
Scanned by CamScanner

u i  de li n e b t o  N ERT  Ex e l  e i»e b
召

2 1 F i l l  i l 1 t lze  bla t 1ks  : (iu ) D e n s i ty - R e l a t i v e  d e n s i t y  ×  d e n s i ty  o f  w a te r

(i) T he u o i u m e o f a c u be o f s ide l c m is equ a+ t o M
3 

a t  C

a n d he igh t  1o c m  is  equ a l to (m m )  

11 3 ×  l g c m
3

_ 11 3 g c m
3

(ü i) A  u eh ic l e tt t o u in g 11ì i t l1 a  spee d of  18 km / ì1 c o u e r s  

11 3 ×  103 k g m
3

_ 11300 k gm
3

m  i n  1 s

2 2 F i l l  i n  the bla n ks by s 11i t a ble  c o n u e r s io n  of  u n i ts

(iu ) T he r e1a t iu e den s i ty o ï 1ea d i s  11 3 ï t s  den s i t y i s 

(i) \ kg rï
2  

s
2

_ g c m
z

s 2

A n s
EU) G - 6 67 × 10 11 N m  

2 kg
2

_ N n
3 

s
2 
g

1

(t) V  =  13
.  ( l c m )  .  (10 2 

m )  _ 10 6
.

3 A n s (i) 1 k g m
2

s
2 

1 (103 
g) (102 

c m )   s
2

(i i ) r  =  2 c m - 20 .
,  

h - 10 c m  ·  100 - 10 7 
g c m

2 
s

2

S =  2 7cr  (r  +  ìt ) =  2 ×  3 14 ×  20 (20 +  100) (i i) A s  1 l igh t  y e a r  =  9 46 ×  1045
.

- 15072 -
2 

1

(íi i) u  =  18 
kT

.  

18 × 1000 m
.  5 m s

1

I m  =  

9 46 × 10"
l i gh t  y e a r

h  60 ×  60 5 1 053 ×  10 16 l i gh t  y e a r  =  10 16 l i gh t  y e a r
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(i i  3 m s
2

.  3 (10 3 km ) 
6o in  h

- 3 ×  10- 3 
×  3600 ×  3600 k m h 2

- 3 888 ×  104 k m h 2
.  3 9 × 104 k m h 2

(íu ) G =  6 67 ×  10 11 N m  
2 k g

2

- 6 67 ×  10 11 k g m  S
2

M
2 k g

2

- 6 67 ×  10 11
.  

3
s

2 k g
1

- 6 67 ×  10 11 
(10 2 

c m )  .
2 
(1000 g ) 1

=  6 67 ×  10 8 
c m  

3
s

2 
g

1

4 2 1,  
u ther e 1 ï =  1 kg n

2  
s

: s u ppo s e  w e e m p l o y a  sy s t em  o ï
1+T1i t s  in  u thi c h the u n i t  o f m a ss  e qu a l s a  kg ,  

th e 1m i t  o f Be n gth

equ aBs p m ,  
t he u ' oc t im e i s  , Sho w  t ha t . . a to r i e ha s .

m a gn i t u de 4 2  a
L P ' in  t e r m s  o f  the n ew  u n i t s

A n s A s  l c a l o r i e  =  4 2 1,  w h e r e  1 1 =  1 k g m
2

s
2

C le a r l y ,  [E n e r gy ] =  M L2T 2

a  =  1
,  

b =  2
,  c  = 2

Sl  N e t o  Sy s t e m

q - 4 2 n - ?

M
1 

= 1 k g M
2

- a  k g

L
1

- 1 m  L
2

- p m

T =  1 s  T2
- Y s

 4 2  cl -
P -  Y

 2

H e n c e  1 c a l o De   ·  4 2 1 =  4 2a
'
p

2 
Y 

2 
n e w  u n i ts  o f  e n e r gy

2 4 (i) Ex p l a i n  the s t a t e m en t  c l e a r ly : T o  c a tt  a  dim e n s i o n a l

qu a n t i ty la r g e o r  s m a l l ' is  m e a n i n g les s  u ì i t t1o u t  s pe c tfy i n g a

s ta n da r d j o r  c o m pa r is o n

(i i) ï n  s i ew  o í thi s ,  
r etr a m e the  î o11o w i n g s t a t em en t s ,

w he r e u e r  n e c e s s a r y

(a ) A to m s  a r e  u e r y  s m a l l o bìe c t s

(b) A  j e t  pl a n e  m o D es  ztì i th g r ea t  sp e e d

(c ) TT1e  m a s s  of  j u p i te r  is  u e r y  l a r ge

(d) Th e  a i r  i n s ide  th is  T o o m  co n ta i n s  a  ta r g e  n u m be r  o f
m o l e c u le s

° ) A  p r o t o n  1s  m u c n  m o r e  m a s s 1u e  m u n  u n  c t c L 1 r u r 1

(n TTze  spe ed o f  s o u n d i s  m u c h s m a l le r  tha n  t he  s pe ed

o f  t igh t

A n s E) T h e  g i v e n  s t a t e m e n t  i s  c o r r e c t M e a s u r e m e n t

is  ba s i c a l l y  a  c o m p a r i s o n  p r o c e s s W i t h o u t  s p e c i fy i n g a

s t a n d a r d  o f  c o m p a r i s o n
,  

i t  i s  n o t  p o s s ib l e  t o  g e t  a n  e x a c t
i d e a  a b o u t  th e  m a g n i t u d e  o f  a  d i m e n s i o n a l  q u a n t i ty Fo r

e x a m p l e t h e  s t a t e m e n t  t h a t  t h e  m a s s  o f  t h e  e a r t h  i s  v e r y

l a r g e ,  
i s  m e a n i n g le s s T o  c o r r e c t  i t

,  w e  c a n  s a y  t h a t  th e

m a s s  o f  th e  e a r th  i s l a r g  in  c o m p a  s o n  o  n y  o bje  t ly in g
o n  i t s  s u r f a c e

(i i) (a ) T h e  s i z e  o f  a n  a t o m  i s  m u c h  s m a l le r  t h a n  e v e n

t h e  s h a r p t i p  o f  a  p i n

(b) A  je t  p l a n e t  m o v e s  w i th  a  s p e e d  g r e a t e r  th a n

th a t  o f  a  s u p e r f a s t  t r a i n

(c ) T h e  m a s s  o f  ju p i t e r  i s  v e r y  l a r g e  c o m p a r e d  t o

t h a t  o f  th e  e a r th

(d) Th e  a i r  i n s i d e  th i s  r o o m  c o n t a in s  m o r e  n u m b e r

o f  m o l e c u l e s  t h a n  i n  o n e  m o le  o f  a i r

(e ) Th i s  i s  a  c o r r e c t  s t a t e m e n t

f) T h i s  \ s  a  c o r r e c t  s t a t e m e n t

2 5 A  n ew  u n i t  o í  l e n g th i s  c ho s en  s u ch  t ha t  t he s pe e d o f
ti gh t  i n  u a c u +¢m  i s  u n i ty W ha t  i s t he  di s t a n c e  be t w e en  t he  5 1Bn

a n d the ea r th i n  t er m s  o l  th e n e w  u n i t  il  l i gh t  t a ke s  8 m in  a n d

20 s  t o  c o u e r  th is  di s t a n c e  ?

A n s Sp e e d  o f  l i gh t

- 1 n e w  u n i t  o f  le n g t h  /  s

T i m e - 8 m in  20 s - 8 ×  60 +  2 0 =  500 s

D i s t a n c e  b e t w e e n  th e  e a r th  a n d  th e  s u n

Sp e e d  o f  l i gh t  ×  t i m e l ×  500

500 n e w  u n i t s  o f  l e n g t h

2 6 W n ic h o f  the Jo l lo zo i n g is  t l1e  m o s t  p r e c is e  de u iæ  Jo r

m ea s u r i n g 1e n g t ì1

(a) a  u e r n i e r  c a l

sc a l e ,

(b) a  s c r e u ) ga u ge o f  p i t ch 1 - a n d 100 d iu i s io n s  o n

the  c i r c u la r  s c a l e

(c) a n  叩姓 c a ï i n s t r u m en t  tha t  c a n  m e a s u r e Ben gth t o

w i th in  a  1u a u e l e n g t ì1 o f  u is ible  l igh t  ?

A n s T h e  d e v i c e  th a t  h a s  m in i m u m  l e a s t  c o u n t  w i l l  b e

m o r e  p r e c i s e  f o r  m e a s u r i n g l e n g t h

(a ) L e a s t  c o u n t  o f  v e m i e r  c a l l i p e r s

- 1 M SD 1 V SD - 1 M SD
19  

M SD -

1
M SD

20 2 0

一 ×  1 田 田 =
J

. 1 1 - 0 005 c n 飞
20 200

(b) L e a s t  c o u n t  o f  s c r e w  g a u g e

P i t c h

N o o f  d i v i s i o n s  o n  c i r c u l a r  s c a le

1 0 - 1
一 ' U 且1 · 0 001 口 1 l

1UU 1 UUU

(c ) L e a s t  c o u n t  o f  o p t i c a l  i n s t r u m e n t

- W a v e l e n g t h  o f  v i s ib l e  (r e d ) l i gh t

 6 000 Ä.  6 000 × 10-  1
1

 0 . 0006  cm.

H e n c e  t h e  m o s t  p r e c i s e  d e v i c e  fo r  m e a s u r i n g le n g th  i s

th e  g i v e n  o p t i c a l  in s t r u m e n t
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lo o ki n g a t  i t  th r o u gh a  m ic r o s c o pe  of  rn a g n iRc a t io n  100 H e  (í i ) 2 64 ×  10P4 kg

2 10 Sta t e the m t m be r  o f s i gn ific a n t j i gu r es  i n  the fo l to m i n g

ha i r  in  the petd of d ie n t o f t he Æ i c l ,  o s c o pe i s 3 5 m m W h a t i s  the 
(i i i) 0 2370  g c m

3 (iu 1 ó 320  }

es t i m a te  o n  the thickn es s o f  11a i r  ? 
(u ) 6 032 N m

2 (u i) 0 0006032 n+

A n s A v e r a ge  th i c k n e s s  o f  h a i r  a s  o b s e r v e d  t h r o u gh  
A n s (i ) O n e  7  (i i) T h r e e  2

,  
6

,  
4

m i c r o s c o p e  =  3 5 m m  
(ü i ) FO U r  : 2

,  
3

,  
7

,  
0 (i u ) FO U r  6

,  
3

,  
2

,  
0

M a gn i f i c a t io n  p r o d u c e d  by  th e  m i c r o s c o p e - 100 (U ) FO u r  : 6
,  

0
,  

3
,  

2 (U i ) F O U r  6
,  

0
.  

3
,  

2

A c t u a l  th i c k n e s s  o f  h a i r  2 11 I Tt e  te t 1g t ]ï
,  

b r e i 1d t l1 a t 1d t l1i c k1t e s s  of  a  r ec ta n gu la r

Ob s e r v e d  t h \ cn e s s  3 5 s he e t  o f m e t a l  a r e 4 234 m
,  

1 005 m  a Jt d 2 01 c m
,  

r espe c t iu e1y
- _ 0 035 - Glu e  th e a r e a  a n ä t To 1u m e  o f t he sh ee t  t o  c o r r e c t  s i gn iFc a n t

M a gn i f i c a t i o n  100 
ßg u r e s

2 8 A n s zu e r  the j o l to w i n g A n s H e r e  l =  4 234  m
,  

b =  1 005 m
,

e s t iT?1a te  t i l e  d ia n 1e te r  o f  t ite tì1r e a t ï  ? 
11 - 2 0 1 c m - 0 0201 m

(b) A  s a   a u ga u ge l1a s a p t tc ì1o f  1 0 m m  a n d 200 d iu is io n s  o n  
A r e a  o f  s h e e t  =  2 (1b +  bh +  h l )

the c i r c u la r  s c a le D o yo 1t  thin k i t is po s s ibte  to  in c r ea s e  t ke  
2 (4 234 × 1 005 +  1 00 5 × 0 0201 +  0 0201 ×  4 234) m 2

a c c u r a cy  o f  the  s r e u r ga  ge  a  bi tm  i ly  by  in  r  a s i  g t he 2 (4 255 17 +  0 02020 05 +  0 085 1034 ) m
2

n u m be r  o f  d iu i s ío n s o n  the  c i r c u la r  s c a le  ? [D e l h i  13 ] 2 ×  4 3604 739 m
2

_ 8 7209478 m
2

by  D e r n ie r  c a l ipe r s w i l y  is  a  s e t  o f  1o o m ea s u r e 1n e n t s  o f  
8 72 m

2 [R o u n d e d  o f f  u p t o  3 s i gn i f i c a n t  fi gu r e s]

th e t i amet er  ex pe c ted t o  y i e l d a  m o r e  r e l ia bl e es t i m a t e  
V o l u m e  o f  t h e  sh e e t

tha n  a  s e t  o f  5 m e a s u r e m e n ts  o n ly  ? 
l bl1 =  4 234 ×  1 005 ×  0 02 01 m

3

A n s (a ) T h e  t h r e a d  i s  w o u n d  o n  th e  m e t r e  s c a l e  s o  t h a t  
0 08552 89 m

3
_ 0 08 55 m

3

i t s  k i m s  a r e  a s  c l o s e  a s  p o s s ib l e Th i c k n e s s  T  o f  t h e  t h r e a d  [R o u n d e d  o f f  u p t o  th r e e  s i gn i f i c a n t  Dgu r e s]
c o i l  i s  m e a s u r e d  a n d  t h e  n u m b e r  o f  t ur ns ' d  o f  th e  t h r e a d  2 12 The  m a ss  o Fa  bo x  n ?ea s 1Br ed  by  a  g r o c e r  : s  ba la n c e  is  2 3 kg
c o i l  i s  c o u n t e d  

t 
T u l o  go ld p ie c e s  of  m a s s e s  20 15  g a n d 2 0 17 g a r e  a dded to  the

Th i c e s s  o t  r e a d  / c m
Bo x M t  i s  (a ) the to t [1l  111a s s  o f t he  bo x  a n d (b) t he M e n c e in

the n i a s s e s  o í t h e  p i e c e s  t o  c o r r e c t  s i gn i fi c a n t  l igu r es  ?

(b) L e a s t  c o u n t  o f  a  s c r e w  ga u ge  A n s (a ) T o t a l  m a s s  o f  th e  b o x

P i t c h  2 3 k g +  0 020 15 k g +  0 020 17 k g
N t 1m be r  o f  d i v i s i o n s  o n  c i r c u l a r  s c a l e  2 34 032 k g - 2 3 k g

T he o r e t i c a l ly ,  
i t  a p p e a r s  th a t  th e  le a s t  c o u n t  c a n  b e  T h e  r e s u l t  h a s  b e e n  r o u n d e d  o f f  t o  f i r s t  p l a c e  o f

d e c r e a s e d  b y  in c r e a s in g th e  n u m b e r  o f  d i v i s i o n s  o n  t h e  
d e c i m a l  b e c a u s e  m a s s  (2 3 k g) o f  b o x  h a s  d i g i t s  u p to  th i s

c i r c u la r  s c a l e P r a c t i c a l ly ,  
i t  m a y  n o t  b e  p o s s ib l e  t o  t a k e  p l a c e  o f  d e c i m a l

(c ) L a r ge r  th e  n u m b e r  o f  r e a d i n gs
,  c l o s e r  i s  th e  

(b) D i f fe r e n c e  in  m a s s e s  o f  2 g o l d  p i e c e s

- 20 17 g 20 15 g - 0 0 2 g
a r i t hm e t i c  m e a n  t o  t h e  t r u e  v a l u e  a n d  h e n c e  s m a l l e r  t h e  2 13 A  phy s ic a l qu a n t ity  p  is  r e la te d to j o 1t r  o bs e r u a l io n s
r a n d o m  e r r o r H e n c e  r e s u l t  w i th  a  s e t  o f  100 m e a s u r e a

,  
b

,  c  a n d d a s j o l lo w s  p - a3b2/ d
m e n ts  i s  m o r e r e l i a b le  th a n  th  t w i th  a  e t  f 5 m e a s u  e m e n  s  W t e  pe r c e n t a g e  e r r o r s  o f  m e a s u r e m e n t  i n  a

,  
b

.  
c  a r 1d d a re

2 '" T he pho t o gr a ph o ï a  ho u s e  o c c t tp ie s  a n  a r e a  o f 1 75 c n
2  1%

,  
3%

,  
4%  a n d 2%  r e sp e c t iu e ly W h a t  i s  t he per c e n tage er r o r

o n  a  35 m ?n  s ï i e The sBi t te  is  p r o je c te d o n  t o  a  s c r e en  a n d t he i n  th e qu a n t i t y p ? 11 t he u a l 1Be o ï  p  c a l c u l a t e d u s in g the abot?e

a r ea  o í t he ho u s e  o n  the s c r e e n  i s  1 55 m
2 W ha t  i s  the l i n e a r  r e1a t io n  t u r n s  o u t  t o  be 3 7 63

,  
t o  w h a t  u a Bu e sho 1B1d y o u  r o u n d

m agn ifi c a t io n  o f  the p r o ìe c to r s c r ee 1t  a r r a T1ge n 1e n t  ? o $  tDe  r es u l t  ? [c e n t r a l  s c h o o l s  12 D e lh i  09】

A n s Si z e  o f  o b je c t  =  1 75 c m
2

.  1 75 ×  10 4
.  

2
.  

3 b2

s i z e  o f  i m a ge - ] 55 m
2 A n s G i v e n  P _

n
A r e a l  m a gn i f i c a t i o n  T h e  p e r c e n t a g e  e r r o r  i n  t h e  q u a n t i ty  p  i s  g i v e n  by

Si z e  o f  i m a g e
.  

1 55
_ 8857 100 *  ¥ .  3 ×  100 y  

+  2 *  100 y

L i n e a r  m a gn i f i c a t i o n  

1 75 × 1( P 

/  × 100
< c  

100 *  
d

- JA' " "gni Dcat i on - l 8857 =  94 . 3 *  1 % .  2 *  3 % .  . .  % . . .  13%

d
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Sin c e  13% =  0 13
,  

s o  t h e r e  a r e  t w o  s /gn i f i c a n t  f i gu r e s  in

the  pe r c en t a ge  e r r o r H e n c e  P s h o u l d  a l s o  b e  r o u n d e d  o f f

to  2 s i gn i f i c a n t  f i g u r e s

P =  3 763 =  3 8

2 1 & A  bo o k w i th m a n y p r i n t i n g e r r o r s  c o n t a in s  Jo u r

2 16 TJt e  r a d i u s  of  a  hy d r oge n  a t o m  is  a bo u t  0 5 L  Wha t  is

the  t o ta l  a to m ic  u o l u m e  i n  m
3 

o f  a  m o le  o f  11yd r o ge n  a to m s  ?

A n s R a d i u s  o f  a  h y d r o g e n  a t o m
,

r  =  0 5 l .  0 5 ×  10 10
.

dBñi?r m t To n n u la e  To r  the  d is pla c e m e n t  y  o f   ·  pa r t i c le

u ï 1 er go 1n g a  c er ta i n  p er io d i c  m o t i o n

2 7t t
m y  a  s  i "

I T m  y  a  s h  M
,

T

uh y 9H.  in

(io  y - : x   ·  i n  . . " )
(a - m a x im u m  di sp Ba c em en t  o ï th e pa r t ic l e

,  
1) =  sp e ed o f t he

pa r t ic le
,  

T =  t i m e pe r io d o f  rT1o t io n ) R u le  o u t  t ì1e 1( Jr o 11g

lo r 1n u la  o n  d i m e n s ío t t a l g r o 1Bn ds

A n s D i m e n s i o n s  o f  L H S i n  a l l  t h e  c a s e s  (t) t o  (iu ) =  L

D i m e n s i o n s  o f  RH S in  d i f fe r e n t  c a s e s  a r e  a s  f o l l o w s

2 n t
(A n g l e  i s  d i m e n s i o n l e s s )

T h i s  r e l a t i o n  i s  d i m e n s i o n a l ly  c o r r e c t

Ei ) [t 1 s i n  u t ] =  L  s i n  (L T ' T ) =  L  s i n  (L )

(A n g l e  i s  n o t  d i m e n s i o n l e s s )

T h i s  r e l a t i o n  i s  d i m e n s i o n a l ly  w r o n g

w  L9A.  in  y s i .

(A n g l e  i s  n o t  d i m e n s i o n l e s s )

T h i s  r e l a t i o n  i s  d i m e n s i o n a l ly  w r o n g

(iu ) 9.  in  . . " )】- L  s in ' ' " ]
(A n gl e  \ s  d \ m e n s \ o n \e s s )

T h i s  r e l a t i o n  i s  d i m e n s i o n a l l y  c o r r e c t

H e n c e  f o r m u l a e  (i1) a n d (i i i) a r e  d i m e n s i o n a l l y  w r o n g

2 15 A j a m o zl s  r e la t io n  b 1 pì1y s íc s  r e la t es
'

1n o u i t 1g m a s s
'

. .

t o  t he r est  m a s s l l ' o  
o ï a  pa r t i c l e  in  t e n 1t s  o í i t s  spe ed TJ a t 1d th e

speed o f  l igh t  c (T h is r e la t io n  ß r s t  a r o s e  a s  a  c o n s e q1re 11 c e o f

spec i a l  r eì a t iu e ly d u e t o  A .ber t  E in s t e in ) A  bo y r e c a tïs  t he

r e la t io n  a l m o s t  c o r r e c t ly  bu t j o r ge t s  zu ì?e r e t o  p u t  the  c o n s t a n t c

H e 1u r i tes n 1 -
-

Gu es s  w he r e t o  p tBt  the  m is s i n g c [C e n t r a l  Sc h o o l s  14 ]

A n s Si n c e  q u a n t i t i e s  o f  s i m i l a r  n a t L1r e  c a n  o n l y  b e

a d d e d  o r  s u b t r a c t e d
,  

u
2 

c a n n o t  b e  s u b t r a c t e d Fr o m

d i m e n s i o n l e s s  c o n s t a n t 1 I t  s h o u  d  b e  d i v i d e d  b y  c
2 

s o  a s

t o  m a k e  i t  d i m e n s i o n l e s s H e n c e  th e  c o r r e c t e d  r e l a t i o n  i s

m -

3

V o l u  m  e  o f  o  n  e  a  t o m  =  : 冗 r
3

N o o f  a t o m s  i n  1 m o l e - 6 023 ×  1023

V o l u m e  o f  1 m o l e  o f  H a t o m s  =  N  ×  
4 

n r
3

- 6 023 × 1023
.  : .  3 14 ×  (0 5 × 10 "

) 3

- 3 154  × 10 7 
m

3
.  3 × 10- 7

.  
3

2 W O n e  m o te o f a n  i de a l  ga s  a t  S T P o c c u pi e s 22 4 L

W ha t  i s th e r a t io  o f m o t a r  u o l u m e t o  th e a t o m i c  u o ht m e o ï a  m o le

o f  ì1y d r o ge n  ? W hy  i s  th is  r a t io  s o  la rg e  ? Ta ke the r a d i u s  o f

hyd r o ge n  n zo lec u le  t o  be 1 Å

A n s R a d i u s  o f  a  h y d r o ge n  m o l e c u l e

1 - 10
10

.

A t o m i c  v o l u m e  o f  a  m o l e  o f  h y d r o ge n

A v o g a d r o
'

s  n o

x  V o l u m e  o f  a  h y d r o ge n  m o l e c u le

- 6 023 ×  10
23

.  
4 

×  3 14  ×  (10 " ) 
3

3

25 2 ×  10
7 

m
3

M o ta r  v o l u m e - 22 4 L  =  22 4 ×  10 3
.  

3

M o t a r  v o lu m e
_

,  

X

- 7 
=  0 89 ×  104

.  10
4

A t o m i c  v o lu m e  25 2 ×  10

T h i s  r a t i o  i s  l a r g e  b e c a u s e  t h e  a c t u a l  s i z e  o f  th e  ga s

m o l e c u l e s  i s  n e g l i g i b l y  s m a l l  i n  c o m p a r i s o n  w i th  t h e

i n t e r m o l e c u l a r  s e p a r a t i o n

2 18 Ex p la in  1o hy  o 71 lo o k in g t ìï r o 1Bg l1 t i t e  1u i n do w  o f  a Ta s t

not i ng t r a i n
,  

t he n e a r by t r ee s  a n d e l ec t r i c  po l es  e t c APPe a r  t o

n u 1 in  di r e c t io n  o ppo s it e  t o  tha t  o f m o  t io n  of  t he t r a i n ,  
w h i le f . "

o F ì1o u s es ,  
h i l l to ps ,  

M o o n ,  
s ta r s  e t c Appea r  s ta t io n a r y

A n s T h e  l i n e  jo i n i n g  th e  o b je c t  a n d  th e  e y e  i s  c a l le d

th e  l i n e  o f  s l i gh t T h e  d i r e c t i o n  o f  th e  l in e  o f  s i gh t  o f  th e

n e a r b y  o b je c t s  l i k e  t r e e s
,  p o l e s  e t c c h a n ge s  v e r y  r a p i d ly

d u e  t o  f a s t  m o t i o n  o f  th e  t r a i n  a n d  a c c o r d i n g ly  th e y

a p p e a r  t o b e  m o v i n g o p p o s i t e  t o  t h e  d i r e c t i o n  o f  m o t io n  o f

th e  t r a i n B u t  t h e  l in e  o f  s i gh t  o f  a  d i s t a n t  o bje c t  a l m o s t

d o e s  n o t  c h a n g e  i t s  d i r e c t i o n  d u e  t o  i t s  e x t r e m e ly  l a r g e

d i s t a n c e  f r o m  th e  e y e H e n c e  t h e  d i s t a n t  o bje c t s  l i k e

h i l l t o p s
,  

m o o n
,  

s t a r s  e t c A p p e a r  s t a t i o n a r y

2 1 9 A  p a r se c  is  a  c o n u e Tt ie n t  u n i t  o f  1e ?1g tl1 o n  t i re

a s t r o n o T?zL cn l t 1l e t 1 i .  Tì,  d i " " 1 c e  gf . .  1 o biec  t  th' " i " X
pa r a l l a x o f 1 (s e c o n d ) o f a Tc  l r o ?n  pp o s  i t e e n s  oï 只 ba s e l i n e

e q t 1a l  t o  t  e  d is t a n c e  Tr om t i l e  ea r t ì1 t o  t ì1e  s t1n H o w  n 1u c n  15

pa r s e c  i n  t e r m s o í m e t r e s  T

A n s o n e  p a r s e c  i s  t h e  d i s t a n c e  a t  w h i c h  a n  a r c  o f

l e n g th  1 A u  m a k e s  a n  a n g l e  o f  1 s e c o n d  o f  a n  a r c
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A r c  1 1 2 22 Fu s t  a s  p r e c is e  m e a s u r e m e n ts  a r e  n e c e s s a r y  i 11A s  e (r a d ) =  

Ra d iu s

-

r  e s c ie n c e ,  
i t  is  e qu a l ly  i m po r ta n t  t o  be  a bte  t o  m a ke  r o u gh

t - 1 A u  =  1 496 ×  1o"
m  

e s t ia m t e s  o f  qu a n t i t ie s  u s i n g  r u d i m e n ta r y  i de a s a n d
H e r e  

c o m m o n  o bs e r u a t i o n s T71i n k  o f  1u a y s by  w h ic h y o u  c q n

e =  l s  o f  a r  c -
- r a d  

e s t i m a t e  t h e  fo t 1o w i n g (u ) he r e a n  e s t i m a t e i s  dif ic u l t t o60 ×  60  ×  180 
o b t a i n

,  
t r y t o  ge t  a n  u pp er  bo u n d o n  th e  qu a n t i t y )

- 4 85 ×  10 6 
r a d 

(a ) the  t o ta t m a s s  o f  r a i n be a r i n g  c l o u ds  o D e r  I n d ia  d u r i n g
] 496 ×  1041 

16 the  M o n s o o n

1 Pa r s e c - r -

4 85 ×  10 6
- 3 0 8 ×  1 0 '

m  

(b) t i l e  m a s s  o f  a n  e lepha n t

O r d e r  o f  m a gn i t u d e  o f  p a r s e c - 16 (c ) the  w i n d s pee d t ï u r i n g  a  s to r m

2 2 0 T he n ea r e s t s t a r  (A lpha  Ce n t a u r i) t o  o 1<r  s o ta r  sy s t e m  (d) t he m Bm be r  o ï  s t r a n ds  o f h a i r  o n  y o u 1,  he a d

pa r s e c  ? H o w  m u ch pa r a ì0a x  u Jo 1Bl d th i s  s t a r  sh o w  t uhe n  u iew ed 
(e) the n u m be r  o f  a i r  t n o ìec t t ìe s  i n  y o t Br  c l a s s r o o m

þ o m  t1u o  lo c a t io n s  o f  the ea r t l1 s ix  m o n ths  n pa r t  i n  i t s  o r bi t  
A n s (a ) T h e  a v e r a g e  r a i n f a l l  d u r i n g t h e  M o n s o o n  in

a r o 1t n d the  s u n  ? 
In d i a  i s  a b o u t  100 c m  o r  1 m

A n s A s  1 l i gh t  y e a r - 9 46 × 10"
.  

T o t a l  s u r f a c e  

3 3 × 106 k m
2

_ 3 3 × 10 6
.  ( 10 3 

m )
l p a r s e c  =  3 08 ×  10"

m  
3 3 × 10"

.  
2

D i s t a n c e  o f  A l ph a  C e n t a u r i  f r o m  t h e  e a r th  V o l u m e  o f  r a i n  w a t e r
,

S =  4 29 l i gh t  y e a r s - 4 29 × 9 46 × 10
"

m  V  =  A h =  3 3 × 10P .    × 1 m  =  3 3 × 10 "
m

3

-

4 29 ×  9 46 ×  10"

p a r s e c - 1 32 p a r s e c  

D e n s i ty  o f  w a t e r
,  P - 103 k g m

3

3 08 ×  10" H e n c e  t o t a l  m a s s  o f  r a i n b e a r i n g c l o u d s  o v e r  I n d i a
,

I n  a n  o r b i t  a r o u n d  th e  s u n
,  

t h e  d i s t a n c e  b e t w e e n  t h e  m  =  V p - 3 3 × 10Pz  
× 103

_ 3 3 × 1o " k g
t w o  l o c a t i o n s  o f  t h e  e a r th  s i x  m o n th s  a p a r t  (b) T o  e s t i m a t e  th e  m a s s  o f  a n  e l e ph a n t

,  c o n s i d e r  a

b =  D i a m e t e r  o f  th e  e a r th '

s  o r b i t  =  2 A U  b o a t  o f  b a s e  a r e a  A  i n  a  r i v e r L e t  x
1 

b e  t h e  d e p t h  o f  th e

P a r a l l a x  o f  t h e  s t a r
,  

b o a t  i n s i d e  w a t e r N o w  m o v e  t h e  e l e p h a n t  i n t o  th e  b o a t

e =  : -

132 p a r s e c

. ' 51 5 s o f  a r c v o l u m e  o f  w a t e r  d i s p l a c e d  b y  e l e p h a n t

2 2 1 P r e c is e  m ea s u r e m en  ts  of phy s ic a l  qu a n t i t ies  a r e  a  n e ed 
V - A (x

2 x
l )

o f  s c i e n c e Fo r  ex a m p le t o  a s c e r ta i n  t l1e  speed  o f  a n  a i r c r a p,  o n e  
A c c o r d i n g t o  A r c h i m e d e s

'

p r i n c i p l e
,  

m a s s  o f  t h e

m u s t  ìza u e  a n  a c c u r a t e  m e t l1o d t o  ß n d i t s  po s i t io n s  a t  c lo s e ly  
e l e p h a n t  i s

be h i n d the  d is c o u e r y  of  r a da r  i n  w o r ld w a r  I I T hi n k of d ïûe r e n t  

m - M a s s  o f  w a t e r  d i s p l a c e d  b y  th e  e l e ph a n t

e x a m p l e s  i n  m o de r n  s c ie n c e u tì1e r e  p r e c is e  m e a s u r e m e n t s  o f  
V p - A (x

2
x

l ) P

l e n g th
,  

t i 1n e ï n a s s  e t c A r e n eeded A l s o zu ì+e r e u e r  y o u  c a n g i t t e  

M a s s  o f  a n  e l e ph a n t  i s  a b o u t  103 k g

a  qu a n t i t a t íu e  idea  o f  t ì1e  p r e c is io n  t1e eded (c ) T h e  w i n d s p e e d  d u r i n g  a  s t o r m  c a n  b e  m e a s u r e d by

A n s So m e  o f  t h e  e x a m p le s  o f  m o d e r n  s c i e n c e
,  w h e r e  

Ho a t i n g a  g a s  f i l l e d  b a l l o o n  i n  a i r W h e n  t h e r e  i s  n o  w i n d

p r e c is e  m e a s u r e m e n ts  p l a y  a n  im p o r t a n t  r o le
,  a r e  a s  fo l l o w s  

s t o r m
,  s u PPo s e  t h e  b a l l o o n  i s  a t  v e r t i c a l  h e i gh t  OA  =  h

f r o m  t h e  g r o u n d D u e  t o  th e  w i n d  s t o r m
,  

s u p p o s e  th e1 E l e c t r o n  m i c r o c o p e  u s e s  a n  e l e c t r o n  b e a m  o f  b a l l o o n  m o v e s  t o  p o s i t i o n  B i n  a  s m a l l  t i m e  i n t e r v a l  t
,  

a s
w a v e l e n g t h  0 2 1  t o  s t u d y v e r y  m i n u t e  o b je c t s  l i k e  s h o w n  i n  F i g 2 16
v i r u s e s

,  
m i c r o b e s  a n d th e  c r y s t a l  s t r u c t u r e  o f

s o M s

2  T h e  s u c c e s s fu l  l a u n c h i n g o f  a r t i f i c i a l  s a t e l l i t e s  h a s

b e e n  m a d e  p o s s ib l e  o n ly  d u e  t o  t h e  p r e c i s e

t e c h n i q u e  a v a i l a b l e  f o r  a c c u r a t e  m e a s u r e m e n t  o f
t i m e i n t e r v a l s

3 T he  p r e c i s i o n  w i th  w h i c h  t h e  d i s t a n c e s  a r e

m e a s u r e d  i n  M i c h e l s o n M o r l e y  I n t e r f e r o m e t e r

h e lp e d i n  d i s c a r d i n g th e  i d e a  o f  h y p o t h e t i c a l
m e d i u m  e t h e r  a n d i n  d e v e l o p i n g th e  T h e o r y  o f
Re l a t i v i ty  by  Ei n s t e in  F i g 2 1 6

n d
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If e i s  th e  a n g l e  o f  d D f t  o f  th e  b a l l o o n
,  

t h e n  f r o m  r i gh t  A n g u l a r  d i a m e t e r  o f  Ju p i t e r
,

a【lgled b o A
, - 35 72 ·

.  
R 1  

°  
35 72

t a n o =  i i - ì [A B - "
,  s a y ] - 3600  

·  ,  a d

x - h t a n  e 
D i a m e t e r  o f  Ju p i t e r

,

o f D  =  S × O - 824 7 × 106
.  
W

.

He n c e  th e  w i n d  s p e e d  d u r i n g th e  s t o r m
,  3 6oo 18o

x  l1 t a n o 
1 4 28 × 105 k m

2 . 2 5 A  m a n  w a lk i n g br i sk ty  i Yt  r a i n  t o i th  spe e d 1)  m u s t  s l a n t

(d) Fi r s t  w e  c o u n t  t h e  s t r a n d s  o f  h a i r  o f  1 c m
2 

a r e a  o f  h is  u m br e l la  To n t Ta rd m a ki n g a n  a n g le  e w i th the  u a   t ic a l A

the he a d Th e n  b y  m u l t i p ly i n g i t  by  th e  t o t a l  a r e a  o f  th e  s t u de n t de r íu es  t l+e j o l l o w i n g r e la t i o n  be t 1o e e n  Oa n d u  ta n e  ·  u

he a d
,  

w e  c a n  e s t i m a t e  t h e  t o t a l  n u m b e r  o f  s t a n d s  o f  h a i r  a n d c he c ks  t i l a t  the  r e la t io n  ha s  a  c o r r e c t  l im i t  a s  u  0
,  

e > 0
,

o n  th e  h e a d I t s  o r d e r  o f  m a gn i t u d e  m a y  b e  a s  l a r ge  a s  108 
a s  ex pe c t e d (w e  a r e  a s s u m in g the r e  is  n o  s t r o n g u t i n d a n d tha t

(e) Th e  d i m e n s i o n s  o f  a  t y p i c a l  c l a s s r o o m  a r e  t ì+e  r a i n  Ja i l s  u e r t i c a l ly j o r  a  s t a t io n a r y  m a n ) D o  y o u  t h i n k th is

8 m  x  6 m  x  4 m  r e ta t to n  c a n  be  c o r r e c t  ? I f  n o t
,  g u es s  a t  the  c o r r e c t  r e l a t io n

V o l u m e  o f th e  c l a s s  r o o m  =  8 ×  6 ×  4 =  19 2 m
3 A n s Si n c e  t r i g o n o m e t r i c  f u n c t i o n s  a r e  d i m e n s i o n l e s s ,

N o w  o n e  m o l e  o f  a i r  m o l e c u l e s  o c c u p y  a  v o l u m e  o f  [t a n  e] =  1

22 4 l i t r e s  o r  22 4 ×  10 3
.  

3 B u t  [1ì] =  L T 1

N u m b e r  o f  m o l e c u l e s  i n  22 4 ×  10 3
.  

3
D i m e n s i o n s  o f  L H S ¢  D i m e n s i o n s  o f  RH S

- 6 023 ×  10 23 

H e n c e  th e  g i v e n  r e l a t i o n  i s  d i m e n s i o n a l l y  w r o n g

6 023 ×  1023 
T h i s  r e l a t i o n  c a n  b e  c o r r e c t e d  b y  d i v i d i n g RH S b y  th e

-

n n  A 1  n 3 
×  192 =  5 1L6 ×  1026 

m o l e c u l e s  s p e e d '
U

'
O f  th e  r a i n f a l l So  th e  c o r r e c t e d  r e l a t i o n  i s

.

22 4 × 10
t a n  e =  

U

10
28 

m o l e c u l e s

2 23 T he s u n  i s  a ho t p+a s m a  (i o n i z ed m a t t e r ) w i t h i t s  i n n e r  2 2 6 I t  is c l a i m e d th a t  h o o  c e s i u m  c l o c k s ,  
ií  a l lo u ] e à t o  Tu n

co r e a t  a t em per a h Br e e x c e edi n g 107 K
,  

(1n  i t s  o t Bt e r  s u r fa c e a t a  fo r  100 y ea r s ,  f r e e f r o m  a n y d i s t BBr ba n c e ,  
m a y  diñe r  by o n ly

tem per a t u r e o f a bo u t  60 00 K A t  t he s e h igh t e m pe r a t u r e s  n o  a bo u t  0 02 s W ha t  do e s  th is  i m pl y fo r  th e  a c c u r a c y o í the

s u bs ta n c e r e t n a i n s  in  a  s o l id o r  l iqu id pha s e H1 u Tì1a t  r a n ge do  s ta n da r d c e s iu m  c lo c k i n  m e a s u r i n g a  t i m e i n  t e r u a l  o f  1 s  ?

yo u  ex pe c t  the n 1a s s  de n s i ty  of  t ì1e  s 1l n  t o  be  ? I n  t ìze  r a t 1ge  o f  A n s H e r e  M  =  o o2 s ,

en s i t ies o f s o l ids  a n d l i qu i ds  o r  ga s e s ? C hec k  ií  y o u r  g u s  i s

co r r ec t j r o n 1 t11e j o l to u Jin g da t a  m a s s o f the  s u N - 2 0 ×  10 " kg,  
t  =  100 y e a r s - 100 ×  365 25 ×  86

,  
400 s

r adi u s o f  the  s u n - 7 o ×  108
.  F r a c t i o n a l  e r r o r

A n s M a s s  o f  t h e  s u n
,  

M  =  2 0 ×  1030 k g
.  

< t
.  

0 02
.  0 63 ×  10 11

R a d i u s  o f  th e  s u n
,  

R =  7 0 ×  108
.  

t  100 ×  365 25 ×  86400

V o l u m e  o f  t h e  s u n ,  
s o  th e r e  i s  a n  a c c u r a c y  o f  1o 11 

p a r t  i n  l s  o r  l s  in  1071
.

v -

4 
Tt R3

_

4
.  x  (7 o  ×  1o 8 V 2 27 Es t im a t e the a u e r a ge  de n s i t y o f a  s o diu m  a to m

3 3 a s s 1Bm i n g i ts  r a d iu s  to  be  a bo u t  2 5 Â Co m pa r e  i t  1u i th t l1e

- 1 437 ×  1027
.  

3 
de n s i ty  o f s o d i u m  i n  c w s t a l l in e  pìm s e 970 kg m

3 A r e  the  t i d o

D e n s i ty  o f t h e  s u n
,  de n s i t ie s  o f  the  s a m e  o r de r  o f  m ag n i t u de ? I Fs o ,  

w i1y  ?

M  2 0 ×  1030 
A n s R a d i u s  o f  a  s o d i u m  a t o m ,

P -

ï
-

1 437 × 1027 
T .  2 5 l .  2 5 × 10

10
.

=  139 1 8 k g m
3 1 4 × 103 k g m

3

Th e  d e n s i ty  o f  t h e  s u n  i s  i n  th e  r a n ge  o f t h e  d e n s i t i e s  o f  
V o l u m e  o f  a  s o d i u m  a t o m ,

the  s o l id s  a n d l i q u i d s  b u t  n o t  g a s e s T h e  h i gh  d e n s i ty  i s  V  =  

4 
Tcr

3
.  

4
.  x (2 5 ×  10

" ) 
3

du e  t o  th e  i n v a r d  g r a v i t a t i o n a l  a t t r a c t i o n  o n  t h e  o u t e r  
3 3

. - ' "  a u e  t o  th e  i n w a r d  l a y e r s  o f  t h e  s u N

M a s s  o f ,  s o  u m m

kiB k  W h e n the p .a n e t J呷 i t eT i s a t a di s t a n c e o í 824 7 m i l l io n

. 2 s-
, w un g u t u ,  r t u ï r 1 c B c " " ' "

 A

v o g a d r o '  nu m b e r -
72 s  o f  a r c c a l c u l a te  t ì1e  d ia m e t e r  o f  I u p i t e r

n s D i s t a n c e  o f  Ju p i t e r  f r o m  t h e  e a r th
,

.  3 82 ×  10
23 

g - 3 82 ×  10
26 kg

S .  824 7 × 10 6 k m

U
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A v e r a ge  d e n s i ty  o f s o d i u m  a t o m  A n s H e r e  t  =  2 56 s ,  
c - 3 ×  108 

m s
1

M a s s  3 82 ×  10
26 

Ra d i u s  o f  t h e  l u n a r  o r b i t  a r o u n d  t h e  e a r th

V o lu m e  65 42 ×  10 .  D i s t a n c e  o f  t h e  m o o n  f r o m  t h e  e a r th

- 0 58 *  10 3 k g m
3 

.  - 3 84 × 108
.

D e n s i ty  o f  s o d i u m  i n  c r y s t a l l in e  p h a s e  2

- 970 k g m
3

.  0 970 ×  103 k g m
3 

2 3 0 A  SO N A R  (SOU n d N a t t ig a t io n  a n d Ra n g in g) u ses

H e n c e  t h e  a v e r a ge  m a s s  d e n s i ty  o f  s o d iu m  a t o m  a n d  u l t r a s o n ic  zu a u es  t o  de t e c t  a n d lo c a t e  o bìe c ts  u n de r  w a ter In  a

t h e  d e n s i ty  o f c r y s t a l l i n e  s o d i u m  a r e  o f  th e  s a m e  o r d e r  o f  s u b1n a r i n e  e qu ippe d u t i t ì1 a  SON A R
,  

tì+e  t im e  de la y  be tu tee?1

m a gn i t u d e  (103) Th i s  i s  b e c a u s e  s o d i u m  a t o m s  i n  g e n e r a t io 11 o f   ·  p r o be  t u a u e  a n d the  r e c ep t io n  o f  i ts ec ho  a fta

r ef0ec t io n j ï o m  a n  e n ern y s u bm a r i n e i s l o u n d to  be 77 s Wha t is
c r y s t a l l in e  p h a s e  a r e  c lo s e l y  p a c k e d 

the  d is t a n c e  o f  the  e n e m y  s u bm a r i n e  ?

fe r m i  : 1 f  =  10 15  
111 N u c lea r  s i z es o bey r o u gh ly the fo l lo w in g 

(SPe e d o ï  s o t Bn d i n  w a t e r - 1450 m s
'
)

e Jn p i r i c a l  r e la t i o n  T - r
o 

A 1/ 3 
1u he r e r  is  the  r a di u s  o f  t i t e  

A n s H e r e  t  =  77 s
,  

c - 14 50 m s
1

n u c le 11s ,  
A  i ts m a s s n u m be r  a n d ' o 

is a  c o n s ta n t  e qu a l t o  a bo u t  D i s t a n c e  o f  e n e m y  s u b m a r i n e

1 2 f Sh o . BJ t ha t  the T u l e  i m p l ies  t ha t  n u c le a r  m a s s  a en s i ty i s  
_

1450 ×  77
_ 5582 5 m

n ea r ty  c o n s t a n t  Jo r  dijJe r e n t n u c le i Es t i m a t e t he m a s s  de n s i ty 2  2

o ï s o d iu m  n u c l eu s Co m pa r e i t  w i t h t he a u er a ge  n u 1s s  t i e n s i ty o ï
. 31 T h e fa r t he s t o bj e c t s  (kn o w n  a s  qu a s er s) in  o u T

a  so dh Bm  a t o m  o bt a i n ed i n  Ex er c i s e 2 27 
u n h ì e r s e a r e s o  di s t a n t  th a t l igh t  e m i t te d by the m  t a ke s  b il l io n  o5

A n s R a d i u s  o f  a  n u c le u s ,  r - T
o  

A " 3 

y e a r s  t o  r e t1c 11 the  e a r t l1 w i+a t  is  the  d i s ta n c e  i n  km  o f  a  qu ase r

hi<a s s  n u T+ib e r  A  f r o m  u l h i c h t igl t t  t a kes  3 0 bi0ì io n  ye a r s  t o  r ea ch u s  ?

M a s s  o f  a  n u c l e u s  
A v o g a d r o

'

s  n u m be r  N
A  

A n s H e r e  t  =  3 o b i l l i o n  y e a r s

M a s s  o f  a  n u c le u s  3 0 ×  109 
×  365 25 ×  24 ×  60 ×  60 s

N u c le a r  m a s s  d e n s i t y -

v o l u m e  o f  a  n u c l e u s  Sp e e d o f  l i gh t
,  

c  =  3 ×  105 k m s
1

o r  
A - D i s t a n c e  o f  qu a s e r

P -

: .  ( '
0 

A " 3
) 
3

-

m  c t  =  3 × 105 
× 3 O × 109 

×  365 25 ×  24 ×  60 ×  60
5P 1  3 

2 84 × 1022 k m

A s  p i s  i n d e p e n d e n t  o f  A
,  s o  n u c l e a r  m a s s  d e n s i ty  i s  2 32 I t  is  a  1u e l l  k n o w n j a c t  tha t  d u r i r1g a  s o la r  ec l ipse the

s a m e  f o r  d i f fe r e n t  n u c le i  d is c  of  t i t e  m o o n  a l m o s t  c o m p le te ly  c o u e r s t ì1e  d i s c  o f  the s u n

Fo r  a  k i l o m o l e ,  F r o m  t ì1is  Ja c t  a n d Tr o m  the  i n fo r m a t io n  tha t  s u n
'
s a n g1Bla r

N
A

- 6 02 ×  1026
,  T

o
- 1 2 f  =  1 2 ×  10 15

.  
Dis ta n c e  a  is  m ea s u r ed t o  be  192 0 "

,  
de t e r m i n e  the  a pp r o x iy a te

3 
dia m e ter  o f the  m oo n Giu en  ea r th n 1o o n  d i s ta n c e  =  3 8452 ×  10 °  

m

P -

4 n  x 6 02 × 1026 
x (1 2 × 10 "

) 
3 A n s D u r i n g t o t a l  s o l a r  e c l i p s e

,  
th e  d i s c  o f  th e  m o o n

- 2 3 × 1o " k g m
3 

c o m p l e t e l y  c o v e r s  th e  d i s c  o f  th e  s u n
,  

s o  th e  a n gu la r

D e n s i ty  o f  s o d iu m  n u c l e u s  s h o u l d  a l s o  b e  

d i a m e t e r s  o f  b o th  t h e  s u n  a n d  t h e  m o o n  m u s t  b e  e qu a l

- 2 3 ×  1o " k g m
3

A n g u l a r  d i a m e t e r  o f  t h e  m o o n
,

F r o m  Ex e r c i s e  2 27
,  

d e n s i ty  o f  s o d i u m  a t o m  

e - A n gu l a r  d i a m e t e r  o f  th e  s u n

- 0 58 ×  103 kg m
3 

1920 "
.  1920 ×  4 85 ×  10 6 

r a d

N u c l e a r  m a s s  d e n s i ty  2 3 ×  10"
[  > .  4 85 ×  10

6 
r a di

A t o m i c  m a s s  d e n s i t y
-

0 58 ×  103
- 3 96 ×  10"

Ea r th m o o n  d i s t a n c e
,  

S - 3 845 2 ×  108
.

D i a m e t e r  o f  t h e  m o o n
,

N u c le a r  d e n s i ty  i s  ty p i c a l l y  10"
t i m e s  a t o m i c  d e n s i ty  

D - O ×  S - 1920 ×  4 85 ×  10 6 
×  3 8452 ×  108

o f  m a t t e r  3 581 ×  106
.  =  3 5 81 k m

2 2 9 A  1a se r  i s  a  s o u r c e of  u e r y in t en s e
,  m o n o c h r o m a t i c

,  

2 33 A  gr e a t phy s i c is t  o f  t h i s  c e n t u r y (p A M D i r a c) tou ed

a n a  u n ia i r e c t io n {ï l be a m o î t i gh t Thes e pr o per t ie s oí a  ta s e r t igh t p l :t y i n g w i t h n u Bn e r i c a l u a i u e s  oï  Fu n a m en t a l  c o n s t a n t s oí
c a n  be e x p0o i ted to  m e i1s u r e lo n g d i s t a n c es T he di s t a n c e o f the 

n a t u r e T h i s  t ed h im  t o  a l l  i n t e r e s t in g o bs e r u a t i o n D i r a c fot Bn d

M oo n  l r o m  the Ea r th ha s  bem  a Br ecrdy de te r m in e  u er y pr ec is ely  e l e c t r o n
,  m a s s  o f p r o t o n ) a n d th e gr a i Ji t a t io n a 1 c o n s t a r t t  G

,  
Ï tt

th a t l r o m  the  ba s i c  c o n s t a n t s o í  a t o m i c  phy s ic s  (c  c  ass of

t t s i n g .  ia s er  a s a  so u r c e o j tight a  laseright be a m ed a t  the  m o o n  c o u .d a r r iu e a t  a n u m be r  w i t h t h ; n Ýn t m s io n  o f  t im e f u r ther ,  
i t

ta kes  2 56 s  to  r e t u r n nft w  r epec t io n  a t  the m o o 11
'

s  s u r fa c e H o w  m a s ' " r y  l a r ge  n u m be r
,  

i t s

'

i t . .  d ,  be i n g c lo se to  the

m u ch i s  the r t tdi u s  o ï the l u n a r  o r bi t a y o t Bn d the e a r t h ? p r e s en t  e s t in i a t e o n  the  a ge  o ï  t he  u n iu e r s e  (-  15 bi l l io n  yea r s)
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f you  too ca n  c o n s t r u c t  this  n u m be r  (o r  t11ry o t ìï e r  in te r es t zn g 

Cl e a r ly ,  
th e  qu a n t i ty  T h a s  th e  d i m e n s i o n s  o f  t im e

n u m ber  yo 1B c a n  thin k 0 0f  i ts c o in c i en ce u } ith the a ge of the 
Pu t  G =  6 67 × 10 11 N m

Z k g
2

,  
c  =  3 × 108 

m s
1

u n iu er s e 1u er e  s ign ipc a n t
,  

u )ì1a t  1u o u l t i  t ì1is im p ly Jo r  tìï e  
e  ·  1 6 × 10 19 C

,  
m

,
- 9 I × 1o 3 1 

用  
p

- 1 67 × 1o 27 kg

con s ta n cy ofß1n da m e n t a l co n s ta n t  ? a n d _ 9 ×  109 N m  
2c 2

A n s u s in g b a s i c  c o n s t a n ts  s u c h a s  s p e e d o f  l igh t  (c ),  

4 n e
o

cha r ge  o n  e le c t r o n  (e),  
m a s s  o f  e le c t r o n  (m  ),  

m a s s  o f  [9 ×  109  
·  (1 6 ×  10 "

) 
2 
] 
2

c o n s r r u = t  u ì e  q u m Ln y ,  

_ 2 13 × 10"
s

,  =  9 )
'

.  

_

3 156 × 107 y e a r s  =  o 667 ×  109 
y e a r s

N o w  L】- L ,
'

_ [F r  
2 
] - 0 667 b i l l i o n  y e a r s

- [M L T 2 L 2 
] =  [M L 3T 2 

] 

Th i s  t i m e  i s  s l igh t ly  le s s  th a n  th e  a ge  o f  th e  u n iv e r s e

[M L 3T 2 
] 
2 

( ·  15 b i l l i o n  y e a r s ) I t  i m p l i e s  th a t  th e  v a lu e s  o f  th e

[T ] =  

[M 】[M ]   [L T '
] 3 

[M ' L3T 2 
]

- [T ] 
b a s i c  c o n s t a n t s  o f  ph y s i c s  s h o u l d c h a n g e  w i th m e
b e c a u s e  th e  a ge  o f  th e  u n i v e r s e  i n c r e a s e s  w i th  t im e

1  
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