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dQrFk~ smWkrNy 
 

                                                          2  
sm|x`v& @x_wQk vQq&`@vhQ qW aAXOvk E c`lk Xk~wQy ehQ p gm&w`v a$sE@rn~ E = p / 2m @ls lQvQy 
h#kQ bv s[hn~ @k@LmE. sm|x`v& @x_wQk@yhQ sQt k~@v`n~tm| @x_wQkyt y$@m| qW v#qgw~vn sAkl~pyk~ 
vnE@y~ aAXOvk @h`~ pq~{wQyk @h ~̀ h#mQl~@t ~̀nQy`nEv (Hamiltonian) yn~n y. s`{`rN pq~{wQyk~ s[h` 
h#mQl~@t ~̀nQy`nEv yn~nt ar~} q#k~vWmk~ a#wQ nmEqE e~ @w~r#m|kQrWmt wvw~ sAkl~p gNn`vk~ avX& b#vQn~ 
@mhQ qW e~ s[hn~ @n` @k@ryQ. e@hw~ pq~{wQy @h`~ aAXOv @h ~̀ sAs~}QwQk vn vQt, enm| e~ mw kYQy`krn 
b`hQr bl sAs~}QwQk vn vQt h#mQl~@t`~nQy`nEv pq~{wQ@yhQ @h`~ aAXO@vhQ @h`~ c`lk Xk~wQ@yhQ h` vQxv 
Xk~wQ@yhQ @ek&yt sm`n @vyQ. h#mQl~@t`~nQy`nEv, c`lk Xk~wQy h` vQxv Xk~wQy pQLQ@vLQn~ H, T h` V 
@ls gw~vQt e~ sm|bn~{y H = T + V a`k`r@yn~ lQvQy h#kQ y. klQn~ apQ c`lk Xk~wQy E @ls lQv|@vmE. 
ey T @ls @n`lQv|@v| a#yQq#yQ smhrvQt ymkOt pYX~nyk~ vWmt id a#w. eyt @h~wOv klQn~ avs~}`@vhQ ap 
e~ bv pYk`XQwv s[hn~ @n`kL q ehQ qW ap nQqhs~ aAXOvk~ s#lkWm y.  
 
nQqhs~ aAXOvk~ mw b`hQr blyk~ kYQy` @n`kryQ. evQt aAXOvt vQxv Xk~wQyk~ n#w. aAXOvkt @h`~ 
pq~{wQykt @h ~̀ vQxv Xk~wQyk~ l#@bnE@y~ e~ mw sAs~}QwQQk bl kYQy`krn avs~}`vk y. nQqhs~ aAXOvk~  
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s[h` vQxv Xk~wQyk~ @n`m#wQ b#vQn~ ev#nQ avs~}`vk qW H = T = E  = p / 2m @vyQ. E yn~@nn~ 
s`m`n&@yn~ aqhs~ @k@rn~@n~ c`lk Xk~wQ@yhQ h` vQxv Xk~wQ@yhQ @ek&y @vyQ. e@hw~ @mhQ qW e~ c`lk 
Xk~wQy pmNk~ @vyQ. q#n~ k`ht @h`~ pYX~nyk~ vnE a#w~@w~ H h` E @q@kn~m T + V h#[Qn~@vn~@n~ nm| H 
ynE@vn~ aUw~ sA@k~wyk~ avX&vn~@n~ kOmk~ s[h` q yn~n y. eyt @h~wOv H ynE s`m`n&@yn~ T + V 
@n`vWmw~ ey vQ@X~; avs~}`vl qW pmNk~ e~ agy gn~n` bvw~ y. k~@v`n~tm| @x_wQk vQq&`@vhQ qW @myt 
wvw~ @h~wOvk~ @vyQ. ehQ qW h#mQl~@t`~nQy`nEv ynE Xk~wQyk~ @n` @vyQ. k~@v`n~tm| @x_wQk vQq&`@vhQ qW 
h#mQl~@t ~̀nQy`nEv k`rkyk~ (Operator) @vyQ. k`rkyk~ g#n kw`kQrWmt pLmEv sAs~}QwQk bl yt@w~ 
clny vn aAXOvk~ s[h` H lQyn a`k`ry g#n av@b ~̀{yk~ lb`gw yEwO y. 
 
aAXOvk~ mw sAs~}QwQk bl kYQy`krn vn vQt eyt V vQxv Xk~wQyk~ @vyQ. evQt E = T + V @vyQ. nmEw~ T  
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ynE c`lk Xk~wQy b#vQn~ e~ pYk`Xny E = p   /2m  + V @ls lQvQy h#kQ y. e@mn~ m H q T + V b#vQn~    
               2 

apt H = p   /2m  + V pYk`Xny q l#@byQ. k~@v`n~tm| @x_wQk vQq&`@vhQ nQv|@t`~nWy @x_wQk vQq&`@vhQ 
@mn~ clQw smWkrN @n` lQy#@vyQ. k~@v`n~tm| @x_wQk@yhQ qW v#qgw~vn~@n~ ;~rHdQAgr~ smWkrNy y. e~ 
smWkrNy k`l pr`yw~w h` k`l s~v`yw~w ynE@vn~ s~vrHp @qkk~ gnQyQ. k`l s~v`yw~w ynE@vn~ 
smWkrNy h#[Qn~@vn~@n~ aAXOv @h`~ pq~{wQy @h`~ mw kYQy`krn b`hQr bl k`l@yn~ s~v`yw~w vR avs~}`@vhQ 
qW y. k`ly smg bl @vns~vn~@n~ nm| evQt @y`q`gw yEw~@w~ k`l pr`yw~w smWkrN y.  
 
k`l s~v`yw~w avs~}`@vhQ qW @mn~ m k`l pr`yw~w avs~}`@vhQ qW q aAXOv @h`~ pq~{wQy @h ~̀ wrAg XYQwy 
y#yQ h#[Qn~@vn ym|kQsQ XYQwykQn~ nQr$pNy @k@ryQ. @m| XYQw avk`X@yhQ h` k`l@yhQ XYQw bv pmNk~ q#n 
sQtWm @mhQ qW pYm`Nvw~ @vyQ. XYQwy ψ ynE@vn~ lQyEv@h`w~ @myQn~ kQyn~@n~ avk`X KN~d`Ak vR x, y, z, h` t 
k`ly a#sE@rn~ ψ lQvQy h#kQ bv y. gNQw@y~ sA@k~w x`vQw`krn~@n~ nm| ey ψ = ψ (x. y, z, t) @ls 
lQvQy h#kQ y. ψ  k`l@yn~ s~v`yw~w nm| ey ψ = ψ (x. y, z) @ls x, y  h` z hQ pmNk~ XYQwyk~ @ls 
lQynE l#@byQ.          
 
k~@v`n~tm| @x_wQk@yhQ vQvQ{ vQvrN anEv apt nQrW]NykL h#kQ q$, enm| nQrW]& (observables), 
k`rk mgQn~ nQr$pNy @k@ryQ. apQ aAXOvk~ gnQmE. @m| aAXO@v| Xk~wQy nQrW]Ny kQrWmt apt avX& y#yQ 
sQwmE. enm| apt aAXO@v| Xk~wQy m#ng#nWmt avX& y#yQ sQwmE. aAXO@v| Xk~wQy m#ng#nW@mn~ psEv apt e~ 
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s[h` ym| agyk~ l#@byQ. k~@v`n~tm| @x_wQk vQq&`@vhQ upgYhNvlt (postulates) anEv apt m#nW@mn~ 
l#@bn agy kl~wb` nQX~cQwv @n` kQvh#kQ y. apt kQvh#k~@k~ ym| agyk~ l#bWmt ym| sm|x`vQw`vk~ 
wQ@bn bv y. e~ l#bWmt a#wQ agy kv@r~q yn~n q#ngwh#k~@k~ ;~rHdQAgr~ smWkrNy ynE@vn~ h#[Qn~@vn 
smWkrNyk~ vQs[W@mn~ y.  
 
;~rHdQAgr~ smWkrNy k`l s~v`yw~w h` k`l pr`yw~w ynE@vn~ s`m`n&@yn~ a`k`r @qkk~ gnQyQ. k`l 
s~v`yw~w avs~}`@vhQ qW e~ smWkrNy H ψ = E ψ  ynE@vn~ lQy#@vyQ. @mhQ H ynE aAXO@vhQ 
h#mQl~@t ~̀nQy`nEv vn awr ey q ψ q k`l@yn~ s~v`yw~w @vyQ. @m| smWkrNy vQs[Wm s[h` @qnE lbn~@n~ 
H pmN y. ψ @mn~ m E q smWkrNy vQs[W@mn~ lb`gw yEwO@vyQ. @m| smWkrN@yhQ H ynE k`rkyk~ @vyQ. 
e~ h#mQl~@t ~̀nQy`nE k`rky y. h#mQl~@t ~̀nQy`nE k`rky wrAg XYQwy mw @yqW@mn~ aAXO@v| Xk~wQyt gwh#kQ 
agy s[h` vQs[Em| E mgQn~ l#@byQ. Xk~wQy nQr$pNy krn k`rky wrAg XYQwy mw @yqW@mn~ Xk~wQyt 
gwh#kQ agy g#n av@b`~{yk~ lb`gw h#kQ@v| y yn~n @mhQ qL aqhs @vyQ. e~ agy lb`gn~@n~ k`l 
s~v`yw~w ;~rHdQAgr~ smWkrN@y~ vQs[Em| @ls y. e~ agy r`XQyk~ wQbQy h#kQ y. aAXO@v| Xk~wQy m#n~@n`w~ 
l#bQy h#k~@k~ @m| agyn~@gn~ ekkQ. e~ o|n$m agyk~ l#bW@m| ym|kQsQ sm|x`vQw`vk~ @vyQ. k`l s~v`yw~w 
avs~}`@v| qW e~ smWkrNy vQs[W@m| g#tUvk~ n#w. e@hw~ k`l pr`yw~w avs~}`@vhQ qW wrmk g#tUvkt 
mEhENqWmt sQqE@vyQ.  
 
k~@v`n~tm| @x_wQk vQq&`@vhQ E Xk~wQy h` p gm&w`v s[h` avkl pYk`Xn @vyQ. wrAg XYQwy avk`X 
KN~d`Ak anEbq~{@yn~ avklnykQrW@mn~ gm&w`v q e~ XYQwy k`ly vQ;y@yhQ avklnykQrW@mn~ Xk~wQy q 
l#@byQ. e@hw~ @mhQ qW pYX~nykt mEhENp$mt sQqE@vyQ. k`l pr`yw~w ;~rHdQAgr~ smWkrN@yhQ vm|p#w~@w~  
            2  
a#wQ h#mQl~@t`~nQy`nE k`rk@yhQ p /2m ynE@vn~ pqyk~ @vyQ. enm| ehQ p hQ  vr~gj pqyk~ @vyQ. @mhQ 
@w~r#m @m| vr~gj pqy lb`g#nW@m| qW avk`X KN~d`Ak vQ;y@yhQ @qvrk~ avklny kLyEwO bv y. e@hw~ 
k`l pr`yw~w ;~rHdQAgr~ smWkrN@yhQ qkONE p#w~@w~ a#w~@w~ E vlQn~ e~kj pYk`Xnyk~ y. E lb`gn~@n~ 
wrAg XYQwy k`ly vQ;y@yhQ avklnykQrW@mn~ y. e@hw~ q#n~ E hQ e~kj pYk`Xnyk~ pmNk~ a#wQ b#vQn~ 
wrAg XYQwy k`l vQ;y@yhQ avklnykQrWmt a#w~@w~ ek~ vrk~ pmNk~ @vyQ.  
 
@mhQ wrmk g#tUvk~ a#wQ bv p#h#qQlQ vQy yEwO y. k`ly vQ;y@yhQ ek~vrk~ avklnykrn vQt avk`Xy 
vQ;y@yhQ @qvrk~ avklnykQrWmt sQqE@vyQ. @m| s`@p~]w`v`qyt pth#NQ @vyQ. s`@p~]w`v`qyt anEv 
k`ly h` avk`Xy awr smmQwQyk~ wQbQy yEwO y. @mhQ qW @m| g#tU@vn~ mQqQyh#kQ kYmyk~ @vyQ. e~  
         2 
E = p /  2m s`@p~]w`v`qW pYk`Xnyk~ @n`vn bv s[hn~kQrW@mn~ y. s`@p~]w`v`qW @n`vn hEqE 
nQv|@t ~̀nWy sm|bn~{w`vlQn~ lb`gn~n` pYk`Xnvl avk`Xy h` k`ly sm|bn~{@yn~ smmQwQyk~ 
bl`@p`@r`w~wO @n`vQy yEwO y#yQ kWmt h#kQ y.  
 
e~ wr~ky pQLQgw h#kQvEv q g#tUv mEUmnQn~m n#wQvW gQ@y~ y#yQ @n` sQwQyyEwO y. s`@p~]w`v`qW avs~}`@vhQ  
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E = p /2m yn~n @vnEvt a#w~@w~ E = c p + m c yn pYk`Xny y.  @m| pYk`Xn@yhQ E @mn~ m p s[h` q  
a#w~@w~ vr~gj pq y. eb#vQn~ k~@v`n~tm| k`rk @ls lQvW@m| qW e~ pq @qk pQLQ@vLQn~ k`ly vQ;y@yhQ h` 
avk`X KN~d`Ak vQ;y@yhQ @qvrk~ avklny kr pYk`Xn lb`g#nWmt h#kQ@vyQ. epmNt s`@p~]w`v`qW 
smmQwQkyk~ wQ@bn nmEw~ g#tUv vnE@y~ e~kj smWkrNyk~ lQvWm y. ;~rHdQAgr~ smWkrN@yhQ ek~ p#w~wk~  
lQy#@vn~@n~ E hQ e~kj pYk`Xnyk~ @ls y. @m| e~kj pYk`Xny k`rkyk~ @ls lQvW@m| qW k`ly anEbq~{@yn~ 
ek~ vrk~ pmNk~ avklnykQrWmt sQqE@vyQ. e@s~ nm| k`l pr`yw~w ;~rHdQAgr~ smWkrNy s`@p~]w`v`qW 
avs~}`@v| qW lQvW@m| qW avk`X KN~d`Ak sm|bn~{@yn~ q ek~vrk~ pmNk~ avklnykQrWmt sQqEvn @s~ 
smWkrNy sks~kr g#nWmt sQqE@vyQ.  
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bYQw`n& j`wQk @p`~l~ dQrFk~ nm| vQq~vw` wm av{`ny @y`mE@k@L~ @m| pYX~nyt y. ohE ehQ qW iw`mw~ vQp~lvWy 
aqhsk~ iqQrQpw~@k@L~ y. ohE@g~ aqhs p#h#qQlQvm kQvh#k~@k~ gNQw pYk`Xn @y`q`g#nW@mn~ y. e@hw~ 
q#ntmw~ gNQw pYk`Xn r`XQyk~ iqQrQpw~vW a#wQ @hyQn~ dQrFk~ vQq~vw` h[En~v`qEn~ pYk`Xny @mhQ lQy`q#k~vWm 
@y`~g& @n` @vyQ. e@hw~ kQvyEwOv a#w~@w~ dQr#k~ vQq~vw` n&`s (matrices) q a#sE@rn~ e~kj pYk`Xnyk~ 
lQvWmt smw~vR bv y. e~ e~kj pYk`Xnyk~ vWm h` k`ly h` avk`X KN~d`Ak sm|bn~{@yn~ smmQwQkvWm @mhQ 
qW v#qgw~vn kr#NE @vyQ. dQrFk~ vQq~vw` e~ k`r~yy kQrWm s[h` ek~wr` a`k`rykQn~ gw@h`w~ 
s`@p~]w`v`qW avs~}`@vhQ l#@bn k`l pr`yw~w ;~rHdQAgr~ smWkrNy vr~gj pYk`Xnyk~ @ls @gn ehQ 
s`{k @svW y. ohE @m| s`{k @s`y`gw~@w~ n&`s q a`{`r krgnQmQn~ y.  
 
dQrFk~ vQq~vw` vQsQn~ mElQn~ m lQyn lq s`@p~]w`v`qW ;~rHdQAgr~ smWkrNy vr~wm`n@yhQ qW ohE@g~ nmQn~ 
dQrFk~ smWkrNy @ls h#[Qn~@vyQ. e@hw~ e~ smWkrNy h` s`@p~]w`v`qW @n`vn smWkrNy awr 
anErHpw`vk~ n#w. ym|kQsQ a`k`ryk k^wYQm bvk~ ehQ q#kQyh#kQ y. e@s~ vEv q dQrFk~ smWkrNy bthQr 
@x_wQk vQq&`@v| a#wQ v#qgw~ m smWkrNvlQn~ ekk~ @vyQ. ey k~@v`n~tm| @]wY pYv`qy (Quantum Field 
Theory) ynE@vn~ h#[Qn~@vn pYv`q@yhQ mRlQk smWkrNy @vyQ. e~ pYv`qy sms~w bthQr @x_wQk vQq&`@vhQ 
m vd`w~m s`r~}k pYv`qy @ls h#[Qn~@vyQ. e@hw~ @m| smWkrNy lb`g#nW@m| qW k~@v`n~tm| @x_wQk vQq&`v 
h` s`@p~]w`v`qy ek~kQrWmt sQqEvQy. e@hw~ @m| ek~kQrWm q`r~XnQk h` @vnw~ g#tUvlQn~ mQqW n#wQ bv 
pmNvw~ kQvyEwO y.  
 
mh`c`r~y nlQn~ q sQl~v` 
 
 
 
 


