2$8/+80*$=8>>U$

O.$>8+G*$,**:38$+74*$*4A/,>$4*$
834589$=78/$+78$6.>>4*4./$
.66:0*?$$M8+G*$,>*.$,**:38$+78$
*4A/,>$3.F8*$,+$+78$*<889$.B$
>4A7+$Y284/A$,$3867,/46,>$8R86+I$
+78$,6+:,>$C*4A/,>D$4*$/.=7808$
6>.*8$+.$+7,+$B,*+I$2:+$,**:38$4+$
4*U?$$%:n/A$,$>4A7+;>4/8$./$.:0$
*<,68;-38$94,A0,3$83,/,-/A$
B0.3$8F8/+$HI$=8$*88$+7,+$+78$
>4A7+$=4>>$,004F8$,+$+78$!"#$%!&'
Y+78$>8m$F80-6,>$>4/8$./$+78$
*<,68;-38$94,A0,3U$&c@N'$
8F8/+$]$.66:0*$Y4?8?I$,m80$+78$
!"#$%!&$*+04V8*$*+%'#(.(/'()'
*+%',012,*(-$3%44U?$$L/$.+780$
=.09*I$+78$!"#$%!&'=4>>$*8+$.R$
+78$2.32$!Nc"'N$+78$>4A7+$
28,3$*4A/,>$08,678*$4+$*4A/,>4/A$
+7,+$4+$4*$-38$+.$28A4/$*>.=4/A?$

&*$+78$,6+:,>$*4A/,>$3.F8*$
3:67I$3:67$*>.=80$+7,/$>4A7+I$
+74*$8R86+$4*$8F8/$3.08$
<0./.:/689$,/9$+78$!"#$%!&$
=4>>$<.*4-F8>1$*8+$.R$+78$2.32?$$

%:+$,$>45>8$94R808/+>1I$9:04/A$+78$-38$4+$+,V8*$+78$*4A/,>$+.$08,67$+78$8/9$.B$+78$/:2I$+78$/:2$=4>>$7,F8$
,<<,08/+>1$q'"JP$+.$+78$>8/A+7$.B$+78$=8>>$Y<>:*$*.38$4B$+78$2.32$9.8*/G+$A.$.RU$,/9$4+*$6./+,6+$
=4+7$+78$=8>>G*$2.5.3$=4>>$*8+$.R$+78$2.32?$$q0,<746,>>1$Y,>+804/A$+78$*V8+67$*.38$+.$,66.33.9,+8$
6.338/+,01UI$+74*$>..V*$>4V8\$

]j?U$

1.) event 2
Y2>:8$2.32$*+.<<89I$
/:2;8/9$*->>$3.F4/AU$

2.) event 2++

Y2>:8$<,0+$.B$/:2$*+.<<89I$
,l:,$<,0+$.B$/:2$*->>$3.F4/AU$

3.) event 2++++

Y2>:8$<,0+$.B$/:2$*+.<<89I$
,l:,$<,0+$.B$/:2$*->>$3.F4/AU$

4.) event 3
Y2>:8$<,0+$.B$/:2$*+.<<89I$
,l:,$<,0+$.B$/:2$*->>$3.F4/AU$

! = .866c

! = .866c

v = 0

v = 0

v = 0

! = .866c

BOOM

&*$L$*,49$28B.08I$$

&LPG@$@K&@$
f""M^^^$

a`?U$


