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47 JÀôG-ÁÝGÅ-Dz-47 JÀôG-ÁÝGÅ-Dz-47 JÀôG-ÁÝGÅ-Dz-47 JÀôG-ÁÝGÅ-Dz-47 JÀôG-ÁÝGÅ-Dz-
 ¾ïm-HÛ-½ÀzÅü ¾ïm-HÛ-½ÀzÅü ¾ïm-HÛ-½ÀzÅü ¾ïm-HÛ-½ÀzÅü ¾ïm-HÛ-½ÀzÅü

JÀôG-ÁÝGÅ-Dz-¾ïm-HÛ-½ÀzÅ-mÛ-hï-hG-GÛ-½ÀzÅ- Û̂-¼ÛP-fÞP-GŸÛ¼-z Þ̧P-Çkï-±m-hÝ-h‚ïü

JÀôG-ÁÝGÅ-Dz-¾ïm-HÛ-ºôh- ï̧¼-mÛ-JÀôG-hP-Dz-JÀôG-ÁÝGÅ-Dz-¾ïm-HÛ-ºôh- ï̧¼-mÛ-JÀôG-hP-Dz-JÀôG-ÁÝGÅ-Dz-¾ïm-HÛ-ºôh- ï̧¼-mÛ-JÀôG-hP-Dz-JÀôG-ÁÝGÅ-Dz-¾ïm-HÛ-ºôh- ï̧¼-mÛ-JÀôG-hP-Dz-JÀôG-ÁÝGÅ-Dz-¾ïm-HÛ-ºôh- ï̧¼-mÛ-JÀôG-hP-Dz-
¾ïm-lôºÛ-¼-z-h=ôG-Aïm-‚ãP-z-ŸÛG-¾- ï̧¼ü¾ïm-lôºÛ-¼-z-h=ôG-Aïm-‚ãP-z-ŸÛG-¾- ï̧¼ü¾ïm-lôºÛ-¼-z-h=ôG-Aïm-‚ãP-z-ŸÛG-¾- ï̧¼ü¾ïm-lôºÛ-¼-z-h=ôG-Aïm-‚ãP-z-ŸÛG-¾- ï̧¼ü¾ïm-lôºÛ-¼-z-h=ôG-Aïm-‚ãP-z-ŸÛG-¾- ï̧¼ü

lÝ¾-ym-m¤-¤ô-lÝ¾-mP-GÛ-mÝÅ-ÁÝGÅ-Hã¼-z-
¾-zdïm-mÅ-JÀôG-ÁÝGÅ-Dz-¾ïm-HÛ-½ÀzÅ-
n¤Å-ºIâz-ÆÛhü hï-hG-mÛ-JÀôG-hP-Dz-
¾ïm-lôºÛ-¼-z-h=ôG-Aïm-‚ãP-z-ŸÛG-»Ûmü hï-
hG-ºyïh-zTh-½ÀzÅ-zŸÛm-G»ô-ºGÝ¾-‚ïh-
Û̂-»ôhü

JÀôG-ÁÝGÅ-Dz-¾ïm-HÛ-½ÀzÅ- Û̂-½ÀzÅ-¼ÛP-
fÞP-¾-zdïm-mÅ-hï-hG-GÛ-uôh-±ß¾-dôGÅ-
fÞzü hï¼-zdïm-JÀôG-ÁÝGÅ-Dz-¾ïm-HÛ-½ÀzÅ-
hï-hG-GÛ-½ÀzÅ-¼ÛP-fÞP-GŸÛ¼-zŸG-Çkï-±m-
hÝ-h‚ï-Mã-mÛ-È-TP-zïh-¿km-ŸÛG-»Ûmü

hqï-¼ÛÅ- 46.1 Û̂-Çkï-±m-hï-hG-Çkôm-»ôhü Çkï-
±m-hÝ-h‚ï-zºÛ-fzÅ-¾¤-hï-¾-JÀôG-ÁÝGÅ-JÀôG-ÁÝGÅ-JÀôG-ÁÝGÅ-JÀôG-ÁÝGÅ-JÀôG-ÁÝGÅ-
Dz-¾ïm-HÛ-ºWº-¤hPÅ-Dz-¾ïm-HÛ-ºWº-¤hPÅ-Dz-¾ïm-HÛ-ºWº-¤hPÅ-Dz-¾ïm-HÛ-ºWº-¤hPÅ-Dz-¾ïm-HÛ-ºWº-¤hPÅ-(electromag-

netic spectrum) ŸïÅ- ï̧¼ü hPôÅ-qô-‚ï-
ƒG-q-ŸÛG-¾-JÀôG-ÁÝGÅ-Dz-¾ïm-HÛ-½ÀzÅ- Û̂-
½ÀzÅ-¼ÛP-fÞP-‚ï-ƒG-q-ŸÛG-¾-dG-bà-½ÀzÅ-
ˆÛ-ºwï¾-ºIÛz-GTÛG-¤±ßPÅ-»ôhü JÀôG-
ÁÝGÅ-Dz-¾ïm-HÛ-½ÀzÅ-GP-ŸÛG-¾-½ÀzÅ-
fÞP-PÞ-»ôh-±ï-hï-hG-¾-½ÀzÅ- Û̂-ºwï¾-ºIÛz-
¤fô-qô-»ôhü »P-GP-ŸÛG-¾-½ÀzÅ-¼ÛP-qô-
»ôh-±ï-hï-hG-GÛ-½ÀzÅ- Û̂-ºwï¾-ºIÛz-h¤º-
zô-»ôhü

JÀôG-ÁÝGÅ-Dz-¾ïm-HÛ-½ÀzÅ-mÛ-mÝÅ-ÁÝGÅ- Û̂-
Pô-zô-ŸÛG-»Ûmü hï-hG-hPôÅ-qô-ŸÛG-¾-Mãh-
qºÛ-±ï-hï-hG-¾-»ôh-qºÛ-mÝÅ-ÁÝGÅ- Û̂-V-ÁÅ-
ŸÛG-hPôÅ-qô-hï¼-ºfÛ¤-HÛ-»ôhü hï¼-zdïm-
hPôÅ-q-hïºÛ-¼P-GÛ-mP-PôÅ- Û̂-mÝÅ-ÁÝGÅ-
ºwï¾-HÛ-»ôhü JÀôG-ÁÝGÅ-Dz-¾ïm-HÛ-ºôh-¸ï¼-
HÛ-½ÀzÅ-WÛ-®¤-fÞP-q-»ôh-q-hïºÛ-±ôh- Û̂-hï-
hG-GÛ-mÝÅ-ÁÝGÅ-¤P-z-ºiïm-HÛ-»ôhü
JÀôG-ÁÝGÅ-Dz-¾ïm-HÛ-½ÀzÅ-»ôPÅ-µôGÅ-½ÀâP-
¤ïh-z¼-ÇoP-hÝ-¤HôGÅ-±h-GTÛG-¤±ßPÅ-
ˆÛ-ºIâ¾-zŸÝh-‚ïh-ˆÛ-»ôhü ¤HôGÅ-±h-ºhÛ-
mÛ-Ç+¼-VG-GTÛG-mP-¤Û-‡¼-hÝP-xã¼-GÅÞ¤-
(300 000 000 m/s) ®¤-»Ûmü

106 to 10-3

½ÀâP-ºyÛm-HÛ-½ÀzÅü

½ÀzÅ-¼ÛP-fÞP-¤Û-‡¼-mP.ü

10-3 to 10-6

ºôh-¤hPÅ-h¤¼-
qôºÛ-XïÅ- Û̂-ºôhü

¤fôP-fÞz-qºÛ-ºôhü

10-6 to 10-9

¤ÛG-GÛ- Û̧m-¤Û-fÞz-qºÛ-
¤hPÅ-y-¤ôü

10-9 to 10-12

f¾-ºzÛzÅ-ºôh- ï̧¼ü

10-12 and less
f¾-ºzÛzÅ-ºôh- ï̧¼-

fÞP-ÁôÅü

ºƒï¾-¾¤-DGü  ½ÀâP-ºyÛmü z½‰m-
ºyÛmü D-q¼-¤fÞh-¾¤ü ¼ï-‡¼ü
fz-¾Åü Gm¤-¼ÛGü

º‚ãP-DÞPÅü
JÀôG-¾¤-HÛÅ-JÀôG-lÝ¾-ºh¼-h=âG-
‚ïh-qü ½ÀâP-ºyÛm-hP-z½‰m-ºyÛm-
MP-ÆÛP-»ô-VÅü  Pulsars hP-
quasars ÅôGÅ-ˆÛ-hzÞÅ-qºÛ-Ç+¼-
¤-hP-hGÝ-±ÛGÅ-n¤Åü

hPôÅ-qô-iôh-Vïmü ZÛ-¤-¿e-zÞü

ZÛ-¤ü È-TP-±-iôh-Tm-HÛ-hPôÅ-qô-ü

ZÛ-¤ü hPÞ¾-VßºÛ-½ÀPÅ-qºÛ-ŸÝm-¤¼ü
»P-ºƒÛü

f¾-ºzÛzÅ-ºôh-¸ï¼-HÛ-Ç~äGÅ-Gü Ç+¼-
¤ü   ¤ô-lÝ¾-HÛ-mÝÅ-ÁÝGÅ-Hã¼-zü

ºyô-ºôh-ˆÛ-mÝÅ-q-¿km-qºÛ-hPôÅ-qôü
lÝ¾-ym-HÛ-Ç‰ÛP-qôºÛ-¢ô¼-zü

¯h-ŸÛz-¤Dmü
½ÀâP-ºyÛm-HÛ-zl-Çeôm-»ô-VÅü

JÀôG-GÛ-¯h-ŸÛz-»ô-±Åü qGÅ-qü
h¤ÛGÅ-zÅ¾-wïP-ÁôGü

¤ÛGü JÀôG-GÛ-¯h-ŸÛz-»ô-VÅü hq¼-HÛ-
wïP-ÁôGü

µÅ- Û̂-xï-G Þ̧GÅ-ºyô-ºôhü hq¼-HÛ-
wïP-ÁôGü qGÅ-q-¤Zïh-Mã¼ü JÀôG-GÛ-
¯h-ŸÛz »ô-VÅü

hq¼-HÛ-wïP-ÁôGü µÅ-ˆÛ-xï-G¸ÞGÅ-
ºyô-ºôhü HïÅ-lÝ¾-HÛ-Hã¼-zü  JÀôG-GÛ-
¯h-ŸÛz-»ô-VÅü

Geiger-Muller Ç~äGÅ-Gü
hq¼-HÛ-wïP-ÁôGü JÀôG-GÛ-¯h-ŸÛz-»ô-
VÅü

zïh-uôhü

iôh-zBïh-Mã¼ü Gm¤-¼ÛGü
thermography  iôh-ˆÛ-hq¼-
¾ïm-Mã¼ü

z¿e-Mã¼ü hq¼ü  GmÅ-±ß¾-MP-
ÆÛP-Vïhü  ºôh-ºWâ-zÆï-¢ô¼ü Gm¤-
¼ÛGü
xï-G¸ÞGÅ-ºyô-ºôh-ˆÛ- ŸÝm-¤¼ü Åï¼-
D-¯h-ºôh-ŸÛzü zhï-ÆâP-GÛ-dGÅü
¸Å-mP-ºzÞ-ÆÛm-ÇSôm-ºGôGü Gm¤-
¼ÛGü

JÀôG-hq¼ü Gm¤-¼ÛGü  lô-Áï¾-HÛ-
h‚ÛzÅ-G¸ÞGÅ-dôGÅ-Vïhü
Cm-mh-zTôÅ-fzÅü

JÀôG-hq¼ü Cm-mh-zTôÅ-fzÅü
¤fÞG-±h-¤W¾-Vïhü
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½ÀâP-ºyÛm-HÛ-½ÀzÅ-n¤Å-¾-½ÀzÅ-¼ÛP-qô-»ôhü
JÀôG-ÁÝGÅ-Dz-¾ïm-HÛ-½ÀzÅ-GP-ŸÛG-GÛ-
½ÀzÅ- Û̂-¼ÛP-fÞP- 1mm »Å-¤Å-»Ûm-q-
hG-¾-½ÀâP-ºyÛm-HÛ-½ÀzÅ-(radio waves)

ŸïÅ-¸ï¼ü ÁÛm-bà-½ÀzÅ-fÞP-zºÛ-½ÀâP-ºyÛm-
n¤Å-¾-O-½ÀzÅ-y-¤ô- (microwaves)

¸ï¼ü½ÀâP-ºyÛm-HÛ-½ÀzÅ-hG-mÛ-Ç+¼-¤-hP-hGÝ-
±ÛGÅ-ˆÛ-ºIâz-ˆÛ-»ôhü JÀôG-¾¤-HÛ-¤ô-lÝ¾-
ºh¼-h=âG-‚ïh-qÅ-ˆP-hï-hG-zCæm-HÛ-
»ôhü

Fig. 46.2- Fig. 46.2- Fig. 46.2- Fig. 46.2- Fig. 46.2-  hqï-¼ÛÅ- 46.2ü  z½‰m-ºyÛm-HÛ-zTôÅ-Ç+¼-
hï-hG-GÛ-Å-GŸÛºÛ-PôÅ-mÅ-¤fô-±h-;Û-¾ô-¤Û-‡¼- 36000 ®¤-
HÛ-GmÅ-zdm-qô-ŸÛG-mÅ-z½‰m-ºyÛm-HÛ-G¸ÞGÅ-z½‰m-n¤Å-
º²¤-JÀÛP-Å¼-MP-zÆÛP-‚ïh-ˆÛ-»ôhü G¸ÞGÅ-z½‰m-hG-fôG-
¤¼-zTôÅ-Ç+¼-xôGÅ-ÅÞ-GbôP-hGôÅ-ˆÛ-»ôhü hï-mÛ-m¤-¤D¼-
z¼-¤fÞh-GÅô-¾ïm-‚ïh-»Þ¾-ŸÛG-»Ûmü ZÛ-ºôh-º²Ûm-¤Dm-HÛ-
¿UGÅ-¾ïz-È-TP-Vïm-qô-hG-GÛ-mÝÅ-ÁÝGÅ-¤Dô-vôh-‚ïh-ˆÛ-»ôh-
q-hP-hï-hG-mÛ-¯ïh-fP-GÛ-GŸïP-xïh-®¤-HÛ-±h-GŸÛ-»ôhü
mÝÅ-ÁÝGÅ-¤Dô-vôh-hP-ü Z¼-GÅôG-hï-zŸÛm-GbôP-¾ïm-‚ïh-
¤Dm-mÛ-JÀôG-ÁÝGÅ-Dz-¾ïm-HÛ-ºôh-¸ï¼-n¤Å-»Ûmü

P-±ôÅ-½ÀâP-ºyÛm-HÛ-½ÀzÅ-n¤Å-ºƒï¾-¾¤-
Vïh-zïh-uôh-‚ïh-ˆÛ-»ôhü IôP-Eï¼-GZÛÅ-ˆÛ-
z¼-HÛ-D-q¼-¤fÞh-¾¤-Vïh-O-½ÀzÅ-y-¤ô-
zïh-uôh-‚ïh- Û̂-»ôhü zTôÅ-Ç+¼-n¤Å-¾-
ºƒï¾-¾¤-Vïh-hÝ-»P-O-½ÀzÅ-y-¤ô-n¤Å-
zïh-uôh-ˆÛ-»ôhü O-½ÀzÅ-y-¤ô-n¤Å-fz-
¾Å-¾ºP-zïh-uôh-»ôhü O-½ÀzÅ-y-¤ôºÛ-fz-
(microwave oven) ŸÛG-GÛ-JÀôG-ÁÝGÅ-
Dz-¾ïm-HÛ-½ÀzÅ-GP-ŸÛG-GÛ-½ÀzÅ- Û̂-¼ÛP-
fÞP- 12cm »Ûm-q-ŸÛG-zCæm-HÛ-»ôhü
½ÀzÅ-hï-hG-GÛ-D-¸Å-GP-»Ûm-hï-¾-mÝÅ-
ÁÝGÅ-ºwô-zNå¼-‚ïh-ˆÛ-»ôhü O-½ÀzÅ-y-¤ô-
n¤Å-ºƒâ-¤²ôh-mP-ºzÞ-ÆÛm-y-¤ô-n¤Å-
GÅôh-Vïh-ˆP-zïh-uôh-‚ïh- Û̂-»ôhü ½ÀzÅ-
hï-hG-D-¸Å- Û̂-±-iôh-¤Û-Çtï¾-z¼-hïºÛ-mP-GÛ-
ºzÞ-ÆÛm-y-¤ô-n¤Å-GÅôh-Vïh-ˆP-zïh-uôh-
‚ïh- Û̂-»ôhü hï-»P-D-¸Å- Û̂-±-iôh-È-TP-
Çtï¾-z-m-hïºÛ-¼ô-zTßh-Z¤Å-ˆÛ-»ôhü m the

¼-‡¼-(radar)Vïh-hÝ-zïh-uôh-‚ïh-qºÛ-
½ÀzÅ- Û̂-¼ÛP-fÞP-mÛ-JÀôG-ÁÝGÅ-Dz-¾ïm-HÛ-
ºWº-¤hPÅ-mP-GÛ-O-½ÀzÅ-y-¤ô-mÅ-ÁÛm-
bà-ºwï¾-ºIÛz-¤fô-zºÛ-½ÀâP-ºyÛm-HÛ-½ÀzÅ-
z¼-»Ûmü ½ÀzÅ- Û̂-zl- (short pulse)

fÞP-PÞ-zbP-z-n¤Å-hPôÅ-q-GP-»Ûm-hï-
hP-ºyh-q-hP-ÇÀ¼-±ß¼-¿kôG-GÛ-»ôhü ƒG-
V-±ß¼-º‚ô¼-»Þm-GP-»Ûm-ÁïÅ-qºÛ-fôG-mÅ-
P-±ôÅ-hPôÅ-qô-hï-MP-fG-GP-®¤-hÝ-»ôh-q-
Û̄Å-zMz-fÞz- Û̂-»ôhü º²¤-JÀÛP-ÇeïP-z½‰m-

ºyÛm-MP-
zÆÛP-‚ïh-Ç+zÅ-È-TP-ºwï¾-ºIÛz-¤fô-zºÛ-
½ÀzÅ- (ultra high frequency waves,

UHF waves) zïh-uôh-‚ïh-ˆÛ-»ôhü
O-ÇtäÅ-±h-¾ïGÅ-qô-MP-zÆÛP-‚ïh-Ç+zÅ-È-
TP-ºwï¾-ºIÛz-¤fô-zºÛ-½ÀzÅ- (very

high frequency waves,VHF wa-

ves) zïh-uôh-‚ïh-ˆÛ-»ôhü zl-GbôP-
Ç+zÅ-½ÀzÅ- Û̂-ºwï¾-ºIÛz-VßP-¸h-zNå¼-
HÛÅ-»ôhü hï-¾-ºwï¾-ºIÛz-iG-Ÿm-Nå¼-V-
(frequency modulation,FM) ¸ï¼ü
½ÀâP-ºyÛm-HÛ-½ÀzÅ-¼ÛP-z-n¤Å-fÛG-fh-
;¼-ŸÛG-GÛ-ÇeïP-½ÀzÅ-fÞP-z-n¤Å-¾Å-»-
¤fº-mÅ-¤-¤fºÛ-±h-GŸÛ-Vï-z-»ôhü »Ûm-
mºP.ü ½ÀâP-ºyÛm-HÛ-½ÀzÅ-fÞP-z-n¤Å- Û̂-
½ÀâP-D¤Å-ÇeïP-GÛ-¼Û¤-q-hï-xÛ¼-¿kôG-‚ïh- Û̂-
»ôhü

(ÇÀôz-±m- 47 ¾-G¸ÛGÅü) Mã-¤±m-hï-¾-
zdïm-mÅ-È-TP-»-¤fº-¤-¤fºÛ-±h-GŸÛ-
Vï-zºÛ-O-MP-zÆÛP-(hqï¼-mü h‚Ûm-WÛºÛ-
º²¤-JÀÛP-½ÀâP-ºyÛm-DP-ü (BBC world

service) ‚ïh-Ç+zÅ-½ÀâP-ºyÛm-½ÀzÅ-fÞP-
z-zïh-uôh-‚ïh-ˆÛ-»ôhü GŸm-»P-IGÅ-
Vïm-z½‰m-ºyÛm-hP-MP-zÆÛP-½ÀâP-ºyÛm-
DG-GÛÅ-zTôÅ-Ç+¼-n¤Å- Û̂-zMãh-GbôP-‚ïh-
qºÛ-O-½ÀzÅ-y-¤ô-n¤Å-zïh-uôh-‚ïh- Û̂-»ôhü
JÀôG-ÁÝGÅ-Dz-¾ïm-HÛ-½ÀzÅ-n¤Å-hPôÅ-qô-
ŸÛG-¾-wôG-q-»Ûm-m-hï-hG-GÛ-hPôÅ-qô-hïºÛ-¤ô-
lÝ¾-n¤Å-½ÀzÅ-zŸÛm-ºh¼-ºFâG-GÛ-ºwï¾-
ºIÛz-GTÛG-¤±ßPÅ-fôG-‚ïh- Û̂-»ôhü ½ÀâP-
ºyÛm-HÛ-zl-Çeôm-»ô-VÅ-n¤Å- Û̂-½ÀâP-ºyÛm-
HÛ-½ÀzÅ-n¤Å-ºhÛ-¿e¼-º±ô¾-HÛ-»ôhü G¾-
ÆÛh-½ÀâP-ºyÛm-HÛ-zl-Çeôm-hïºÛ-¼ÛP-fÞP-
½ÀzÅ-ˆÛ-ºwï¾-ºIÛz-hP-¤fÞm-HÛ-»ôh-mü hï-
¾-zdïm-mÅ-zl-Çeôm-»ô-VÅ-hï-½ÀzÅ- Û̂-¼ÛP-
fÞP-¿kz-ºHã¼-D-ÁÅ-»Ûmü zl-Çeôm-»ô-VÅ-
¤P-Vï-z-¾-»m-¾G-GZÛÅ-¼ï-»ôhü ¤ô-‡-¾-
»ôh-qºÛ-zl-Çeôm-»ô-VÅ-¾-V-zŸG-m-¤ô-‡-hï-
ZÛh- Û̂-G Þ̧GÅ-»P-zl-Çeôm-»m-¾G-GZÛÅ-
q-hï¼-z¯Û-ºWôG-‚ïh-ˆÛ-»ôhü ½ÀâP-ºyÛm-
(z½‰m-ºyÛmü)HÛ-½ÀzÅ-º‚ô¼-z-¾-hïºÛ-¼ÛP-
fÞP-Gmh-hôm-w¾-Vï-z¼-ºfôz-VºÛ-½ÀzÅ-
Û̂-¼ÛP-fÞP-GÛ-zŸÛ-V-GTÛG-bà-OÛGÅ- Û̂-»ôhü

hï¼-zdïm-zl-Çeôm-»ô-VÅ-¾-Çoï-GZÛÅ-¿km-HÛ-
½ÀzÅ-zŸÛ-V-GTÛG- (1/4 wave dipole)

TïÅ- ï̧¼ü

This text is taken from the second edition

and is longer and different from the one in

the first (yellow) edition!
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ºôh-¤hPÅ-h¤¼-qôºÛ-XïÅ- Û̂-ºôh- ï̧¼-Ez-ºHïh-Tm-n¤Å-iôh- Û̂-Pô-
zô¼-º±ô¼-HÛ-»ôhü
JÀôG-ÁÝGÅ-Dz-¾ïm-HÛ-ºôh- ï̧¼-Ez-ºHïh-ŸÛG-GÛ-
½ÀzÅ- Û̂-¼ÛP-fÞP-ºôh-¤hPÅ-h¤¼-qô-¾Å-VßP-
¸h-¼ÛP-z-»ôh-q-m-hï-¾-ºôh-¤hPÅ-h¤¼-qôºÛ-¾-ºôh-¤hPÅ-h¤¼-qôºÛ-¾-ºôh-¤hPÅ-h¤¼-qôºÛ-¾-ºôh-¤hPÅ-h¤¼-qôºÛ-¾-ºôh-¤hPÅ-h¤¼-qôºÛ-
XïÅ-ˆÛ-ºôh-¸ï¼-Ez-ºHïh-TmXïÅ-ˆÛ-ºôh-¸ï¼-Ez-ºHïh-TmXïÅ-ˆÛ-ºôh-¸ï¼-Ez-ºHïh-TmXïÅ-ˆÛ-ºôh-¸ï¼-Ez-ºHïh-TmXïÅ-ˆÛ-ºôh-¸ï¼-Ez-ºHïh-Tm- (Infrared ra-

diation) ï̧¼ü hï-mÛ-hPôÅ-qô-±-qô-n¤Å- Û̂-„ÀôÅ-
GbôP-‚ïh- Û̂Å-»ôhü JÀôG-GÛ-ŸÝm-¤¼-¤±ôm-mü P-
±ôÅ-¤fôP-fÞz-qºÛ-JÀôG-ÁÝGÅ-Dz-¾ïm-HÛ-ºôh-
„ÀôÅ-GbôP-‚ïh-q-¤-¸h-½ÀzÅ- Û̂-¼ÛP-fÞP-¤Û-¾Û-¤Û-
‡¼-ÇeôP-V-GTÛG-¿km- 1/1000 mm  HÛ-ºôh-
ï̧¼-Ez-ºHïh-Tm-ºôh-¤hPÅ-h¤¼-qôºÛ-XïÅ- Û̂-

ºôh-ˆP-„ÀôÅ-GbôP-‚ïh- Û̂-»ôhü ¼P-ZÛh-È-TP-
±-qô¼-ºHã¼-zºÛ-Aïm-HÛ-ºôh-¤hPÅ-h¤¼-qôºÛ-
XïÅ- Û̂-ºôh-„ÀôÅ- Û̂Å-»ôhü ¼P-GÛ-¾ÞÅ- Û̂-„ÀôÅ-
GbôP-‚ïh-qºÛ-½ÀzÅ- Û̂-¼ÛP-fÞP-mÛ-¤Û-¾Û-¤Û-‡¼-
zTß-V-GTÛG-mÅ-¤Û-¾Û-¤Û-‡¼-zM-V-GTÛG-z¼-
»Ûmü (1/10mm to 1/100mm).

¤ÛºÛ-¤ÛG-GÛ-hzP-qô-Xïm-qÅ-ºôh-¤hPÅ-h¤¼-
qôºÛ-XïÅ- Û̂-ºôh- ï̧¼-Ez-ºHïh-Tm-n¤Å-¤fôP-
¤Û-fÞzü »Ûm-mºP-¼P-GÛ-¾ÞÅ-qGÅ-±-qô¼-ºHã¼-
zºÛ-Aïm-HÛ-hï-hG-º±ô¼-fÞzü ºôh-¤hPÅ-h¤¼-
qôºÛ-XïÅ- Û̂-ºôh-n¤Å-¾ÞÅ-qGÅ-mP-ºfÛ¤-q-
hP-hï¼-zdïm-¾ÞÅ-qGÅ-mP-PôÅ- Û̂-mÝÅ-ÁÝGÅ-
ºwï¾-zºÛ-Hã¼-z-hï-±-iôh-ºW¾-VÅ- Û̂-dôGÅ-
fÞz- Û̂-»ôhü £æ¾-D-ÁÅ- Û̂-hzP-ÁïÅ-È-TP-
¾ïGÅ-qô-»ôh-qºÛ-Mã-¤±m-HÛ-hï-hG-GÛ-mÝÅ-q-hï-
¾ïGÅ-qô-zïh-uôh-‚ïh-fÞz- Û̂-»ôhü hï-hG-GÛ-

¤GôºÛ-lôG-OºÛ-hzP-ÁïÅ-xôGÅ-GZÛÅ-;¼-
»ôh-q-hP-hï-±ôÅ-¤Þm-mG-mP-±-iôh-Tm-HÛ-‚Û-
z-ÅôGÅ-º±ô¼-fÞz-qºÛ-zïh-uôh-»ôhü
hq¼-VÅ-ºôh-¤hPÅ-h¤¼-qôºÛ-XïÅ- Û̂-ºôh-zïh-
uôh-fÞz-¤Dm-HÛÅ-hPôÅ-qô-±-iôh-Tm-n¤Å-
hq¼-¾ïm-fÞzü hq¼-VÅ-hï-hG-GÛÅ-hq¼-VÅ-
BåÅ-¤Å-uÛ¼-zbP-ºôh- ï̧¼-¾ïm-q-zŸÛm-ºôh-
¤hPÅ-h¤¼-qô-¤m-HÛ-ºôh-n¤Å-zÇkÝ-¼ÞG-ÅôGÅ-
‚ïh- Û̂-»ôhü hï-mÅ-hï-hG-GÛÅ-ºôh-¤hPÅ-
h¤¼-qô-¤m-HÛ-ºôh-hG-uÛ¼-zbP-ºôh- ï̧¼-¾-
ºwô-zNå¼-‚ïhü hq¼-VÅ-hï-hG-DP-q-ÅôGÅ-
hô¼-zºÛ-ºôG-bà-¤Û-¾ÞÅ-q-n¤Å-º±ô¾-Vïh-zïh-
uôh-»ôhü hï-zŸÛm-DP-qºÛ-hq¼-¾ïm-mÅ-hïºÛ-
mP-iôh-WÛ-¿e¼-Vßh- ô̧Å-ÅÞ-ºIô-»Û-»ôh-¤ïh-dôGÅ-
Vïh-ˆP-zïh-uôh-»ôhü ºôh-¤hPÅ-h¤¼-qôºÛ-
ºôG-GÛ-ºôh-zïh-uôh-‚ïh-¤Dm-HÛ-zTôÅ-Ç+¼-hG-
GÛ-º²¤-JÀÛP-GÛ-hq¼-¾ïm-fÞz-q-±ôÅ-Å-GŸÛºÛ-
Gm¤-GÁÛÅ-ÅôGÅ-Çkôm-hqG-Vïh-ˆP-zïh-uôh-
‚ïh-ˆÛ-»ôhü
ºôh-¤hPÅ-h¤¼-qô-¤m-HÛ-ºôh- Û̂-zlºÛ-zïh-
uôh-GŸm-mÛü z½‰m-ºyÛm-hP.ü È-TP-ºyâ¾-
¿km-HÛ-fG-¼ÛP-z;ôh-VÅü zÇe¼-¤ïh-D-q¼ü
JÀôG->Àh-µâz-Çoôm-ºyâ¾-VÅü hï-zŸÛm-JÀôG-hq¼-
ºyâ¾-VÅ-zTÅ-»Ûmü zl-hï-hG-Å-ºôG-h¤ÛGÅ-
zÅ¾-zÇe¼-¾ºP-zïh-uôh-‚ïh-hï-ºƒï¾-¾¤-HÛ-
OÛGÅ-º²âGÅ-ÅôGÅ-¾ïGÅ-qô-»ôP-GÛ-»ôhü

ºôh-mÛ-P-±ôºÛ-¤ÛG-GÛ-hzP-qô¼-º±ô¼-ÇoP-Tm-HÛ-JÀôG-ÁÝGÅ-Dz-¾ïm-HÛ-
ºôh- ï̧¼-Ez-ºHïh-Tm-ŸÛG-»Ûmü
ºôh-mÛ-JÀôG-ÁÝGÅ-Dz-¾ïm-HÛ-½ÀzÅ-GŸm-hP-GTÛG-¤±ßPÅ-»Ûmü »Ûm-mºP.ü hï-hG-P-±ô¼-È-TP-
G¾-Vï-»Ûm-qºÛ-Mã-¤±m-mÛ-¤ÛG-GÛ-hzP-qô-º±ô¼-fÞz-qºÛ-½ÀzÅ- Û̂-¼ÛP-fÞP-GÛ-M-Eôm-hï¼-±ßh- Û̂-»ôhü
¤ÛºÛ-¤ÛG-GÛ-Cï-lÝ¾-y-G Þ̧GÅ-hG-GÛ-ºôh- Û̂-½ÀzÅ- Û̂-¼ÛP-fÞP-¤Û-ºi-z-¾-»-¾ïm-‚ïh- Û̂-»ôhü ºGº-ÁÅ-
Û̂-ºôh-h¤¼-qô-hP.ü ºGº-ÁÅ- Û̂-¿YP-DÞP.ü »P-¼ï-ŸÛG-GÛ-ºôh-Çkôm-qô-zTÅ-¾-»-¾ïm-‚ïh- Û̂-»ôhü Mã-

¤±m-hï¼-zdïm-P-±ôÅ-±ôm-¤hôG-¤fôP-fÞz- Û̂-»ôh-q-»Ûmü
ºôh- Û̂-P-±ôºÛ-¤ÛG-¾-Mã-Aïm-‚ïh- Û̂-»ôh-q-zŸÛm-hq¼-HÛ-wïP-ÁôG-¾ºP-hï-zŸÛm-‚ïh- Û̂-»ôhü hï¼-zdïm-
P-±ôÅ-xÛºÛ-º²¤-JÀÛP-mP-WÛ-¿e¼-¤fôP-z-zŸÛm-hq¼-mP-hÝ-¤fôP-fÞz- Û̂-»ôhü
ZÛ-ºôh-mP-½ÀzÅ- Û̂-¼ÛP-fÞP-ºi-¤Ûm-ºiïÅ-»ôhü ¤ÛºÛ-z ô̧Å-qºÛ-ºôh-¤hPÅ-hG-¾ºP-½ÀzÅ- Û̂-ºiïÅ-
¤-hï-¿e¼-»ôh-qºÛ-Mã-¤±m-HÛ-hï-hG-¼P-‚ãP-GÛ-ºôh-¿e¼-¤Pôm-fÞz- Û̂-»ôhü

iÛ-züiÛ-züiÛ-züiÛ-züiÛ-zü
1  ;] JÀôG-ÁÝGÅ-Dz-¾ïm-HÛ-½ÀzÅ-ŸïÅ-q-
GP-¼ïh-h¤ü
   D] GÁ¤-GÅ¾-½ÀzÅ- Û̂-¼ÛP-fÞP-hG-
¾-JÀôG-ÁÝGÅ-Dz-¾ïm-HÛ-½ÀzÅ- Û̂-f-Ç‰h-TÛ-
zbGÅ-Å¤ü
  1) 1km       4)  0.1 micrometre

   2) 1cm       5) 0.0001 micrometre

   3) 1 micrometre   (1/1000 mm) 6) 0.00000001 micrometre

 - G] GôP-GÛ-iÛ-z- 1 D] mP-¾m-zbz-
qºÛ-½ÀzÅ-¼ï-¼ï-»Û-º‚ãP-DÞPÅ-¼ï-hP-zïh-
uôh-¼ï-ºIï¾-zXôh-‚ïhü
 P] iÛ-z- 1 D] mP-¾m-zbz-qºÛ-
½ÀzÅ-GP-GÛü
    1] mÝÅ-ÁÝGÅ-¤P-ÁôÅü
    2] mÝÅ-ÁÝGÅ-ZÝP-ÁôÅü

  ºô¼-ºiïm-‚ïh-h¤ü

2] O-½ÀzÅ-y-¤ô-n¤Å-Å-ŸÛz-Vïh-hÝ-zïh-
uôh-‚ïh-ˆÛ-»ôhü hï-hG-Å-GmÅ-GZÛÅ-z¼-
¾-ºIâ¾-zŸÝh-‚ïh-»Þm-hï-zïh-uôh-‚ïh-hï-
MP-fG-z Û̄Å-zMz- Û̂-»ôhü
;] Å-ŸÛz-q-ŸÛG-GÛÅ-Å-ŸÛz-q-GZÛÅ-q-
hï¼-O-½ÀzÅ-y-¤ô-zbP-z-hP-Å-ŸÛz-q-
GZÛÅ-q-hïÅ-zl-¾m-±ß¼-GbôP-GÛ-»ôhü Å-
ŸÛz-q-hP-qôÅ-zl-¾m-w¼-zbP-z-hP-
ÇÀ¼-»P-¼P-xôGÅ-ÅÞ-±ß¼-º‚ô¼-zºÛ-hÝÅ-
»Þm-mÛ-Ç+¼-VG- 0.000033 (0.000033

s) »Ûmü Å-ŸÛz-q-GZÛÅ-ˆÛ-z¼-fG-WÛ-®¤-
»Ûm-m¤ü
D] fzÅ-¾¤-ºhÛ-»P-hG-ŸÛG-¤Ûm-q-ÁïÅ-
fÞz-»ôh-q-hP-MP-±h-hï¼-mô¼-ºFâ¾-¤Û-¾Û-
¤Û-‡¼- 55 44mm ®¤-HÛ-»Å-¤Å-»ôh-q-
hqôG-fÞzü ºhÛ-zM-VºÛ-fôG-WÛ-®¤-»Ûm-m¤ü

Fig. 46.3  Fig. 46.3  Fig. 46.3  Fig. 46.3  Fig. 46.3  hqï-¼ÛÅü
46.3 DP-q-ŸÛG-GÛ-ºôh-
¤hPÅ-h¤¼-qôºÛ-ºôG-
GÛ-ºôh-ˆÛ-G¸ÞGÅ-z½‰mü
hq¼-hïºÛ-mP-D-GÅ¾-
ÁôÅ-V-ÁÅ-hï¼-iôh-¤P-
ÁôÅ-z½ÀG-GÛ-»ôhü

Fig. 46.4Fig. 46.4Fig. 46.4Fig. 46.4Fig. 46.4 hqï-¼ÛÅü
46.4 hÝh-ºIô-n¤Å-ˆÛ-
ºôh-¤hPÅ-h¤ô¼-qôºÛ-
ºôG-GÛ-ºôh-¸ï¼-Ez-
ºHïh-Tm-„ÀôÅ-ˆÛ-»ôhü
hq¼-ºhÛ-mÛ-ºôh-
¤hPÅ-h¤¼-qô-¤m-HÛ-
ºôh-¾-¤±ô¼-ÇoP-Tm-HÛ-
wïP-ÁôG-GÛ-„ÀPÅ-z-ŸÛG-
»Ûmü
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ZÛ-¤Å-¤ÛG-GÛ- Û̧m-¤Û-fÞz-qºÛ-ºôh-¤hPÅ-y-¤ô-hG-zCæm-HÛ-»ôhü
ZÛ-ºôh-¾-¤ÛG-GÛÅ- Û̧m-¤Û-fÞz-qºÛ-ºôh-
¤hPÅ-y-¤ô-»ôhü P-±ôÅ-hï-hG-¤fôP-¤Û-
fÞzü GP-»Ûm-Ÿï-mü ¤ÛºÛ-¤ÛG-GÛ-hzP-qôÅ-
ºôh- ï̧¼-HÛ-½ÀzÅ- Û̂-¼ÛP-fÞP-È-TP-fÞP-fÞP-
n¤Å-¤Pôm-¤Û-fÞzü »Ûm-mºP-ºzÞ-ÆÛm-y-¤ô-
hÝ-¤-ŸÛG-GÛÅ-hï-hG-¤fôP-fÞz- Û̂-»ôhü ¤ï-
bôG-w¾-Vï-zºÛ-ºhz-¤ºÛ-ÇeïP-GÛ-±ôm-dGÅ-
hG-GÛÅ-¤ÛG-GÛ- Û̧m-¤Û-fÞz-qºÛ-ºôh-¤hPÅ-
y-¤ô-n¤Å-xÛ¼-¿kôG-‚ïh- Û̂-»ôhü ºzÞ-ÆÛm-HÛ-
±ôm-dGÅ-¤fôP-fÞz-q-hP-hï-hG-GÛ-ºzÞ-
ÆÛm-±ô-¤fÛ¾-hÝ-GmÅ-qºÛ-¤ï-bôG-GÛ-zhÝh- Û̄-
Å¼-¾¤-MãÅ-‚ïh-ˆÛ-»ôhü ¤ÛºÛ-¾ÞÅ-qGÅ-ÅÞ-
wôG-qºÛ-¤ÛG-GÛ- Û̧m-¤Û-fÞz-qºÛ-ºôh-¤hPÅ-
y-¤ôÅ-¾ÞÅ-qGÅ-GÛ-zTßh-Ç̈m- G-(vitamin

D).
z ô̧-zCæm-‚ïh-Mã¼-zÇ+Ý¾-HÛ-»ôhü ZÛ-ºôh-¤Û-
ºhP-z-hP-¸Å- Û̂-mP-hÝ-zTßh-Ç̈m- G ¤Û-
ºhP-zºÛ-Aïm-HÛ-¼ÞÅ-q-¤±¼-¾ôP-¤Û-fÞzü
hï-¾-¼ÞÅ-GTôP-(rickets) ï̧¼ü ‚P-ÍÞ-¼Þ-
ÅÞºÛ-mP-‚ÛÅ-qºÛ-¾ÞÅ-qGÅ-ˆÛ-zTßh-Ç¨m- G
zCæm-fzÅ-ÅÞ-ZÛ-ºôh-mP-hÝÅ-±ôh-¤Û-ZÝP-z-
ŸÛG-zÇkôh-hÝ-zTßG-GÛ-»ôhü

(pigment,Melanin) ŸïÅ-q-z ô̧-zCæm-
‚ïh- Û̂-»ôh-q-hP-hïÅ-¤ÛG-GÛ- Û̧m-¤Û-fÞz-qºÛ-
ºôh- ï̧¼-y-¤ô-ºWâ-»Û-»ôhü hï-Eôh- Û̂-qGÅ-q-
¤Zïh-hÝÅ-»ôP-GÛ-»ôhü »Ûm-mºP-hï-»ôP-z-
¾-hÝÅ-±ôh-GP-®¤-ºGô¼-HÛ-»ôh-q-hP-Eïh-
Û̂-¾ÞÅ-qGÅ-G¸z-qô-¤Zïh-¤-fÞz-z¼-¤ÛG-

GÛ- Û̧m-¤Û-fÞz-qºÛ-ºôh- ï̧¼-wôG-qºÛ-Zïm-D-
»ôhü

»Ûm-mºP-¾ÞÅ-qGÅ-ÇeïP-¤ÛG-GÛ- Û̧m-¤Û-fÞz-
qºÛ-ºôh-¤hPÅ-y-¤ô-wôG-»G-¤P-iG-m-
Ç̈Å-Bôm-»P-‚ïh-ÆÛhü hï-hG-GÛ-¾ÞÅ- Û̂-Bï-
lÝ¾-y-G Þ̧GÅ-n¤Å-Ç̈Å-Bôm-‚ïh-qºÛ-Aïm-
HÛ-qGÅ-q-ZÛ-¤Å-±ÛGÅ-(sunburn)qºÛ-
n¤-q-zbôm-HÛ-»ôhü hï-hG-GÛ-qGÅ-qºÛ-
Cm-mh-ˆP-z¸ôÅ-ÆÛhü ZÛ-ºôh-È-TP-±-
iôh-Tm-¾-Gô¤Å-q-¤ïh-qºÛ-Bï-zô-n¤Å-±-
iôh-Vï-zºÛ-Å-DÞ¾-hÝ-GÝP-ÅïP-ºIô-¤Dm-Wï-
¤P-hÝ-xÛm-qºÛ-Aïm-HÛ-hïP-ÅP-qGÅ-qºÛ-
Cm-mh-mÛ-mh-GŸÛ-zBåÅ-¤-ŸÛG-bà-Nå¼-»ôhü
Eôh- Û̂-¾ÞÅ-qGÅ- Û̂-¼P-ZÛh-ÆâP-Vïh-±ôm-
µÅ-mG-µÅ-

¤ÛG-GÛ- Û̧m-¤Û-fÞz-qºÛ-ºôh-¤hPÅ-y-¤ô-
n¤Å-»P-ºƒÛ-±-¾-MG-¤Dm-HÛ-„ÀôÅ-GbôP-
‚ïh-ˆÛ-»ôhü »P-ºƒÛ-±-¾-MG-¤Dm-±ôÅ-
¿UGÅ-¼ÛGÅ-¾-JÀôG-GÛ-¤ï-±G-GÛ-iôh-zBïh- Û̂-
»ôhü È-TP-±-iôh-Tm-HÛ-lÝ¾-ym-±ôÅ-¤ÛG-
GÛ- Û̧m-¤Û-fÞz-qºÛ-ºôh-¤hPÅ-„ÀôÅ- Û̂-»ôhü
hï¼-zdïm-±-¾-MG-¤Dm-±ôÅ-ÆâP-Bôz- Û̂-
GôÅ-Hôm-q-hP-hï-zŸÛm-¼P-GÛ-¤ÛG-ÆâP-Vïh-
¿YP-mG-Tm-HÛ-±GÅ-ˆP-zïh-uôh-‚ïh- Û̂-
»ôhü ¤ÛG-mÛ-¤ÛG-GÛ-¸Ûm-¤Û-fÞz-qºÛ-ºôh-
¤hPÅ- Û̂-È-TP-Zïm-D-Vï-zºÛ-hzP-qô-ŸÛG-
»Ûmü
ZÛ-¤-mÅ-º‚ãP-zºÛ-¤ÛG-GÛ- Û̧m-¤Û-fÞz-qºÛ-
ºôh-¤hPÅ-y-¤ô-hG-Gô-¾ºÛ-½ÀâP-D¤Å-ÇeïP-
hÝ-z²â¾-zŸÝGÅ-‚Å-qÅ-Íô-²ôm-½ÀâP-GÛ-¼Û¤-
q-hï-Iâz-Mã¼-¤fÞm-Mã¼-‚ïhü ¼Û¤-q-hïÅ-ZÛ-
¤-mÅ-„ÀôÅ-GbôP-‚Å-qºÛ-Gô-¾¼-zBôh-
¤Dm-¤ÛG-GÛ- Û̧m-¤Û-fÞz-qºÛ-ºôh-¤hPÅ-y-
¤ô-n¤Å-z¸ÞP-GÛ-»ôhü »Ûm-mºP-
(chlorofluorocarbons, CFCs )µÅ-hï-
hG-GÛ-Íô-²ôm-HÛ-¼Û¤-q-Gbô¼-Bôm-‚ïh- Û̂-»ôh-
q¼-zdïm-¤ÛG-GÛ-¤fôP-¤Û-fÞz-qºÛ-ºôh-
¤hPÅ-y-¤ô-¤P-hG-ŸÛG-Gô-¾¼-º‚ô¼-HÛ-
»ôhü hï-mÛ-ÆôG-VGÅ-¾-È-TP-Zïm-D-Vïm-
qô¼-ºHã¼-»ôhü

hPôÅ-qô-D-ÁÅ- Û̂-¤ÛG-GÛ-¤fôP-¤Û-
fÞz-qºÛ-ºôh- ï̧¼-y-¤ô-n¤Å-
¤fôP-fÞz-qºÛ-ºôh-hÝ-ºwô-zNå¼-
‚ïh- Û̂-»ôhü
xïh-G Þ̧GÅ-ºyô-ºôh-ŸÝm-¤¼-mP-hÝ-JÀôG-GÛ-
mÝÅ-ÁÝGÅ-¤ÛG-GÛ-¤fôP-¤Û-fÞz-qºÛ-ºôh- ï̧¼-
y-¤ô-¾-ºwô-zNå¼-‚ïh-ˆÛ-»ôhü ŸÝm-¤ºÛ-
Ç~äGÅ-GºÛ-mP-PôÅ-ÅÞ-xïh-G Þ̧GÅ-ºyô-ºôh-
f¾-zÅ-¯Û-zbP-»ôhü ¤ÛG-GÛ-¤fôP-¤Û-fÞz-
qºÛ-ºôh-¤hPÅ-y-¤ô-f¾-z-hïºÛ-ÇeïP-hÝ-wôG-
q-m-hï-hG-GÛ-ºôh- ï̧¼-hG-z Þ̧P-GÛ-»ôhü
f¾-zºÛ-lÝ¾-ym-hG-GÛ-mÝÅ-ÁÝGÅ-GP-®¤-
ŸÛG-¤ÛG-GÛ-¤fôP-¤Û-fÞz-qºÛ-ºôh-¤hPÅ-y-
¤ôºÛ-½ÀzÅ-mÅ-z Þ̧P-z-hP-hï-mÅ-¤fôP-
fÞz-qºÛ-ºôh- Û̂-Pô-zô¼-„ÀôÅ- Û̂-»ôhü hï-¾-xïh-xïh-xïh-xïh-xïh-
G¸ÞGÅ-ºyô-ºôhG¸ÞGÅ-ºyô-ºôhG¸ÞGÅ-ºyô-ºôhG¸ÞGÅ-ºyô-ºôhG¸ÞGÅ-ºyô-ºôh-(Fluorescence)¸ï¼ü
FâÅ-f¾-D-ÁÅ-mP-xïh-G Þ̧GÅ-ºyô-ºôh-Tm-
HÛ-µÅ-»ôhü hï-hG-GÛ-ZÛ-ºôh-mP-¤ÛG-GÛ-
¤fôP-¤Û-fÞz-qºÛ-ºôh-¤hPÅ-y-¤ô-n¤Å-
z Þ̧P-Çeï-¤fôP-fÞz-qºÛ-ºôh- Û̂-Pô-zô¼-„ÀôÅ- Û̂-
»ôhü hï¼-zdïm-Eôh- Û̂-GôÅ-h;¼-n¤Å-ÇS¼-
¾Å-¤hôG-h;¼-Tm-hÝ-ºHã¼-HÛ-»ôhü ¤±m-
±ôGÅ-DP-ŸÛG-GÛ-mP-hÝ-FâÅ-f¾-zïh-uôh-
‚Å-qºÛ-GôÅ-h;¼-n¤Å-¤Þm-mG-hïºÛ-mP-
ÇS¼-¾Å-¿ËG-q¼-ºôh-ºyô-z¼-‚ïhü
¤fôP-¤Û-fÞz-qºÛ-ÇoG-±ôm-(Invisible
ink)HÛ-¤ÛG-GÛ-¤fôP-¤Û-fÞz-qºÛ-ºôh-¤hPÅ-
y-¤ôºÛ-mP-hÝ-ºôh-ºyô-z¼-‚ïh-q¼-zdïm-hï-
hG-zhï-ÆâP-GÛ-±ôÅ-dGÅ-ÅÞ-zïh-uôh-‚ïh- Û̂-
»ôhü Eôh-ˆÛ-O-º²Ûm-ºyâ¾-ºDô¼-ºi-zºÛ-
hPôÅ-qô-hG-¾-£G-ÍP-ºƒÛ-VôGü uÛ¼-zbP-
ºôh-h;¼-mP-¤fôP-¤Û-fÞz-ˆP-¤ÛG-GÛ-
¤fôP-¤Û-fÞz-qºÛ-ºôh-¤hPÅ-y-¤ôºÛ-ºôG-bà-
ÇoG-±ôm-HÛ-ºôh-ºyô-z¼-zdïm-hï-hG-D-
GÅ¾-¤Pôm-fÞz- Û̂-»ôhüFig. 46.5Fig. 46.5Fig. 46.5Fig. 46.5Fig. 46.5  hqï-¼ÛÅ- 46.5

¤ÛG-GÛ-¤fôP-¤Û-fÞz-qºÛ-ºôh-
¤hPÅ-y-¤ôÅ-xÛ-iôºÛ-¤ï-bôG-M-
Åï-hq¼-„ÀPÅ-z-ŸÛGü ºhÛ-mÛ-
ºzÞ-ÆÛm-HÛ-WÛ-¿e¼-¤fôP-GÛ-»ôh-
q-zŸÛm-»Ûmü MãÅ-fÛG-n¤Å-
D-GÅ¾-zÇem-q-¾-hô-ÇoP-‚ïh-
¼ôGÅü hï-hG-GÛ-¤ï-bôG-GÛ-
¤fÛ¾-hÝ-GmÅ-qºÛ-zhÝh-¯Û¼-
ºzÞ-ÆÛm-n¤Å-¾¤-MãÅ-‚ïh-ˆÛ-
»ôhü

Fig. 46.6Fig. 46.6Fig. 46.6Fig. 46.6Fig. 46.6  hqï-
¼ÛÅ- 46.6 ±-¾-MG-
¤Dm-HÛ-¤ÛG-Áï¾-
±GÅ-mG-Tm-HÛ-DôP-
GÛ-¤ÛG-JÀôG-ÁÝGÅ-Dz-
¾ïm-HÛ-ºôh-¸ï¼-¾Å-
ÆâP-zBôz-‚ïh-ˆÛ-»ôhü



CAMBRIDGE COORDINATED SCIENCE  TIBETAN TRANSLATION - PHYSICS

Science meets Dharma, Sera Monastery, Bylakuppe, Karnataka, India. 2006

120

f¾-ºzÛzÅ-ºôh- ï̧¼-HÛ-¤FïGÅ-G Þ̧GÅ-¾-º²â¾-fÞz- Û̂-»ôhü

f¾-ºzÛzÅ-ºôh- ï̧¼-mÛ-¤ô-lÝ¾-n¤Å-hï-¤-
fG-bà-¥ã¼-qô-h¾-hÝ-zbP-zºÛ-Iâz-q-¼ïhü
¤ô-lÝ¾-hï-hG-JÀôG-ÁÝGÅ-;Û-¾ô-¶ô¾‡-ÅÞ¤-Tß-
(30 kV)»Ûm-q-ŸÛG-GÛ-¥ã¼-zBôh-‚Åü hï-
hG-¿UGÅ- Û̂-ºzïm-ŸÛG-¾-¤HôGÅ-±h-Ç+¼-
VG-GTÛG-mP-¤Û-‡¼-hÝ¼-xã¼-(100 000

000 m/s)®¤-HÛ-wôG-GÛ-»ôhü hï-hG-h¾-hÝ-
xÛm-q-hP-D-ÁÅ- Û̂-ºGÝ¾-zBôh- Û̂-mÝÅ-
ÁÝGÅ-JÀôG-ÁÝGÅ-Dz-¾ïm-HÛ-mÝÅ-ÁÝGÅ-ÅÞ-ºwô-
zNå¼-‚ïh- Û̂-»ôhü
Eôh- Û̂-ÁôG-IPÅ- 116 GÛ-hqï-¼ÛÅ-ÇeïP-
G Û̧GÅ-q-zŸÛm-JÀôG-ÁÝGÅ-Dz-¾ïm-HÛ-ºôh-
¸ï¼-½ÀzÅ-ˆÛ-¼ÛP-fÞP- 10-12 m  mÅ- 10-
10m  »Ûm-q-hG-f¾-ºzÛzÅ-Å¤-f¾-
ºzÛzÅ-ºôh- ï̧¼-VßP-ÁôÅ-GZÛÅ-ÅÞ-Çkï-±m-h‚ï-
ÆÛhü ºôh- ï̧¼-hï-hG-¾-Eh-q¼-¤ïhü hï-
hG-Iâz-±ß¾-HÛ-hzP-GÛ-f¾-ºzÛzÅ-Å¤-
f¾-ºzÛzÅ-VßP-ÁôÅ-ŸïÅ-f-Ç‰h-zbGÅ-Åôü

hPôÅ-qô-¤Û-ºi-zºÛ-f¾-ºzÛzÅ-ºôh- ï̧¼-¤P-
ZÝP-¤Û-ºi-z-z¸ÞP-fÞz-ˆÛ-»ôhü hqï¼-mü
¾G-P¼-Mãh-¤Dm-f¾-ºzÛzÅ-ºôh- ï̧¼-HÛ-
¾ÞÅ-qGÅ-hP-Á-OÛ¤-¾-h;º-¤ïh-º²â¾-
fÞz- Û̂-»ôh-ˆP-¼ÞÅ-q¼-¾Å-ÇÀ-qô-Mãh-fÞz- Û̂-
¤ïhü G¾-ÆÛh-Eôh- Û̂-¾G-P¼-f¾-ºzÛzÅ-
ºôh- ï̧¼-HÛ-º‚ãP-DÞPÅ-ŸÛG-hP-hq¼-HÛ-
wïP-ÁôG-ŸÛG-GÛ-z¼-¾-zŸG-q-m-¼P-¾-¾G-
P¼-¼ÞÅ-qºÛ-ºi-z½‰m-ºfôz- Û̂-¼ïhü f¾-
ºzÛzÅ-ºôh- ï̧¼-wïP-ÁôG-bà-wôG-»Þ¾-»ôPÅ-
µôGÅ-¤Þm-mG-bà-ºHã¼-HÛ-»ôh-q¼-zdïm-
¾ÞÅ-qGÅ-hP-Á-OÛ¤-Dï¾-DÞ¾-»P-¤Þm-mG-
bà-ºHã¼-HÛ-»ôhü f¾-ºzÛzÅ-ºôh-¸ï¼-HÛ-V-
ÁÅ-®¤-¾Å-¼ÞÅ-q¼-Mãh-¤Û-fÞz-q¼-zdïm-
¼ÞÅ-q-Dï¾-DÞ¾-HÛ-wïP-ÁôG-GÛ-Eôm-hï-h;¼-qô-
GmÅ- Û̂-»ôhü

f¾-ºzÛzÅ-ºôh- ï̧¼-HÛ-hPôÅ-qô-xï-G Þ̧GÅ-
ºôh-ºyô-z¼-Aïm-‚ïh- Û̂-»ôhü G¾-ÆÛh-f¾-
ºzÛzÅ-ºôh- ï̧¼-xïh-G Þ̧GÅ-ºôh-ºyôºÛ-
GÅP-»ô¾-ŸÛG-¾-wôG-q-»Ûm-m-hï-hG-GÛ-
GÅP-»ô¾-hïÅ-¤fôP-fÞz-qºÛ-ºôh-ºyô-z¼-
‚ïh-qºÛ-Mã-‚ïh-ˆÛ-»ôhü hï¼-zdïm-f¾-
ºzÛzÅ-ºôh- ï̧¼-xïh-G Þ̧GÅ-ºôh-ºyôºÛ-
GÅP-»ô¾-¾-wôG-bà-zTßG-qºÛ-hzP-GÛ-
¤fôP-fÞz-qºÛ-ºôh-ºyô-z-hï-hG-hq¼-
„ÀPÅ-bï-JÀôG-hq¼-zMz-fÞzü

ÁÛm-bà-mÝÅ-ÁÝGÅ-¿km-qºÛ-f¾-ºzÛzÅ-ºôh-
ï̧¼-hG-¾-ºwï¾-ºIÛz-¤fô-qô-»ôh-q-hP-

½ÀzÅ-fÞP-fÞP-»ôhü hï-hG-¿UGÅ-¼ÛGÅ-¾-
Mãh-fÞz- Û̂-»ôh-q¼-zdïm-±-¾-dôGÅ-Vïh-

zïh-uôh-»ôhü

hqï-¼ÛÅ- 47.7hqï-¼ÛÅ- 47.7hqï-¼ÛÅ- 47.7hqï-¼ÛÅ- 47.7hqï-¼ÛÅ- 47.7 f¾-
ºzÛzÅ-ºôh-¸ï¼-HÛ-hq¼-
„ÀPÅ-zºÛ-hôÅ-VÅ-mP-
GP-»ôh-Çeôm-fÞzü

Eôh-ˆÛ-ÁïÅ-Å¤ü
½ÀzÅ- Û̂-Eh-VôÅ-G¸z-¤ô¼-ºIï¾-zXôh-Vïh-
¤±¤Å-¼ï-hï-hG-lÝ¾-HÛ-Pô-zô¼-ºIï¾-zXôh-
‚ïh- Û̂-»ôhü hï-ºiºÛ-lÝ¾-¾-ºôh- ï̧¼-JÀôG-
lÝ¾-(photons)¸ï¼ü ¤±¤Å-¼ï-P-±ôÅ-lÝ¾-
n¤Å-½ÀzÅ- Û̂-Pô-zô¼-zÅ¤-ŸÛz-‚ïh-hGôÅ-
ˆÛ-»ôhü È-TP-mÝÅ-¿km-HÛ-¤ô-lÝ¾-n¤Å-¾-
½ÀzÅ- Û̂-¼ÛP-fÞP- 0.000 000 0001 m

¾Å-h¤º-z-»ôhü

f¾-ºzÛzÅ-ºôh- ï̧¼-mÛ-È-TP-
mÝÅ-ÁÝGÅ-¿km-qºÛ-½ÀzÅ-»Ûmü
hï-hG-hq¼-HÛ-wïP-ÁôG-GÛ-
¯h-ŸÛz-‚ïh-fÞzü f¾-
ºzÛzÅ-ºôh- ï̧¼-hG-¤FïGÅ-
G Þ̧GÅ-Mãh-º²â¾-fÞz- Û̂-
»ôhü
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iÛ-zü
1]1]1]1]1] GÁ¤-GÅ¾-ºIï¾-zXôh-GmP-¼ôGÅü
  ;] ZÛ-¤ºÛ-ŸÝm-¤¼-zïh-uôh-‚ïh-Ç+zÅ-
ÆâP-Bôz-¤ÛG-Áï¾-ºHôm-G¾-Vïü
  D] Bï-zô-¾ÞÅ-qGÅ-mG-¤hôG-Tm-¾Å-
h;¼-¤hôG-Tm-n¤Å-¾-qGÅ-qºÛ-Cm-mh-
Û̂-Zïm-D-Vï-z-»ôhü

  G] f¾-ºzÛzÅ-ºôh- ï̧¼-HÛ-hq¼-„ÀPÅ-z-
n¤Å- Û̂-¼ÞÅ-q-h;¼-Eôm-ŸÛG-bà-zÇeômü
  P] £æ¾-HÛ-‚Û-z-¤Þm-mG-mP-hÝ-z Þ̧P-fÞzü

2]2]2]2]2] xïh-G Þ̧GÅ-ºôh-ºyôºÛ-Ç~äGÅ-GÅ-w¾-Vï¼-
¤ÛG-GÛ- Û̧m-¤Û-fÞz-qºÛ-ºôh-¤hPÅ-y-¤ô-Iâz- Û̂-»ôhü
Ç~äGÅ-G-ŸÛG-GÛÅ-Ç+¼-VG-GTÛG-mP-JÀôG-GÛ-mÝÅ-
ÁÝGÅ- 100 J zïh-uôh-zbP-Çeï-¤ÛG-GÛ- Û̧m-¤Û-
fÞz-qºÛ-ºôh-¤hPÅ-y-¤ô- 62 J  hP-¤ÛG-GÛ-
¤fôP-fÞz-qºÛ-ºôh- 3 J zCæm-HÛ-»ôhü

 ;] Ç~äGÅ-G-hïºÛ-¤fôP-fÞz-qºÛ-ºôh- Û̂-ºfôm-
ºƒÅ- Û̂-mÝÅ-ÁÝGÅ-G-±ôh-»Ûm-m¤ü G¾-ÆÛh-
Ç~äGÅ-G-hï¼-xïh-G Þ̧GÅ-ºôh-ºyôºÛ-f¾-zÅ- Û̄-
zbP-»ôh-m-JÀôG-GÛ-mÝÅ-ÁÝGÅ- 100 J ¼ï-¤fôP-
fÞz-qºÛ-ºôh- Û̂-mÝÅ-ÁÝGÅ- 20 J zCæm-HÛ-»ôhü

 D] Ç~äGÅ-G- Û̄-zbP-z-hïÅ-¤fôP-fÞz-qºÛ-
ºôh- Û̂-ºfôm-ºƒÅ-mÝÅ-ÁÝGÅ-WÛ-®¤-»Ûm-m¤ü

 G] Ç~äGÅ-G- Û̄-zbP-z-hïÅ-mÝÅ-q-WÛ-®¤-
»Ûm-m¤ü

 P] Ç~äGÅ-G- Û̄-zbP-z-hï- Û̄-¤-zbP-z-¾Å-
WÛ-®¤-HÛ-iôh-¤P-z-Iâz- Û̂-»ôh-h¤ü
3]3]3]3]3] ÍÛ-¼Û-GÅï¼-h;¼- 192 mÛ-f¾-ºzÛzÅ-ºôh-
ï̧¼-fÞP-ÁôÅ- Û̂º‚ãP-DÞPÅ-ŸÛG-»Ûmü hï-»Û- half

life ZÛm- 74 »Ûmü ÇoÝ¤-HÛ-Dï-¾Å-¤Z¤-ºhÝÅ-
ŸÛG-GÛ-Ç~äGÅ-GºÛ-mP-GÛ-±-¾-dôGÅ-Vïh-ÍÛ-¼Û-GÅï¼-
h;¼- 192 zïh-uôh-‚ïh- Û̂-»ôhü

;] ÍÛ-¼Û-GÅï¼-h;¼- 192 ±-¾-dôGÅ-Vïh-WÛ-
¿e¼-zïh-uôh-‚ïh- Û̂-»ôh-q-ºIï¾-zXôh-
GmP.¼ôGÅü

D] ÍÛ-¼Û-GÅï¼-h;¼- 192 hï-¾ô-GTÛG-®¤-
zïh-uôh-‚Å-XïÅ-wïP-ÁôG-hï-hG-ÇS¼-hP-¤Û-ºi-
hÝÅ-»Þm-¼ÛP--qô¼-zÇem-hGôÅ- Û̂-»ôhü hïºÛ-Mã-
¤±m-TÛ-»Ûm-m¤ü

G] ZÛm- 370 ®¤-HÛ-XïÅ-¾-ÍÛ-¼Û-GÅï¼-h;¼-
192 Û̂-ºôh- ï̧¼-ºyô-¤hPÅ- Û̂-mÝÅ-ÁÝGÅ-¾-Eh-
q¼-TÛ-»ôh-h¤ü

P] hï-ºiºÛ-h;¾-P¾-hï-ÇoÝ¤-HÛ-Dï-¾-¤Z¤-
ºhÝÅ-hïÅ-WÛ-¿e¼-Çkôm-ºGôG-‚ïh-fÞz-z¤ü
4]4]4]4]4] Dï-¾Å-¤Z¤-ºhÝÅ-ŸÛG-GÛ-¾Å-DÞP-n¤Å- Û̂-
JÀôG-zXï-Mã-fG-GTôh-‚Åü ¾Å-DÞP-ŸÛG-GÛ-mP-
Áï¾-lôG-GÅÞ¤-¾ô-GTÛG-¼ÛP-zïh-uôh-‚ïh-q¼-ÍÛm-
ÇKô¼- 22.50 »Ûmü JÀôG-¾Å-¤DÅ-q-ŸÛG-GÛ-xï-

G] G¾-ÆÛh-xïh-G Þ̧GÅ-ºôh-ºyôºÛ-JÀôG-¼ï-
º®ßGÅ-Mã¼-ÍÛm-ÇKô¼- 12 GmÅ- Û̂-»ôh-m-uÛ¼-
zbP-JÀôG-»ôPÅ-µôGÅ-xïh-G Þ̧GÅ-ºôh-ºyôºÛ-
JÀôG-¾-zXï-Mã¼-¾ô-¼ï-mP-hPÞ¾-WÛ-®¤-zBz-fÞz-
z¤ü

P] EÛ¤-±P-mP-¤Û-±ôÅ-fz-±P-hÝ-xïh-
G Þ̧GÅ-ºôh-ºyôºÛ-JÀôG-zïh-uôh-‚ïh- Û̂-»ôh-qºÛ-
Mã-¤±m-TÛ-»Ûmü

hqï-¼ÛÅ- 46.8hqï-¼ÛÅ- 46.8hqï-¼ÛÅ- 46.8hqï-¼ÛÅ- 46.8hqï-¼ÛÅ- 46.8 f¾-ºzÛzÅ-ºôh-¸ï¼-HÛ-„ÀPÅ-zºÛ-hq¼-mP-¼ÞÅ-qºÛ-OÛz-mG-IâzÅü ºhÛ¼-@P-Ç¨h-ˆÛ-¼ÞÅ-
q- tibia  hP- fibula GZÛÅ-;¼-©Å-Bôm-»ôh-q¼-zÇemü

f¾-ºzÛzÅ-ºôh- ï̧¼-fÞP-ÁôÅ-¾-½ÀzÅ-È-TP-fÞP-fÞP-»ôhü
JÀôG-ÁÝGÅ-Dz-¾ïm-HÛ-½ÀzÅ-GP-ŸÛG-¾-½ÀzÅ-
fÞP-ÁôÅ-hP-ºwï¾-ºIÛz-Vï-ÁôÅ-»ôh-q-ŸÛG-¾-
f¾-ºzÛzÅ-ºôh-¸ï¼-fÞP-ÁôÅ-(gamma

rays)ŸïÅ- ï̧¼ü lÝ¾-ym-HÛ-¿eï-lÝ¾-Nå¼-zºÛ-
hzP-GÛ-f¾-ºzÛzÅ-ºôh- ï̧¼-fÞP-ÁôÅ-OæzÅü
hï-hG-¾-mÝÅ-ÁÝGÅ-È-TP-Vïm-qô-»ôhü hï-»P-
ZÛ-¤ÛºÛ-ºôh- ï̧¼-¿kz-Å-»- 10 ®¤-HÛ-¤P-z-»ôhü
f¾-ºzÛzÅ-ºôh- ï̧¼-fÞP-ÁôÅ-mÛ-¿UGÅ-¾ïz-Æz-
¤ôºÛ-¤fÞG-±h-ºW¾-Mã-hP-Ç̈m-zTôÅ-ÅÞ-¤Dô-
zºÛ-»ô-VÅ-hG-mh-ÆÛm-ƒ¾-Vïh-zïh-uôh-‚ïh-
Û̂-»ôhü z ô̧-¾Å-DP-GÛ-f¾-ºzÛzÅ-ºôh- ï̧¼-

fÞP-ÁôÅ- Û̂-º‚ãP-DÞPÅ-G®ô-zô-mÛ-ÍÛ-¼Û-

G Þ̧GÅ-ºôh--      ºyôºÛ-JÀôG-GÛ-hï-ºiºÛ-JÀôG-
GÛ-mÝÅ-q-vôh-q¼-¾ô-¼ï-mP-ÍÛm-ÇKô¼- 5 ¾Å-
GmÅ- Û̂-¤ïh-q-¬Åü
;] º²Ûm-BôPÅ-qÅ-GmÅ-±ß¾-ºhÛ-©Û-¾¤-
¾Å-ºhÅ-q¼-ŸÛG-G Û̧GÅü Eôh- Û̂-DôP-¾-xï-
G Þ̧GÅ-ºôh-yôºÛ-ŸÝm-¤¼-HÛ-hPÞ¾-Bôz-±ß¾-WÛ-
¿e¼-ºIï¾-zXôh-‚ïh-h¤ü

D] G¾-ÆÛh-Dï-¾Å-¤Z¤-ºhÝÅ-hï-¾-¾Å-
DÞP- 30 »ôh-m-¾ô-¼ï-mP-hPÞ¾-WÛ-®¤-Bôz-fÞz-
Û̂-»ôh-h¤ü

GÅï¼-h;¼- 192 hP-;ô-„Ëï‡- 90 »Ûmü
f¾-ºzÛzÅ-ºôh- ï̧¼-n¤Å-ÆôG-VGÅ-¾-Çoôh-
º±ï-Vïü GP-»Ûm-Ÿï-m-hï-hG-GÛ-Bï-lÝ¾-y-G Þ̧GÅ-
n¤Å-JÀôG-¿km-hÝ-ºHã¼-zºÛ-Aïm-‚ïh- Û̂-»ôhü hïÅ-
Bï-lÝ¾-y-G Þ̧GÅ- Û̂-¼ÛGÅ-µÅ-¾-ºHã¼-Bôm-‚ïh-
Û̂-»ôhü f¾-ºzÛzÅ-ºôh- ï̧¼-È-TP-¤P-iG-m-

Bï-lÝ¾-y-G Þ̧GÅ-¯-¤ïh-ˆP-z ô̧Å- Û̂-»ôhü hï-
hG-z;ô¾-uôh-¾ïGÅ-qô-‚ïh-fÞz-q-m-hï-hG-GÛ-
Cm-mh-Bï-lÝ¾-y-G Þ̧GÅ-¤ïh-q¼-z ô̧Å-fÞz- Û̂-
»ôhü
Geiger-Muller »Û-Ç~äGÅ-G-hP-hq¼-HÛ-wïP-
ÁôG-zïh-uôh-‚ïh-hï-f¾-ºzÛzÅ-ºôh- ï̧¼-¯h-
ŸÛz-‚ïh-fÞz- Û̂-»ôhü


