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Off the track notes of an engineer 
- Length and a rule - 

Masayoshi AOKI*
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N�L",O�P�K�QR�5?S 0T5�UV�

��$W�XY��/���%UV�Z�$�/��

��[�\]�\^��� 3_`�ab c#0M

dMeM�fg�5
R)�\���
hi
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�
li�'Z�$�����mn�6a rule, a measure:�
�o		�UV �%'Z�$pq'���\���\

]���/��rs�It��	�measure� c#0
M
�mn�'[����measure with a rule��u�
�measure���rule��vw�c#	xy��$�size�
z{�������|}'~�M
()3Im�)

'
�#����3�]�UV�����It��	c

#��sizing each other�
1#�	�'Z�$�lt
��sizable���o�]��|}�S.
Z�FJ�
���������a sizable money��Z",$��6/
����\� .���:�p����a metal 
measure����3
�a carpenter's square��~c��� 2
�. �"	#�$����a tape measure, a measuring 
tape��B�0����x�	#�$� 'c#0M�
¡�¢£
�curve template�3�curved rule��¤"¥
S�
¦%q�¡�§¨© Z.ª�#$�a slide rule�
[«�'�a rule������~�Mw�`¬ Z.
hP#$

�	�
�������

� ®8¯86meter:°±²³q�6measure: q´
'
µq'6metre:�¶�W��Z.
WM·¸¹
ºq�»¼'Z�$[½����¾¿[m]�vw�~�M

¦%q'®8¯8�®8ÀÁ� 2;���w Z.

[½��"Â0®8¯8 c#0M�$Ã?ÄÅ¥\

ÆÇ\Èº\¯É²8Ê'X�~�M�$6-meter:�Ë
t§Ì���	Í[�|}��¾q�ÎÏ��$¦%q

'Í®8¯8�ÐÑË'�/M
�®8��ÒÉÓ¹À

�ÔÕ	Ö×�M� 
pq'�-me���Ø�Ù×
�ÒÉÓ¹À Z�Ú�Û|��ÜÝ Z�$ÅÞ[6a
voltmeter:
Åß[6an ammeter:
jà[6a speedometer:

áà[\�á[6a thermometer:
¥Þ[6a barometer:
Ê Z�6%â'ãä ÒÉÓ¹À�å�:$¥Þ[�

æç®8¯8ÐÑË'�/M��z{�èé����

|}'c#0M�$6-meter: Ô#	#	�êëì56a
parameter:3�í6a diameter:[½'S#$¦%q
'
ÒÁî8Á�ïðñò,rs�
�®8ÀÁ ó 

���1Yxy Z�$
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� mn��fgm��ôZ		���[^��rs
�

%��õö�÷�fgm�zw�ø�s�ù
úw

�ø�¿û�fü�,õö�ýþ$W���
���

�Eõö� 10�� 1�à�'�õ^'ýþ$���^¢
�c#0M��°º6pq' caliper:'��6vernier:
�X"	
�Eõö�ã���à'ý	�u��	#�$
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Ã?ÄQz���� 10620:Ê��,
�� 9619:Ê
��,���c#
�;�õö �äó��¿û�c

#�$WM(�õ 
2 ;��ä z�äó��A'
#�W��è¢���'Z�W���c���ì��S

��ð'Z�$�°º�Ë� P. Nonius6�ÁÀÈÁ(:
�Ë�����$���q'y�'� Nonius�Ë� 

c#0M

(1)

pq'� 18 ���' Nonius �Ë� c

#0M	#,$¦%����C�'�L�M,,	


�°º�Ë� ~�M	#���^�M�$

� 5 cm �ã� ��[^�!"�c#,#�Éç®
8¯86micrometer caliper: c#0M
fgm�$þ
W��X.
10-6[m]6=#�Éç®8¯8:�[^ %
&'Z�$�'(8)8�*+��c�, ð[ ,

-��c#0M	#�$./cõö��E 1mm  z
{�'Z�$08�12Ò��	
WM�'�34�M

	#�²±î¹��mn���Eõö 0.31nm
61nm=10-9m:'Z�$ó/05��6¸78��XY
S9:��5?�9�;<¹���=�' 0.2nm���
�>n ?-@ABsCDE'FÖ�M,

(2)
$

��� � �

� GH[6distance meter:��	c#0M�Ix�S÷
J��	
9:^]6triangulation:�KLR)6time of 
flight: Z�$^GM9:^]�÷J��c�
9:
��N¢OP��:$Q�X.
$Q��ä��
d�

vø/0fgm�5�:à�c#�$�ä �#@BR

GH�[^ %&'Z.
STUV'�ä� 15m'
45km �'�[^ %&'Z",$(¹W²³8¯8X
®¸��
W�÷J��Y��kZz[\�GH[ c

#0M	#,$

� KLr'-]�	#�^¸_¸Ò¹`a(898

6radar: radio detection and ranging:c'Z�$(898
'b�Öc�
fgm�/0�dc�ef�
d�g

h�i��KLR)6time of flight:�ê��jà/0G
H���$ê���	Åb
j
×b c#0M�$
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#?�PO>Q�R9S:�MTU��?���

V ()=��
���� GPS�global positioning systemV
WXY�(Z[\]��$^_�`ab����cd

ef�(g��
�?���hi�()=��
���

�$jkF�lmn�^_�XopXb����cd

ef�(g��
�?���

��������	
�������

V qTrs�?��tuv(w�SI: Systeme International 
d'Unite's  -kF[x��yz�p{v(�m�|9
�metre$v(}~ m��$�x�[�9�=��m�/
�"���L������}�m�|9"��3�m�

/�>�����r
z�?���1m�|9�yz�$
������������m�|9�������f�

"#?%�z���P�����-kF[���t��

����Archives des Republique ��Republique����
e� .GF\�¡¢����z�?���£$¤ 9Z
�¥��¦">§¨�?���¤archives¦��x��
¤archive¦�$����� �SR¥"�}z���©
�ª�� 90%$R,«¬] 10%�K��MQ�� X®
¯�°������$���±²��³"³�f�f�

�³p´�"#?%�z���P�µ¶� 1m� 0.2·m$
0.2¸10-6¹¶�Lº��£$�»���A¼½� 1¾f
�299 792 458¿�1�ef���ÀÁN¹�yz�)0
ÂÃ���

(4)
�

�����

V 1 m�|9�yz�Ä�Å�L�Æf�Ç0z"ÈD
3ÉÊ�Ëº?ÌQ$Í�jÎÏ�l,ÐF|Ñt�Ò

Ó#?��¤>�z#¦�ÔÕ�C�>�"#?Ö¨�

���T×b�Ø�LÙ�"$R¡,[�Ú�Û�

0.9144m�ÜÝ 3Þ�L��-kF[�|ß�à� 1.95m
�ÜÝ 1f$P��áâ³���2u�rs��fã�ä
åæÌ��yz�L��yz�v(�Æf�çè�Ç0

z�péT>��ê��ëìl,ÐF|��¤íî¦�

yz�ï¢�ðÎ|�ñ 480mm�$©� 2 ò�ó¥9ï
¢�ðÎ|�Ú�Û�ñ 910mm��p�3º?���ô

�yz�-�|�foot$^_� feet�$õ�ö�Þ�[Ï
F$÷ø�ö�ù�L��ø�ö�¬R[ï��úk[

�ûüe�$one finger$two fingers�ý�
�����
Æf� 1 þ�����²�� DNA �yz���y�ñ
2m �L���Ä�Æf����}	�
á���T×
b���P""���������Ró��« ��

� 152cm"�O}	�LQ$©�J���$�����
Q���©O�L���Qö�����R.�Ï¬Ð9

� 8m95cm "�O$9m �L"�#��T}	�L��
�Q������ðÐ9��|Í�9� 2m45cm"�O
}	�LQ$� !"�#$���o��©O�L��

%&'(��kF)*��+�Fà�,-%Ù�

23m12cm �}	�	#?���,-�.z� 16 /FÛ
�7.260kg��L��0%Ù��ÚF�1�à���
98m48cm �}	�	#?���0�.z� 800g " 1kg
�C��23�4ä�
��'("#?�E95R�¥

¥S�6���� 6m14cm�}	�	#?���P��
z� 27�#$��z�g8���
V 9:�Ä�;Q�rO23�$Ä�Å� 10¿� 1<ª
�Ç0z�ê��

��������� �

�

V XY�Ç0z�����%#���¡,Z=�Ðk|

[\>["?s�?���¤XY�@0A¦�BNCDZ

,�à�/R|9�L��$E�FG�XH�I��£

�@�?$@_�M����p{"#��XY�áâ³

�yz��%�$1 m�|9�yz�J%���£�$
-kF[KL�²º�M½$Ï,NOOPQ�=R�2

N#�

(5)
�Ï,NOOPQ�L�Oä�mZSF"Û

T�kF¥9� 2Æ�$Ï,�U�áâ³o�V�óF
�9.$W�+9Ej+²�XY���Nº��XY�

����£��$	Z�Mä[Tb�1\	Z���]

�^?�_`�LQ$KLA�M½��£P��[ÏR

Na"fbÃ��$2 Æ�c;>d²��£�3º��
P� 2×�Ø�$�®UQ¤ô�e�M��º��¦f¯
�L��XY�áâ³�yz� 40000km"gh3_®�
3º?����$p{���P�MO�%�z�?��

�£�L��XY�ij R �$k�áâ³�yzb�
40000/2l[km]"mv�n£��$�b�_®�oÃ�_
`�3��
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V ��pz� 3¸108[m/s]�$áâ³�yz 40000km�=4
¸107[m]��
�?$1 ¾f�XY� 7 qQi"rs�
�?s���9:�t� 1ef 4km�@T"$ñ 27u
5 vw�XY��q��=x�3���k�F�;<�
42.195[km]�LQ$�k�F�«y¡Fú�z{��N
OÆ�$���D�XY�_;²s��ØÃ¨ 2004u�
92 |� 27 ;}��{[,�)���~���#�
�
�$2001u��;<�XY 3����#�(6)

�

V ������2���#��� 600 �$2400km �L
��_ 1000kmb�_ 10� km�;<�9:�����
�Ä!�ç�)�/"×3�Q����Æf����$

��$���$�����W?�×3�Ks��"$©

�yz�ñ 10�ïjm�|9�$XY��qQi��y
z"3�

(7)
��D����yz�$�������?×

3�Ls��"$50�ïjm�|9"WÄ���� 5ò
Ü�"3��DNA�yz��º?�$1þ�����²
�� DNA���y� 2m�$1Æ�W?����60�þ�
� 1{��Ù�" 2¸1012[m]"$ ¡w 2q¢o�yz
"3�

(8)
�����;<=� 100 � km � 0 �,EÎ|

z���/.Z��ufÔÕ�ñ 11� km �N#$�N
;< 45 � km ²�r
���/.Z��£¤õ�uf
10� km¢o�N#¥¦§�¥b4�L�¨¨©£¤õ
"3��XYo��{�ª«"3�W m,S²��;

<�$áâ³�yz�i¿�ñ 2 � km �L��¬b
��Ã�®��¯°�"?s�����y±�$�C�

�����y 8851.8km�ñ 1.5���"XY�ijMQ
y�

(9)
�²³�y�´�+R9´�$6695km"�O)�

/�LQ$P��XY�ij�C��µ���{¶·�

{¸¹�ñ 1300km �LQ$ G¡�ók"�Oº�»
Q�;<� 1600km"{¸¹�HÃ?��(10)

�

���� !"�� #�

V ñ 400u<� 1609u�$n,�l¼n,�R����
½[¾��£?¬�¿�#��P��}À#?tuÁ

K$Â>[*$tuÃ�OÁK� 2009 u�²³Ã�u
�The International Year of Astronomy�"%£�(11)

�¬

�%���¶ 100km ¢o"ÄÅ-ÆÇ�;<�CTÈÉ
�Ê��ÆË`a�ÊÌ2�Low Earth Orbit���¶ñ
300kmÍ1500km$[��[Z=|9�ÎÏ�¶�ñ
240km�ÐF)+�V Endeavour �� 220km�$[��[
Z=|9�MQ�ª�ÐÑ�Ns���Î¥9½[¾�

�¶� 600km$�Ò`a�geostationary satellite���¶

�ñ 36000km�L��
V X�b��oÓAÔ��?�T"$�{���Õ�L

�ÖP×��z� 3772m$Ø,ð �¬Â�Ù��Salar 
De Uyuni��Ú� 3700m"ÖP×"Ü"å��î�¶�
L�� -,S�ï,�F«=j�KirimanjaroV [ßÛ
,x�¤ÜT×¦$×Ý�L�Þß�àZ���� 5895m$
²³��Õ�~yákF��ChomolangmaâChomo 
Langma���z� 8844.43m �(12)

$Xã£��äå"#

?�XY�æ�L��P��z�$�j 1m �Ç0z�
XYç�>V 0.7mm�#b3�3��
V P�è�×��z"#?�$�ßR��¬+�� �

4205m$WéÇê�ë*F�F��ÎZ�¥� 4897m�
L��ì�í2�î���$ÖP×ïð�y;<}	"

#?�$2001u��ñ×òóôõö÷b� 322.9km�;
<��??�ïð�}	z�?��

(13)
�

V «SÎ|BøB�ÎÏ�¶�ñ 10000m "$Iùú

�stratosphere�"&Òú�troposphere��û³üC�L
��ýÉ³þ����"#?$��n[�������

��3º?��l�Fù�ozone layer�� 20Í30km�L
��Ç�Ó��z�É#?�$�Ç������ 200m
MQ��Ç"%�z�?����, +Ç	�~=�F

«=�Ç
�ñ 10920m����T$1� m�HÃ?�
��

$%�
&'()�

V 40u<� 1969u 7w 20�� /j 11~� �][
|jFú$l9Û,F� 2Æ�¬�NP�w���Q
^º���Á� /j=R� TV ½z�¤roger: �¦
����rs����eU�V �×V ����$��¥

³
x�$����T"¥³"�ÉÊ�3�È��y3

��È��������³�off the track��PP²�"
#$XY"w�;<ÉÊ����XY"w�;<�ñ 38
� km �$��M�U���2ñ 1.3 ¾bb�� /
j=R�2�#�w�� ��$w�� B�XYb�

�!"�#�ef�Ç0T$%�3�£$�&�N�N

º�� ¡b�XY'���Tef�ñ 8¿�L��(
a²��;<�ñ 6000� km�$j�Î|�
��)*
�� 3u�`���
V Ç03_�Ã�O�_®"?s�$�_�mantissaV a�$
ø_�exponentV p�$p_�radixV r��
�? arp �+
,��z�$P��}-�NO��}�scientific notation�$
.�/_0�}�floating point notation�"§1�2��
/z�_3����>P��}-�4
z���2��

/z�_�É���5�×�?�%b��3��Ã�O
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�;<"#?����uf�ÀÁ;<�c¸60¸60¸24
¸365V c63¸108m/s: �p�"#?�u�
�����
 ¡¢É��>C�7a�8jïZ���F/¬,

(Proxima Centauri) ²��;<� 4.2�u�L���{x
�¤�¨��9�¦��<�Ë×8� )[a:²��;

<� 410�u�L��

$$�*�+�,�

V °;³������yz� 25m$�<I� 16 ��W
!�yz� 400m "3��êo'(J�Ú´�3|kÎ
.�q� 400m �L�������~=>�?äË×�
�¥9�ßRÚ���>[�wire harness, cable harness�
���y 2km �d���×õ³�q� 34.5km �L��
Æ��NB��{}	��{ÇO�M� 50km�2005 u
8w 6���(14)

$×õ³�qi�L��²³}	� 1988
u� m,S�MIT�dI#� 116.6km"$�{}	�
ò¢o�L��

V ¯°���z��$@ÃA�'B�L��¢�Í�.

�ÐFÏR �[\�|ð9� 381m �$�C�/¯�
NB�D�#?���íE�kFÛ��./ß�� 296m$
ZS8�Z �à/ß�� 442m$�F�>��"z�
?����$GH�GV 101� 508m��F¯I½� 2009
u�JIK%�¤¥9«¢�Û+R¦� 800m ¢o"?
s�?���WLM>àÐk�L�ÐF«S9-N�9

�Salt Angel��²³�Ç�OP 978m�Q��V
V Xo TV �)«/9R�SÃ?#²O£L�$T��
3�U UHF TV F\+�ö� +jú TV���y
�i¿�ñ 1.5m �L��q�_� 100MHz "�%��
¨$�y� 3m �L��`aV>�?���ÏkØk 
F\+�satellite dish, palabolic satellite antenna��
��
���ÏkØk�parabolla��V�³�È�#$ F\
+��+���#?���V��¾�Parabolic mirror�
��W�ÔN�X5#��³��0�Y0��Z£��

[�\
#?���q�_� 12GHz"�%��¨$�y
� 2.5cm"3Q$��]^#��[�Ë×MO�3��
£$Ì_�+��#�ÏkØk F\+�
�����

`�Ç0z�$A a$B a">��×�b�yz�r�
1"�2V� 2×�cº�yA+���yA+"g^"3�
�d�r 1:1.6"��3���A4�`�e�b�yz�f
¶ 21cm �L��²³�`�Ç0z�Ú´� A a�$B
a>rº?��t��_g�L��yz 10cm �}h"
#?ÄC�L�>��$G���bä�^A!��iÏ

Î��«��b�L��1kg�j�!k� 1l�,Î|9�
�$�b� 10cm�^A!�!k�L��

$-�./�012�

V m�n� z�����'B"#?$oB�m�narrow
escape�$fm�X�p:�
�����ª �yz� 
z�b�ef�)0ÂÃ?
���?��������

¤fm�X�p¦��T" in next breath, in two shakes, as 
quick as lightning, as quick as a wink, as quick as a flash:�
�×b��$¤m¦�rs�3�MO�L��©�m�n

� z� 100·m�0.1mm=10-4m�¹¶�L��qr)*
[.���¢ 9�m�n� z�/+*�s�tá�

Ç0zMQ>uÎÛ¡=Î8�Ç0z�/z�¦�v#

�Rk[|���}w�L��ì�í2�î��� JAS
-o�x]� z�M�%��$¤O�å 1.7mm ¢o¦
¤��y$©O£å 1.7mmz{��M#B|}¢É�õ
��£å��L�

(15)
��NB����~���z�

0.1mm �$r
��~���� B747 ¯B�ñ 600l=Û
k]� 3{$���ª�.��ñ 200kg�L�(16)

�*F

/.|�Fà��z� 0.07mm$�£�"
 IC~Î8�
�/ 0.05mm �2�z�?���`��z�*�|`�
�>��>�� 0.06mm�=60·m�$���
����R
F)* F`��>��>��ñ 0.02mm�=20·m��
L�

(17)
��������Ë×"?s�?�����z 1

�¿� 1mm�10-5mm=10-8m�" 10·m�²��T3��
�� 1�;�TP"�MQP��z�6���(18)�
V [�Ï�RF.«SÎ|8,F/� 1000DPM�dot per 
millimeter�"³� z��z�� 1·m�L���C�
û���ûp´�Iä�A����	#�$¼r½��

��[�L��/tá��[¤PM2.5¦�$¼r½��
O�j 2.5·m¢Ó�tá��[�PM: Particle matter��
�5�LQ$����$����ËJ3��s$���

�h3���n[$Çr½�RO4��M�����:

�L�

(19)
�

V 1·m� 1000¿� 1� nm�+�m�/�V 100�¿�
1mm��$S�ØF+�~¢�¥����ùMä��>
�����j� 0.7nm�L�(20)

��á�Ç0z�ÔÕ#

?ñ 0.1Í0.2nm�L��°¯RF-9ÐF��²³�Ò
N���"3º?��¬*9[�virus��_ 10Í_
100nm$���+.\, V bacteria��/z�A�ñ 1
·m�1000nm�"�s�?���i�!�¿���]�
 �-��?s�$�á�Zk¶�ø_É_��þ�#

?���P����i�!��á��I��JK�³ö

�8jE[�9�9�� 100nm� �¡Q$�F� 40nm
�L�$2013 u�� DRAM �Ìä��/8jE[�9
�9"#? 32nm�¢%z�?���2006u��$L IBM



�����

�i�!Dè�;£ö²³�/� 29.9nm �H���Ë
(¤¥��I¦"��#�

(21)
�

V %§��$�y 360Í830nm �¨©�q��?O�
ª�membrane��«f����y�CéT"��"ª�
�45#��"�¬��0��Z=ØF®��ª��

z�_ 100nm�3�"¯�×0$j��.båMn�,
F�ª�¯éT��P��'�ÄC3Ø�L�(22)�Ô
�3nk[�o�°�Fà�°�è¿�Ó�#?)��

"0�½±b��±²������¬³��¢�|F

,Fú"�O��Fà��Dè45´Òª�*�\*F

ú�����3ª��%��¬=�
�����Aµ

�¶¯��·>ù����ª�M���¬�äå�L

��H�ª"#?�$�z 35nm� 4cm¸A�ª��I
�ÑRO¹º��I¦#?��

(23)
�

$3�45�6�

V yz�r»p´��$Ä�Å"�ÉÊ����9:�

Ä�;Q�L����3��½b�$¼_�ÛF|��

×ä	�P">½����(¤�À@�+��²³�2


'"��?���+��¾¿�$9:��D�3Ào

�ä�×0�T��>L��$�Ñ�3�P#����

�"PÁ²�À@#?���

789:

(1)� ÂÃ�g©V Ä��fV ÅÆÇ
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