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myF-2: mZtpd; Fthz;lk; ,af;ftpay; khjpup 
 

jd; kjpg;gPL tpdh tpilfs; 

1.1.1.1. 1 keV    mOj;j NtWghl;lhy; mikjp epiyapypUe;J KLf;Ftpf;fg;gl;l xUmOj;j NtWghl;lhy; mikjp epiyapypUe;J KLf;Ftpf;fg;gl;l xUmOj;j NtWghl;lhy; mikjp epiyapypUe;J KLf;Ftpf;fg;gl;l xUmOj;j NtWghl;lhy; mikjp epiyapypUe;J KLf;Ftpf;fg;gl;l xU    
vyf;l;uhdpd; bvyf;l;uhdpd; bvyf;l;uhdpd; bvyf;l;uhdpd; b−−−−gpuhf;sp miy ePsj;jpidf; fzf;fpLf.gpuhf;sp miy ePsj;jpidf; fzf;fpLf.gpuhf;sp miy ePsj;jpidf; fzf;fpLf.gpuhf;sp miy ePsj;jpidf; fzf;fpLf.    
vyf;l;uhdpd; KLf;f kpd; mOj;jk; = 1 keV    
vyf;l;uhdpd; ,af;f Mw;wy; = KLf;fk; ngw;w vyf;l;uhdpd; kpd; mOj;jj;jhy; 
Vw;gLk; Mw;wy; 

21
mV = eV

2
    

mV2 = 2eV 
‘m’My; ngUf;f 
m2V2 = 2meV 

mV = 2meV  ... (1)    

b-gpuhf;Ns miyePsk; 
h

λ =
mV

 ... (2) 

rkd;ghL (1)I (2)y; gpujpapl 

h
λ =

2meV
 

-34

-31

6.626×10 JS
λ =

2×9.1×10 ×1keV
 

= 
-34

-31 33 -19

6.626×10

2×9.1×10 kg ×1×10 ×1.6×10 kg
 

λ = 3.88 × 10-11 m.    

2. xU vyf;l;uhdpd; jpirNtfj;ij mstpLtjpy; epr;rakw;wj;2. xU vyf;l;uhdpd; jpirNtfj;ij mstpLtjpy; epr;rakw;wj;2. xU vyf;l;uhdpd; jpirNtfj;ij mstpLtjpy; epr;rakw;wj;2. xU vyf;l;uhdpd; jpirNtfj;ij mstpLtjpy; epr;rakw;wj;    jd;ikjd;ikjd;ikjd;ik    5.7 ×××× 105    ms-1-1-1-1....    
vdpy; mjd; epiyapy; fhzg;gLk; epr;rakw;wj; jd;ikiaf; fzf;fpLf.vdpy; mjd; epiyapy; fhzg;gLk; epr;rakw;wj; jd;ikiaf; fzf;fpLf.vdpy; mjd; epiyapy; fhzg;gLk; epr;rakw;wj; jd;ikiaf; fzf;fpLf.vdpy; mjd; epiyapy; fhzg;gLk; epr;rakw;wj; jd;ikiaf; fzf;fpLf.    
∆V = 5.7 × 105 ms-1 m = 9.1 × 10-31 kg 
∆x = ? 

-24
2 -1h 6.626×10

= kgm s
4π 4×3.14

 

-35h
= 5.28×10

4π
 

n`a;rd;gHf; epr;rakw;w nfhs;if ∆x. m∆V ≥ 
h

4π
 

 
h

Δx
4 ×mΔV

≥
π

 ≥ 
-35 2 -1 35

-31 5 -1 26

5.28×10 kgm s 5.28 10

9.1×10 kg×5.7×10 ms 51.87 10

−

−

×≥
×

 

 ∆x ≥ 1.017 × 10-10m 

3. 4tJ Mw;wy; kl;lj;jpy; (3. 4tJ Mw;wy; kl;lj;jpy; (3. 4tJ Mw;wy; kl;lj;jpy; (3. 4tJ Mw;wy; kl;lj;jpy; (n = 4) vj;jid MHgpl;lhy;fs;4) vj;jid MHgpl;lhy;fs;4) vj;jid MHgpl;lhy;fs;4) vj;jid MHgpl;lhy;fs;    ,Ug;gjw;F tha;g;G,Ug;gjw;F tha;g;G,Ug;gjw;F tha;g;G,Ug;gjw;F tha;g;G    
cs;sJ?cs;sJ?cs;sJ?cs;sJ?    
n = 4 l = 0, 1, 2, 3 
4tJ Mw;wy; kl;lj;jpy; (n = 4) cs;s Mh;gpl;lhy; vz;zpf;if = n2 = 42 = 16 

log kjpg;Gkjpg;Gkjpg;Gkjpg;G    
5.28 0.7226 (-) 

51.87 1.7149 
 1 .0077 

Antilog( 1.0077) = 1.017 × 10-1 
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4.4.4.4.    3d    kw;Wk;kw;Wk;kw;Wk;kw;Wk;    4f MHgpl;lhy;fspy; fhzg;gLk; Mu kw;Wk; Nfhz fZf;fspd;MHgpl;lhy;fspy; fhzg;gLk; Mu kw;Wk; Nfhz fZf;fspd;MHgpl;lhy;fspy; fhzg;gLk; Mu kw;Wk; Nfhz fZf;fspd;MHgpl;lhy;fspy; fhzg;gLk; Mu kw;Wk; Nfhz fZf;fspd;    
vz;zpf;ifapidf; fzf;fpLf.vz;zpf;ifapidf; fzf;fpLf.vz;zpf;ifapidf; fzf;fpLf.vz;zpf;ifapidf; fzf;fpLf.    (SEP 20) 

MHgpl;lhy;MHgpl;lhy;MHgpl;lhy;MHgpl;lhy;    n l 
Muf;fZMuf;fZMuf;fZMuf;fZ 

n-l-1 
Nfhzf;Nfhzf;Nfhzf;Nfhzf;fZfZfZfZ l 

nkhj;nkhj;nkhj;nkhj;j fZf;fs;j fZf;fs;j fZf;fs;j fZf;fs; 
n-1 

3d 3 2 0 2 2 
4f 4 3 0 3 3 

 

5. i`l;u[d;  mZtpy;  cs;s  xU  vyf;l;uhdpd;  mbepiy  Mw;wy;5. i`l;u[d;  mZtpy;  cs;s  xU  vyf;l;uhdpd;  mbepiy  Mw;wy;5. i`l;u[d;  mZtpy;  cs;s  xU  vyf;l;uhdpd;  mbepiy  Mw;wy;5. i`l;u[d;  mZtpy;  cs;s  xU  vyf;l;uhdpd;  mbepiy  Mw;wy;    −−−− 13.6 eV....    
,uz;lhtJ fpsHTw;w epiyapy; ,e;j vyf;l;uhdpd; Mw;wy; vd;d?,uz;lhtJ fpsHTw;w epiyapy; ,e;j vyf;l;uhdpd; Mw;wy; vd;d?,uz;lhtJ fpsHTw;w epiyapy; ,e;j vyf;l;uhdpd; Mw;wy; vd;d?,uz;lhtJ fpsHTw;w epiyapy; ,e;j vyf;l;uhdpd; Mw;wy; vd;d?    

n 2

13.6
E = eV

n

−
    

,uz;lhtJ fpsHTw;w epiyf;F 

n = 3; E3 = 
13.6

eV
9

−
 = -1.51 eV 

6.6.6.6.    Fe3+ (Z = 26), Mn2+ (Z = 25) kw;Wk; MHfhd; (kw;Wk; MHfhd; (kw;Wk; MHfhd; (kw;Wk; MHfhd; (Z = 18) Mfpatw;wpd; rpWkMfpatw;wpd; rpWkMfpatw;wpd; rpWkMfpatw;wpd; rpWk    
Mw;wy; epiyapy; fhzg;gLk; jdpj;j vyf;l;uhd;fspd;  vz;zpf;ifapidf;Mw;wy; epiyapy; fhzg;gLk; jdpj;j vyf;l;uhd;fspd;  vz;zpf;ifapidf;Mw;wy; epiyapy; fhzg;gLk; jdpj;j vyf;l;uhd;fspd;  vz;zpf;ifapidf;Mw;wy; epiyapy; fhzg;gLk; jdpj;j vyf;l;uhd;fspd;  vz;zpf;ifapidf;    
fzf;fpLf.fzf;fpLf.fzf;fpLf.fzf;fpLf.    
Fe3+ d; vyf;l;uhd; mikg;G 
1s22s22p63s23p64s03d5 

d5 

     
5 jdpj;j vyf;l;uhd;fs;jdpj;j vyf;l;uhd;fs;jdpj;j vyf;l;uhd;fs;jdpj;j vyf;l;uhd;fs; 

Mn2+ d; vyf;l;uhd; mikg;G 
1s22s22p63s23p64s03d5 

3d5 

     
5 jdpj;j vyf;l;uhd;fs;jdpj;j vyf;l;uhd;fs;jdpj;j vyf;l;uhd;fs;jdpj;j vyf;l;uhd;fs; 

Ard; vyf;l;uhd; mikg;G 1s22s22p63s23p6 jdpj;j  vyf;l;uhd; ,y;iy. 

7.7.7.7. 4f2 vd;w FwpaPL czHj;Jk; nghUs; ahJ? ,jpy; cs;s vyf;l;uhd;fSf;F>vd;w FwpaPL czHj;Jk; nghUs; ahJ? ,jpy; cs;s vyf;l;uhd;fSf;F>vd;w FwpaPL czHj;Jk; nghUs; ahJ? ,jpy; cs;s vyf;l;uhd;fSf;F>vd;w FwpaPL czHj;Jk; nghUs; ahJ? ,jpy; cs;s vyf;l;uhd;fSf;F>    
ehd;F Fthz;lk; vz;fspd; kjpg;GfisAk; vOJf.ehd;F Fthz;lk; vz;fspd; kjpg;GfisAk; vOJf.ehd;F Fthz;lk; vz;fspd; kjpg;GfisAk; vOJf.ehd;F Fthz;lk; vz;fspd; kjpg;GfisAk; vOJf.    

4f2 

n = 4; l = 3, ml = −3, −2, −1, 0, +1, +2, +3 
-3 -2 -1 0 +1 +2 +3 

  
     

,U vyf;l;uhd;fSf;Fk; ehd;F Fthz;lk; vz;fs; 

n = 4 vyf;l;uhd; n l ml ms 
 1e- 4 3 -3 +1/2 
 2e- 4 3 -2 +1/2 
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8.8.8.8.    Ni2+    my;yJmy;yJmy;yJmy;yJ    Fe3+    mjpf epiyg;Gj; jd;ikAila vyf;l;uhd;mjpf epiyg;Gj; jd;ikAila vyf;l;uhd;mjpf epiyg;Gj; jd;ikAila vyf;l;uhd;mjpf epiyg;Gj; jd;ikAila vyf;l;uhd;    mikg;gpid ngw;Ws;sJmikg;gpid ngw;Ws;sJmikg;gpid ngw;Ws;sJmikg;gpid ngw;Ws;sJ    
vJ?vJ?vJ?vJ?    
Fe3+d; vyf;l;uhd; mikg;G  :d; vyf;l;uhd; mikg;G  :d; vyf;l;uhd; mikg;G  :d; vyf;l;uhd; mikg;G  :    1s22s22p63s23p64s03d5 

Ni2+d; vyf;l;uhd; mikg;G  :d; vyf;l;uhd; mikg;G  :d; vyf;l;uhd; mikg;G  :d; vyf;l;uhd; mikg;G  :    1s22s22p63s23p64s03d8 
Fe3+−rhpghjp epug;gg;gl;l 3d5 vd;w epiyahd vyf;l;uhd; mikg;ig ngw;Ws;sJ. 

 

kjpg;gPL tpdh tpilfs; 
 

rupahd tpiliaj; NjHT nra;frupahd tpiliaj; NjHT nra;frupahd tpiliaj; NjHT nra;frupahd tpiliaj; NjHT nra;f 

1. M2+ madpapd; vyf;l;uhd; mikg;G 1s2 2s2 2P6 3s2 3p6 3d6. mjd; mZ epiw 56 
vdpy; M vd;w mZtpd; mZf;fU ngw;wpUf;Fk; epA+l;uhd;fspd; vz;zpf;if 

 (m) 26  (M) 22   (,) 30   (<) 24 
tpil: (,) 30tpil: (,) 30tpil: (,) 30tpil: (,) 30    

    jPHT:jPHT:jPHT:jPHT:    M2+ = 1s2 2s2 2P6 3s2 3p6 3d6 
 M = 1s2 2s2 2P6 3s2 3p6 4s2 3d6 
 epa+l;uhd; vz;zpf;if = epiw vz; - mZ vz; = 56 – 26 = 30 
2. 45 nm miyePsk; cila xspapd; Mw;wy; 

 (m) 6.67 × 1015 J (M) 6.67 × 1011 J (,) 4.42 × 10-18 J (<) 4.42 × 10-15 J 

tpil: (,)tpil: (,)tpil: (,)tpil: (,) 4.42 ×××× 10-18J 

    jPHT:jPHT:jPHT:jPHT:    E = hυ = h
c

λ
 = 

-34 8 -1

-9

6.626×10 Js×3×10 ms

45×10 m
 = 4.42 × 10-18 J 

3. ,U fjpHtPr;rpd; Mw;wy;fs; E1 kw;Wk; E2 KiwNa 25 eV kw;Wk; 50 eV mitfspd; 

miyePsq;fs; λ1 kw;Wk; λ2 Mfpatw;wpw;F ,ilNaahdj; njhlHG 

 (m) 1

2

λ
= 1

λ
 (M) λ1 = 2λ2 (,) λ1 = 225×50λ  (<) 2λ1 = λ2 

tpil: (M)tpil: (M)tpil: (M)tpil: (M)    λλλλ1 = 2λλλλ2 

    jPHT:jPHT:jPHT:jPHT:    1

2

E 25eV 1
= =

E 50eV 2
    

1 2

hc hc 1
/ =

λ λ 2
    

    2

1

λhc 1
× =

λ hc 2
 2λ2 = 1λ1 

4. kpd;Gyj;jpy; epwkhiyf; NfhLfs; gpupifailAk; tpisT (MAY 22, MAR 19) 
 (m) rPkd; tpisT (M) kiwj;jy; tpisT (,) fhk;g;ld; tpisT (<) ];lhHf; 

tpisT 
tpil: (<) ];lhHf; tpisTtpil: (<) ];lhHf; tpisTtpil: (<) ];lhHf; tpisTtpil: (<) ];lhHf; tpisT    
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5. E = -2.178 × 10-18J (z2/n2) vd;w rkd;ghl;bd; mbg;gilapy;> rpy KbTfs; 
jug;gl;Ls;sd. mtw;Ws; rupahf ,y;yhjJ vJ? (NEET) 
(m) vyf;l;uhdhdJ xU MHgpl;bypUe;J kw;nwhU MHgpl;bw;F khWk;NghJ> 

Mw;wy; khWghl;bid fzf;fpl ,r;rkd;ghl;bidg; gad;gLj;jyhk;. 
(M) n = 6 tl;lg;ghijapy; ,Ug;gijf;  fhl;bYk; n = 1y; cs;s vyf;l;uhd; 

mjpf vjpHFwp Mw;wiyg; ngw;wpUf;Fk;. ,J vyf;l;uhdhdJ rpwpa 
mDkjpf;fg;gl;l MHgpl;by; cs;sNghJ typik Fiwthf  gpizf;fg;gl;Ls;sJ 
vd nghUs;gLk;. 

(,) ,r;rkd;ghl;by; cs;s vjpHFwpahdJ. mZf;fUNthL vyf;l;uhd; 
gpizf;fg;gl;Ls;sNghJ cs;s Mw;wyhdJ> vyf;l;uhd;fs; mZf;fUtpypUe;J 
<wpyhj; njhiytpy; cs;sNghJ ngw;Ws;s  Mw;wiyf;  fhl;bYk; FiwT. 

(<) nd; kjpg;G mjpfkhf ,Ug;gpd;> MHgpl;lhy; Mu kjpg;Gk; mjpfk;. 
tpil: (M)tpil: (M)tpil: (M)tpil: (M)    n = 6 tl;lg;ghijapy; ,Ug;gijf; fhl;bYktl;lg;ghijapy; ,Ug;gijf; fhl;bYktl;lg;ghijapy; ,Ug;gijf; fhl;bYktl;lg;ghijapy; ,Ug;gijf; fhl;bYk;; ;;    n = 1y; vyf;l;uhdhdJy; vyf;l;uhdhdJy; vyf;l;uhdhdJy; vyf;l;uhdhdJ    
mjpf vjpHFwp Mw;wiyg; ngw;wpUf;Fk;. ,J vyf;l;uhdhdJ rpwpa  mDkjpf;fg;gl;lmjpf vjpHFwp Mw;wiyg; ngw;wpUf;Fk;. ,J vyf;l;uhdhdJ rpwpa  mDkjpf;fg;gl;lmjpf vjpHFwp Mw;wiyg; ngw;wpUf;Fk;. ,J vyf;l;uhdhdJ rpwpa  mDkjpf;fg;gl;lmjpf vjpHFwp Mw;wiyg; ngw;wpUf;Fk;. ,J vyf;l;uhdhdJ rpwpa  mDkjpf;fg;gl;l    

MHgpl;by; cs;sNghJ typik Fiwthf gpizf;fg;gl;Ls;sJ vd nghUs;gLk;.MHgpl;by; cs;sNghJ typik Fiwthf gpizf;fg;gl;Ls;sJ vd nghUs;gLk;.MHgpl;by; cs;sNghJ typik Fiwthf gpizf;fg;gl;Ls;sJ vd nghUs;gLk;.MHgpl;by; cs;sNghJ typik Fiwthf gpizf;fg;gl;Ls;sJ vd nghUs;gLk;.    
6. NghH mZf;nfhs;ifapd; mbg;gilapy;> i`l;u[d; mZtpd; gpd;tUk; 

ve;jg; gupkhw;wk; Fiwthd Mw;wYila Nghl;lhidj; jUk;. 
 (m) n = 6,y; ,Ue;J n = 1 (M) n = 5,y; ,Ue;J n = 4 
 (,) n = 5,y; ,Ue;J n = 3   (<) n = 6,y; ,Ue;J n = 5 

tpil: (<)tpil: (<)tpil: (<)tpil: (<)    n = 6,y; ,Ue;J,y; ,Ue;J,y; ,Ue;J,y; ,Ue;J    n = 5 
    jPHT:jPHT:jPHT:jPHT:    n = 6 to n = 5 

 E6 = 
2

13.6

6

−
;   E5 = 

2

13.6

5

−
 

 E6 – E5 = 
2

13.6

6

 −    
 − 

2

13.6

5

 −    
 = 113.6 13.6

+ = 0.166 eV atom
36 25

−−
 

 E5 – E4 = 
2

13.6

5

 −    
 − 

2

13.6

4

 −    
 = 

13.6 13.6

25 16

− +  = 0.306 eV atom-1 

7. $w;W$w;W$w;W$w;W    : He+d; epwkhiyahdJ> i`l;u[dpd; epwkhiyapid xj;jpUf;Fk;. 
 fhuzk;fhuzk;fhuzk;fhuzk;    :::: He+k; xU vyf;l;uhidf; nfhz;l xU mikg;ghFk;. 

(m) $w;W kw;Wk; fhuzk; ,uz;Lk; rupahdJ. fhuzkhdJ> $w;wpw;F rupahd 
tpsf;fkhFk;. 

(M) $w;W kw;Wk; fhuzk; ,uz;Lk; rupahdJ. Mdhy;> fhuzkhdJ> $w;wpw;F 
rupahd tpsf;fky;y. 

(,) $w;W rup fhuzk; jtW. (<) $w;W kw;Wk; fhuzk; ,uz;Lk; jtW. 
tpil:tpil:tpil:tpil:    (m) $w;W kw;Wk; fhuzk; ,uz;Lk; rupahdJ. fhuzkhdJ>m) $w;W kw;Wk; fhuzk; ,uz;Lk; rupahdJ. fhuzkhdJ>m) $w;W kw;Wk; fhuzk; ,uz;Lk; rupahdJ. fhuzkhdJ>m) $w;W kw;Wk; fhuzk; ,uz;Lk; rupahdJ. fhuzkhdJ>    

$w;wpw;F rupahd tpsf;fkhFk;.$w;wpw;F rupahd tpsf;fkhFk;.$w;wpw;F rupahd tpsf;fkhFk;.$w;wpw;F rupahd tpsf;fkhFk;.    
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8. gpd;tUk; d MHgpl;lhy; ,izfspy; vyf;l;uhd; mlHj;jpapid mr;Rfspd; 
topNa ngw;wpg;gJ vJ? 

 (m) 2 xzz
d ,d  (M) dxz, dyz (,) 2 2 2z x y

d , d
−

 (<) 2 2xy x y
d , d

−
 

tpil: (,)tpil: (,)tpil: (,)tpil: (,) 2 2 2z x y
d , d

−−−−
    

9. xNu MHgpl;lhypy; cs;s ,U vyf;l;uhd;fisAk; NtWgLj;jp mwpa cjTtJ 
(JUNE 23) 

 (m) Nfhz ce;;jf; Fthz;lk; vz; (M) jw;Row;rpf; Fthz;lk; vz; 
 (,) fhe;jf; Fthz;lk; vz;      (<) MHgpl;lhy; Fthz;lk; vz; 

tpil: (M) jw;Row;rpf; Fthz;lk; vz;tpil: (M) jw;Row;rpf; Fthz;lk; vz;tpil: (M) jw;Row;rpf; Fthz;lk; vz;tpil: (M) jw;Row;rpf; Fthz;lk; vz;    
10. Eu (mZ vz; 63) Gd (mZ vz; 64) kw;Wk ; Tb  (mZ vz; 65) Mfpatw;wpd; 

vyf;l;uhd; mikg;Gfs; (NEET-Phase II) 
 (m) [Xe] 4f6 5d1 6s2, [Xe] 4f7 5d1 6s2 kw;Wk ; [Xe] 4f8 5d1 6s2 
 (M) [Xe] 4f7 6s2, [Xe] 4f7 5d1 6s2 kw;Wk ; [Xe] 4f9 6s2 

 (,) [Xe] 4f7 6s2, [Xe] 4f8 6s2 kw;Wk ; [Xe] 4f8 5d1 6s2 
 (<) [Xe] 4f6 5d16s2, [Xe] 4f7 5d1 6s2kw;Wk; [Xe] 4f9 6s2 

tpil: (M)tpil: (M)tpil: (M)tpil: (M)    [Xe] 4f7 6s2, [Xe] 4f7 5d1 6s2 kw;Wkkw;Wkkw;Wkkw;Wk ;; ;;    [Xe] 4f9 6s2 

11. xU Jizf;$l;by; cs;s mjpfgl;rkhd vyf;l;uhd;fspd; vz;zpf;ifapid 
Fwpg;gpLtJ 
(m) 2n2  (M) 2l +1 (,) 4l + 2 (<) Nkw;fz;Ls;s vJTkpy;iy 

tpil: (,)tpil: (,)tpil: (,)tpil: (,)    4l + 2 
    jPHT:jPHT:jPHT:jPHT:    2(2l + 1) = 4l + 2 
12. d-vyf;l;uhDf;fhd> Mh;gpl;lhy; Nfhz ce;j kjpg;ghdJ 

 (m)
2h

2π
 (M) 

2h

2π
 (,) 

2×4h

2π
 (<) 

6h

2π
 

tpil: (<)tpil: (<)tpil: (<)tpil: (<)    
6h

2π
    

 jPHT:jPHT:jPHT:jPHT:    MHgpl;lhy; Nfhzce;jj;jpd; Ntfk;
h h h

= l(l +1) = 2(2 +1) = 6
2π 2π 2π

 

13. n = 3, l = 1 kw;Wk; m = −1 Mfpa Fthz;lk; vz;fspd; njhFg;gpy; mjpfgl;rkhd 
vj;jid vyf;l;uhd;fs; ngw;wpUf;f KbAk;? 

 (m) 4   (M) 6   (,) 2   (<) = 10 
tpil: (,) 2tpil: (,) 2tpil: (,) 2tpil: (,) 2    

14. $w;W :$w;W :$w;W :$w;W : 3p MHgpl;lhYf;fhd Mu kw;Wk; Nfhz fZf;fspd; vz;zpf;if 
 KiwNa 1, 1 

fhuzk;fhuzk;fhuzk;fhuzk;    ::::    Mu kw;Wk; Nfhz fZf;fspd; vz;zpf;if Kjd;ikf;    Fthz;lk; 
    vz;iz kl;LNk nghWj;J mikAk; 

(m) $w;W kw;Wk; fhuzk; ,uz;Lk; rupahdJ. fhuzkhdJ> $w;wpw;F rupahd 
tpsf;fkhFk;. 
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(M) $w;W kw;Wk; fhuzk; ,uz;Lk; rupahdJ. Mdhy;> fhuzkhdJ> $w;wpw;F 
rupahd tpsf;fky;y. 

(,) $w;W rup fhuzk; jtW. (<) $w;W kw;Wk; fhuzk; ,uz;Lk; jtW. 
tpil: (,) $w;W  rup fhuzk;  jtWtpil: (,) $w;W  rup fhuzk;  jtWtpil: (,) $w;W  rup fhuzk;  jtWtpil: (,) $w;W  rup fhuzk;  jtW 

15. n = 3 vd;w Kjd;ikf; Fthz;lk; vz;iz ngw;wpUf;Fk; MHl;lhy;fspd; 
nkhj;j vz;zpf;if (JULY 22, MAR 23) 

 (m) 9   (M) 8   (,) 5   (<) 7 
tpil: (m)tpil: (m)tpil: (m)tpil: (m)    9 

    jPHT:jPHT:jPHT:jPHT:    MHgpl;lhy; vz;zpf;if = n2 = 32 = 9 MHgpl;lhy;fs; 
16. n = 6 vdpy;> vyf;l;uhd;fs; epug;gg;gLk; rupahd  tupir 
 (m) ns → (n – 2)f → (n – 1)d → np (M) ns → (n – 1)d → (n – 2)f → np 
 (,) ns → (n – 2)f → np → (n – 1)d (<) ,it vJTk; rupay;y 

tpil: (m)tpil: (m)tpil: (m)tpil: (m)    ns →→→→ (n – 2)f →→→→ (n – 1)d →→→→ np 
17. gpd;tUk; Fthz;lk; vz;fspd; njhFg;gpidf; fUJf. 

 n l m s 

(i) 3 0 0 1
2

+  

(ii) 2 2 1 1
2

−  

(iii) 4 3 -2 1
2

+  

(iv) 1 0 -1 1
2

+  

(v) 3 4 3 1
2

−  

 gpd;tUk; ve;j Fthz;lk; vz;fspd; njhFg;G rhj;jpakw;wJ? 
 (m) (i), (ii), (iii) kw;Wk; (iv) (M) (ii), (iv) kw;Wk; (v) 
 (,) (i) kw;Wk; (iii)  (<) (ii), (iii) kw;Wk; (iv) 

tpil: (M)tpil: (M)tpil: (M)tpil: (M)    (ii), (iv) kw;Wk;kw;Wk;kw;Wk;kw;Wk;    (v) 
18. mZ vz; 105 cila mZtpy; cs;s vj;jid vyf;l;uhd;fs; (n + l) = 8 

vd;w kjpg;gpid ngw;wpUf;f KbAk;. 
 (m) 30  (M) 17   (,) 15 (<) jPHkhdpf;f ,ayhJ 

tpil: (M) 17tpil: (M) 17tpil: (M) 17tpil: (M) 17    
jPHT:jPHT:jPHT:jPHT: 

MHgpl;lhy;MHgpl;lhy;MHgpl;lhy;MHgpl;lhy;    (n + l) vyf;l;uhd; vz;zpf;ifvyf;l;uhd; vz;zpf;ifvyf;l;uhd; vz;zpf;ifvyf;l;uhd; vz;zpf;if    

5f 5 + 3 = 8 14 

6d 6 + 2 = 8 3 

7s 7 + 0 = 7 2 (fzf;fpy; vLf;f $lhJ) 
vyf;l;uhd;fspd; vz;zpf;if  14 + 3 = 17 

 

vyf;l;uhd; mikg;G [Rn] 5f14 6d3.7s2 
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19. xy3d  MHgpl;lhypy ; yz jsj;jpy; vyf;l;uhd; mlHj;jp 
 (m) G+[;ak;  (M) 0.50  (,) 0.75  (<) 0.90 

tpil: (m) G+[;ak;tpil: (m) G+[;ak;tpil: (m) G+[;ak;tpil: (m) G+[;ak;    
20. epiy kw;Wk; ce;jj;jpd; epr;rakw;wj; jd;ik rkk; vdpy;> mjd; jpirNtfj;jpd; 

Fiwe;jgl;r epr;rakw;w jd;ik 

 (m) 
1 h

m π
 (M) 

h

π
 (,) 

1 h

2m π
 (<) 

h

4π
 

tpil: (,)tpil: (,)tpil: (,)tpil: (,)    
1 h

2m π
 

jPHT:jPHT:jPHT:jPHT: 

∆x. ∆p ≥ 
h

4π
 

∆p. ∆p ≥ 
h

4π
 

∆p2 ≥ 
h

4π
 

m2(∆v2) ≥ 
h

4π
 

∆v2 ≥ 
2

h

4πm
 

(∆v) ≥ 
2

h

4πm
 ∆v ≥ 

1 h

2m π
 

21. 100 cm s-1 Ntfj;jpy; ,aq;Fk; 100 g epiwAila Ez;Jfs; xd;wpd; b-gpuhf;sp miyePsk; 
(m) 6.6 × 10-29 cm (M) 6.6 × 10-30 cm (,) 6.6 × 10-31 cm (<) 6.6 × 10-32 cm 

tpil: (,)tpil: (,)tpil: (,)tpil: (,)    6.6 ×××× 10-31 cm 
    jPHT:jPHT:jPHT:jPHT:    m = 100 g = 100 × 10-3 kg  V = 100 cms-1 = 100 × 10-2 ms-1 

 λ = 
-34 2 -1

-3 -2 -1

h 6.626×10 kgm s
=

mV 100×10 kg×100×10 ms
 = 6.626 × 10-33 m 

 λ = 6.626 × 10-31 cm 
22. bA+l;upaj;jpd; jpirNtfk;> α-Jfisf; fhl;bYk; Ie;J klq;fhf ,Uf;Fk;NghJ 

bA+l;upak; mZtpw;Fk; α-Jfspw;Fk; ,ilNaahd miyePsq;fspd; tpfpjk; 
 (m) 4  (M) 0.2  (,) 2.5  (<) 0.4 

tpil: (<) 0.4tpil: (<) 0.4tpil: (<) 0.4tpil: (<) 0.4    
23. i`l;u[d; mZtpd; %d;whk; tl;lg;ghijapd ; (orbit) Mw;wy; kjpg;G -E 

mjd; Kjy;; tl;lg;ghijapd ; (orbit) Mw;wy; kjpg;G (JUNE 19) 

 (m) -3E (M) E
3

−  (,) E
9

−   (<) -9E 

tpil: (<)tpil: (<)tpil: (<)tpil: (<)    -9E 
24. fhyj;ijr; rhHe;J mikahj \;Nuhbq;fH miyr; rkd;ghlhdJ 

 (m) H E
∧

ψ = ψ  (M) ( )
2

2

2

8 m
E V 0

h

π∇ ψ + + ψ =  

 (,) ( )
2 2 2

2 2 2 2

2m
E V 0

x y z h

∂ ψ ∂ ψ ∂ ψ
+ + + − ψ =

∂ ∂ ∂
 (<) ,it midj;Jk; 

tpil: (m)tpil: (m)tpil: (m)tpil: (m)    H ψ = Eψ
∧∧∧∧
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25. gpd;tUtdtw;Ws;> n`a;rd; gHfpd; epr;rakw;wj; jd;ikapidf; Fwpg;gplhj 
rkd;ghL vJ? 

 (m) ∆x. ∆p ≥ h 4π  (M) hx. v 4 m∆ ∆ ≥ π  (,) 
h

E. t
4

∆ ∆ ≥
π
 (<) hE. x 4∆ ∆ ≥ π  

tpil: (<)tpil: (<)tpil: (<)tpil: (<)    hΔE.Δx 4π≥≥≥≥     
    

$Ljy; tpdhf;fs; 

26. mZ Mh;gpl;lhypd; jpirg;gz;G Fwpg;gJ 
(m) fhe;j Fthz;lk; vz; (M) Kjd;ik Fthz;lk; vz; 
(,) Nfhz ce;j Fthz;lk; vz;  (<) jw;Row;rp Fthz;lk; vz; 

tpil: (m) fhe;j Fthz;lk; vz;tpil: (m) fhe;j Fthz;lk; vz;tpil: (m) fhe;j Fthz;lk; vz;tpil: (m) fhe;j Fthz;lk; vz;    
27. fPo;fz;ltw;wpy; xU mZ vyf;l;uhd; mikg;gpy; rhj;jpakw;wJ .............. 

(m) n = 5, l = 3, m = 0, s = +1/2 (M) n = 3, l = 2, m = - 2, s = -1/2 
(,) n = 3, l = 2, m = -3, s = -1/2   (<) n = 4, l = 0, s = -1/2 

tpil: (,tpil: (,tpil: (,tpil: (,) n = 3, l = 2, m = -3, s = -1/2    
28. p-Mh;gpl;lhypy; Nfhz ce;j Fthz;lk; kjpg;G 

(m) h3 2π  (M) 3 h
2 π

 (,) h6 2π  (<) h
2π
 

tpil: (<)tpil: (<)tpil: (<)tpil: (<)    h
2π
    

29. n = 3, l = 1 vd;w kjpg;ig ngw;Ws;s Mh;gpl;lhy; cs;s rhj;jpakhd vyf;l;uhd; 
vz;zpf;if 
(m) 2  (M) 6   (,) 1   (<) 14 

tpil: (M) 6tpil: (M) 6tpil: (M) 6tpil: (M) 6    
30. L-$l;by; fhzg;gLk; mjpfgl;r vyf;l;uhd;fspd; vz;zpf;if: (SEP 20)    

(m) 8  (M) 2   (,) 4   (<) 6 
tpil: (m) 8tpil: (m) 8tpil: (m) 8tpil: (m) 8    

    

Gj;jf tpdhf;fs; 
 

2> 3 kw;Wk; 5 kjpg;ngz; tpdh tpilfs;2> 3 kw;Wk; 5 kjpg;ngz; tpdh tpilfs;2> 3 kw;Wk; 5 kjpg;ngz; tpdh tpilfs;2> 3 kw;Wk; 5 kjpg;ngz; tpdh tpilfs;    

26.26.26.26. MHgpl;lhypd; tbtk;> Mw;wy;> jpiraikg;MHgpl;lhypd; tbtk;> Mw;wy;> jpiraikg;MHgpl;lhypd; tbtk;> Mw;wy;> jpiraikg;MHgpl;lhypd; tbtk;> Mw;wy;> jpiraikg;G> cUtsT  Mfpatw;wpid jUk;G> cUtsT  Mfpatw;wpid jUk;G> cUtsT  Mfpatw;wpid jUk;G> cUtsT  Mfpatw;wpid jUk;    
Fthz;lk;Fthz;lk;Fthz;lk;Fthz;lk;    vz;fs; vit?vz;fs; vit?vz;fs; vit?vz;fs; vit?    

t.vz;t.vz;t.vz;t.vz;    jfty;jfty;jfty;jfty;    Fthz;lk; vz;Fthz;lk; vz;Fthz;lk; vz;Fthz;lk; vz;    
1. tbtk; Jiz Fthz;lk; vz; (l) 
2. Mw;wy; Kjd;ik Fthz;lk; vz; (n) 
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3. jpiraikg;G fhe;j Fthz;lk; vz; (m) 
4. cUtsT Kjd;ik Fthz;lk; vz; (n) 

    

27.27.27.27.    n = 4f;F rhj;jpakhd MHgpl;lhy;fspd; vz;zpf;ifapid Fwpg;gpLf.f;F rhj;jpakhd MHgpl;lhy;fspd; vz;zpf;ifapid Fwpg;gpLf.f;F rhj;jpakhd MHgpl;lhy;fspd; vz;zpf;ifapid Fwpg;gpLf.f;F rhj;jpakhd MHgpl;lhy;fspd; vz;zpf;ifapid Fwpg;gpLf.    (MAY 22)    
rhj;jpakhd MHgpl;lhy; = n2 = 42  = 16 

 n = 4f;F 16 MHgpl;lhy;fs; cUthFk;. 

28.28.28.28.    2s, 4p, 5d kw;Wk;kw;Wk;kw;Wk;kw;Wk;    4f MHgpl;lhy;fSf;F vj;jid Muf;MHgpl;lhy;fSf;F vj;jid Muf;MHgpl;lhy;fSf;F vj;jid Muf;MHgpl;lhy;fSf;F vj;jid Muf;    fZf;fsfZf;fsfZf;fsfZf;fs;; ;;    (radial node) 
fhzg;gLfpd;wd? vj;jid Nfhzf;fhzg;gLfpd;wd? vj;jid Nfhzf;fhzg;gLfpd;wd? vj;jid Nfhzf;fhzg;gLfpd;wd? vj;jid Nfhzf;    fZf;fs;fZf;fs;fZf;fs;fZf;fs;    (angular nodes) fhzg;gLfpd;wd.fhzg;gLfpd;wd.fhzg;gLfpd;wd.fhzg;gLfpd;wd.    

MHgpl;MHgpl;MHgpl;MHgpl;lhy;lhy;lhy;lhy;    n l 
Muf;fZf;fs;Muf;fZf;fs;Muf;fZf;fs;Muf;fZf;fs;    

(n 1)− −− −− −− −l     
Nfhzf;fZf;fs;Nfhzf;fZf;fs;Nfhzf;fZf;fs;Nfhzf;fZf;fs;    (l)    

2s 2 0 1 0 

4p 4 1 2 1 

5d 5 2 2 2 

4f 4 3 0 3 
 

29. rupghjpasT epug;gg;gl;l MHgpl;lhy;fs; epiyg;Gj;jd;ik ngWjy29. rupghjpasT epug;gg;gl;l MHgpl;lhy;fs; epiyg;Gj;jd;ik ngWjy29. rupghjpasT epug;gg;gl;l MHgpl;lhy;fs; epiyg;Gj;jd;ik ngWjy29. rupghjpasT epug;gg;gl;l MHgpl;lhy;fs; epiyg;Gj;jd;ik ngWjy;; ;;    p-MHgpl;lhiyf;MHgpl;lhiyf;MHgpl;lhiyf;MHgpl;lhiyf;;; ;;    
fhl;bYk;fhl;bYk;fhl;bYk;fhl;bYk;    d-MHgpl;lhypy;MHgpl;lhypy;MHgpl;lhypy;MHgpl;lhypy;    mjpfkhf cs;sJ. Vd;?mjpfkhf cs;sJ. Vd;?mjpfkhf cs;sJ. Vd;?mjpfkhf cs;sJ. Vd;?    
(i) rhpghjp epug;gg;gl;l d MHgpl;lhy; nkhj;j ghpkhw;wq;fs; = 10 

rhpghjp epug;gg;gl;l ‘p’ MHgpl;lhy; 
nkhj;j gupkhw;wq;fs; = 3 

(ii) rhpghjp epug;gg;gl;l ‘d’ MHgpl;lhy; ghpkhw;wy; Mw;wy; mjpfkhf cs;sjhy; ‘p’ 
MHgpl;lhiy tpl mjpf epiyg;Gj;jd;ik cilaJ. 

30. gpd;tUk;30. gpd;tUk;30. gpd;tUk;30. gpd;tUk;    d5    vyf;l;uhd; mikg;Gfisf; fUJf.vyf;l;uhd; mikg;Gfisf; fUJf.vyf;l;uhd; mikg;Gfisf; fUJf.vyf;l;uhd; mikg;Gfisf; fUJf.    

            
            

                
     

                 
    (m)         (M)        (,)(m)         (M)        (,)(m)         (M)        (,)(m)         (M)        (,)    

(i)     ,tw;Ws; rpWk Mw;wy; epiyia Fwpg;gpLtJ vJ?,tw;Ws; rpWk Mw;wy; epiyia Fwpg;gpLtJ vJ?,tw;Ws; rpWk Mw;wy; epiyia Fwpg;gpLtJ vJ?,tw;Ws; rpWk Mw;wy; epiyia Fwpg;gpLtJ vJ?    
(ii)  mjpfgl;r gupkhw;w Mw;wiyg; ngw;Ws;s mikg;G vJ?mjpfgl;r gupkhw;w Mw;wiyg; ngw;Ws;s mikg;G vJ?mjpfgl;r gupkhw;w Mw;wiyg; ngw;Ws;s mikg;G vJ?mjpfgl;r gupkhw;w Mw;wiyg; ngw;Ws;s mikg;G vJ?    
(i) rpWk Mw;wy; epiy 

(,) 
     

 

(ii) mjpfgl;r gupkhw;w Mw;wiy ngw;Ws;s mikg;G 
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(,) 
     

    

31. ngsyp jtpHf;ifj; jj;Jtj;jpidf; $W.31. ngsyp jtpHf;ifj; jj;Jtj;jpidf; $W.31. ngsyp jtpHf;ifj; jj;Jtj;jpidf; $W.31. ngsyp jtpHf;ifj; jj;Jtj;jpidf; $W.    (MAR 19, MAR 23)    
xU mZtpy; cs;s ve;j ,U vyf;l;uhd;fSk;> mtw;wpd; ehd;F Fthz;lk; 
vz;fspd; kjpg;gpd; njhFg;G xd;whf ,Uf;fhJ. 

 P̀ypaj;jpy; ,U vyf;l;uhd; Fthz;lk; vz; kjpg;G 
 n = 1 l = 0  m = 0  s = + 1/2 
 n = 1 l = 0  m = 0  s = - 1/2 
 ,t;tpjpapd; gb> xU MHgpl;lhypy; mjpfgl;rkhf ,U vyf;l;uhd;fs; kl;LNk 

epug;gyhk;. mit ,uz;Lk; ntt;NtW Fthz;lk; kjpg;G ngw;wpUf;Fk;. 

32. MHgpl;lhy; tiuaW.32. MHgpl;lhy; tiuaW.32. MHgpl;lhy; tiuaW.32. MHgpl;lhy; tiuaW.    3Px kw;Wkkw;Wkkw;Wkkw;Wk ;; ;;    4dx
2-y2 MHgpl;lhypy; cs;s vyf;l;uhDf;FMHgpl;lhypy; cs;s vyf;l;uhDf;FMHgpl;lhypy; cs;s vyf;l;uhDf;FMHgpl;lhypy; cs;s vyf;l;uhDf;F    

n kw;Wk;kw;Wk;kw;Wk;kw;Wk;    l    kjpg;Gfisf; $Wf.kjpg;Gfisf; $Wf.kjpg;Gfisf; $Wf.kjpg;Gfisf; $Wf.    (JUNE 19, JUNE 23, MAR 24)    
XH mZtpy;> mZf;fUit Rw;wpAs;s gFjpapy;> mjpfgl;r mlHj;jpia 
nfhz;Ls;s vyf;l;uhd; epfo;jfT MHgpl;lhy; vdg;gLk;. 

MHgpl;lhy;MHgpl;lhy;MHgpl;lhy;MHgpl;lhy;    n l    
3px 3 1 

4dx
2-y2 4 2 

    

33. fhyj;ijr; rhHe;J mikahj \;Nuhbq;fH miyr;33. fhyj;ijr; rhHe;J mikahj \;Nuhbq;fH miyr;33. fhyj;ijr; rhHe;J mikahj \;Nuhbq;fH miyr;33. fhyj;ijr; rhHe;J mikahj \;Nuhbq;fH miyr;    rkd;ghl;bid RUf;fkhfrkd;ghl;bid RUf;fkhfrkd;ghl;bid RUf;fkhfrkd;ghl;bid RUf;fkhf    
tpsf;Fftpsf;Fftpsf;Fftpsf;Ff. 

Ĥψ = Eψ  ... (1) 

Ĥ  vd;gJ `hkpy;Nlhdpad; nrayp 
ψ  vd;gJ miyr;rhHG 

E vd;gJ mikg;gpd; Mw;wy; 

Ĥ  = 
2 2 2 2

2 2 2 2

h
+ + + V

8π m x y z

  − ∂ ∂ ∂
  ∂ ∂ ∂  

 ... (2) 

rkd;ghL (2)I (1)y; gpujpapl 
2 2 2 2

2 2 2 2

h
+ + + V

8π m x y z

  − ∂ ψ ∂ ψ ∂ ψ ψ  ∂ ∂ ∂  
 = Eψ 

2

2

8π m

h

−
My; ngUf;fp rupgLj;j 
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2 2 2 2

2 2 2 2

ψ 8π m
+ + Vψ

x y z h

∂ ∂ ψ ∂ ψ −
∂ ∂ ∂

 = 
2

2

8π m
Eψ

h

 −
 
 

 

2 2 2 2 2

2 2 2 2 2

ψ ψ ψ 8π m 8π m
+ + + Eψ Vψ

x y z h h

∂ ∂ ∂ −
∂ ∂ ∂

 = 0 

2 2 2 2

2 2 2 2

ψ ψ ψ 8π m
+ + + (E V)ψ

x y z h

∂ ∂ ∂ −
∂ ∂ ∂

 = 0 

,r;rkd;ghL fhyj;ij rhHe;J mikahj \;Nuhbq;fH miyr;rkd;ghL MFk;. 
34.34.34.34. ∆∆∆∆v = 0.1% kw;Wk;kw;Wk;kw;Wk;kw;Wk;    V = 2.2 ×××× 106 ms-1 Mf cs;s  vyf;l;uhd;Mf cs;s  vyf;l;uhd;Mf cs;s  vyf;l;uhd;Mf cs;s  vyf;l;uhd;    xd;wpd;xd;wpd;xd;wpd;xd;wpd;    epiyiaepiyiaepiyiaepiyia    

mstpLtjpy; cs;s epr;rakw;wj; jd;ikapidf;mstpLtjpy; cs;s epr;rakw;wj; jd;ikapidf;mstpLtjpy; cs;s epr;rakw;wj; jd;ikapidf;mstpLtjpy; cs;s epr;rakw;wj; jd;ikapidf;    fzf;fpLf.fzf;fpLf.fzf;fpLf.fzf;fpLf.    

∆x . ∆p ≥ 
h

4π
 

 ∆x . (m∆v) ≥ 5.28 × 10-35 kg m2 s-1 
 ∆v = 0.1% 
 v = 2.2 × 106 ms-1 
 m = 9.1 × 10-31 kg 

 ∆v = 6 -10.1
×2.2×10 ms

100
 

 ∆x ≥ 
-35 2 -1

-31 3 -1

5.28×10 ×100 kg m s

9.1×10 kg×2.2×10 ms ×0.1
 

 epiyapy; cs;s epiyapyhj; jd;ik ∆x ≥ 2.6 × 10-8 m. 
35.35.35.35.    O-mZtpy; cs;s 8tJ vyf;l;uhd; kw;Wk;mZtpy; cs;s 8tJ vyf;l;uhd; kw;Wk;mZtpy; cs;s 8tJ vyf;l;uhd; kw;Wk;mZtpy; cs;s 8tJ vyf;l;uhd; kw;Wk;    Cl–mZtpy; cs;smZtpy; cs;smZtpy; cs;smZtpy; cs;s    15tJ vyf;l;uhd;tJ vyf;l;uhd;tJ vyf;l;uhd;tJ vyf;l;uhd;>>>>    

FNuhkpaj;jpd; filrp vyf;l;uhd;FNuhkpaj;jpd; filrp vyf;l;uhd;FNuhkpaj;jpd; filrp vyf;l;uhd;FNuhkpaj;jpd; filrp vyf;l;uhd;    Mfpadtw;wpw;fhd ehd;F Fthz;lk; vz;fspd;Mfpadtw;wpw;fhd ehd;F Fthz;lk; vz;fspd;Mfpadtw;wpw;fhd ehd;F Fthz;lk; vz;fspd;Mfpadtw;wpw;fhd ehd;F Fthz;lk; vz;fspd;    
kjpg;GfisAk; jPHkhdpf;fTk;.kjpg;GfisAk; jPHkhdpf;fTk;.kjpg;GfisAk; jPHkhdpf;fTk;.kjpg;GfisAk; jPHkhdpf;fTk;.    

Fthz;lk; vz;Fthz;lk; vz;Fthz;lk; vz;Fthz;lk; vz;    
vyf;l;uhd; tifvyf;l;uhd; tifvyf;l;uhd; tifvyf;l;uhd; tif    

n l m s 
O-mZtpy; 8tJ vyf;l;uhd; 2 1 -1 or +1 - ½ 
‘Cl’ mZtpd; 15tJ vyf;l;;uhd; 3 1 -1 or +1 + ½ 
‘Cr’ filrp vyf;l;;uhd; 3 2 +2 + ½ 

36. Fthz;lk; ,af;ftpaypd; mbg;gilapy; i`l;u[d; mZtpd; Mw;wy; kjpg;G36. Fthz;lk; ,af;ftpaypd; mbg;gilapy; i`l;u[d; mZtpd; Mw;wy; kjpg;G36. Fthz;lk; ,af;ftpaypd; mbg;gilapy; i`l;u[d; mZtpd; Mw;wy; kjpg;G36. Fthz;lk; ,af;ftpaypd; mbg;gilapy; i`l;u[d; mZtpd; Mw;wy; kjpg;G    

 
-1

n 2

-13.6
E = eV atom

n
    

i)     ,jidg; gad;gLj;jp,jidg; gad;gLj;jp,jidg; gad;gLj;jp,jidg; gad;gLj;jp    n = 3 kw;Wk;kw;Wk;kw;Wk;kw;Wk;    n = 4f;F ,ilNaAs;s  Mw;wy; NtWghLf;F ,ilNaAs;s  Mw;wy; NtWghLf;F ,ilNaAs;s  Mw;wy; NtWghLf;F ,ilNaAs;s  Mw;wy; NtWghL    

∆∆∆∆Eiaf;  fz;lwpf.iaf;  fz;lwpf.iaf;  fz;lwpf.iaf;  fz;lwpf.    

ii)      Nkw;fz;Ls;s gupkhw;wjpw;F cupa  miyePsj;jpidf;Nkw;fz;Ls;s gupkhw;wjpw;F cupa  miyePsj;jpidf;Nkw;fz;Ls;s gupkhw;wjpw;F cupa  miyePsj;jpidf;Nkw;fz;Ls;s gupkhw;wjpw;F cupa  miyePsj;jpidf;    fzf;fpLf.fzf;fpLf.fzf;fpLf.fzf;fpLf.    
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i) En = -1

2

13.6
eV atom

n
 

 n = 3  E3 = 
2

13.6 13.6
=

3 9

− −
 = –1.51 eV atom-1 

 n = 4  E4 = 
2

13.6 13.6
=

4 16

− −
 = –0.85 eV atom-1 

 ∆E = (E4 – E3) = (–0.85) – (–1.51) = –0.85 + 1.51 = +0.66 eV atom-1 

ii) 1 eV = 1.6 × 10-19 J 

 ∆E = 0.66 × 1.66 × 10-19 J 

 ∆E = 1.06 × 10-19 J 

 hν = 1.06 × 10-19 J 

 1.06 × 10-19 J = 
c

h.
λ

 

 ∴ λ = 
-19

hc

1.06×10 J
 = 

-34 8 -1

-19

6.626×10 Js×3×10 ms

1.06×10 J
 

 λ = 1.875 × 10-6 m 

37.37.37.37.    5400Å gr;ir epw xspapd; miyePsj;jpw;F rkkhd bgpuhf;sp miyePsj;jpidg;gr;ir epw xspapd; miyePsj;jpw;F rkkhd bgpuhf;sp miyePsj;jpidg;gr;ir epw xspapd; miyePsj;jpw;F rkkhd bgpuhf;sp miyePsj;jpidg;gr;ir epw xspapd; miyePsj;jpw;F rkkhd bgpuhf;sp miyePsj;jpidg;    
ngwngwngwngw    54g    nld;dp]; ge;J vt;tsT Ntfj;jpy; gazpf;f Ntz;Lknld;dp]; ge;J vt;tsT Ntfj;jpy; gazpf;f Ntz;Lknld;dp]; ge;J vt;tsT Ntfj;jpy; gazpf;f Ntz;Lknld;dp]; ge;J vt;tsT Ntfj;jpy; gazpf;f Ntz;Lk ;; ;;????    

m = 54 g = 54 × 10-3 kg ; λ = 5400 Å = 5400 × 10-10 m;  V = ? 

 λ = 
h

mV
 

 V = 
h

mλ
 = 

-34 2 1

-3 -10

6.626×10 kgm

54×10 kg×5400×10 m

s−

 

 ge;jpd; jpirNtfk; V = 2.27 × 10-26 m s-1 

38.38.38.38. gpd;tUk; xt;nthd;wpw;Fk;> Jizf;$l;bd;gpd;tUk; xt;nthd;wpw;Fk;> Jizf;$l;bd;gpd;tUk; xt;nthd;wpw;Fk;> Jizf;$l;bd;gpd;tUk; xt;nthd;wpw;Fk;> Jizf;$l;bd;    FwpaPL> mDkjpf;fg;gl;lFwpaPL> mDkjpf;fg;gl;lFwpaPL> mDkjpf;fg;gl;lFwpaPL> mDkjpf;fg;gl;l    m kjpg;Gfs;kjpg;Gfs;kjpg;Gfs;kjpg;Gfs;    
kw;Wk; MHgpl;lhy;fspd; vz;zpf;ifapidj; jUf.kw;Wk; MHgpl;lhy;fspd; vz;zpf;ifapidj; jUf.kw;Wk; MHgpl;lhy;fspd; vz;zpf;ifapidj; jUf.kw;Wk; MHgpl;lhy;fspd; vz;zpf;ifapidj; jUf.    

    i) n = 4, l = 2  ii) n = 5, l = 3  iii) n = 7, l = 0 

n l 
Jizf;$l;bd;Jizf;$l;bd;Jizf;$l;bd;Jizf;$l;bd;    

FwpaPLFwpaPLFwpaPLFwpaPL    
mDkjpf;fg;gl;lmDkjpf;fg;gl;lmDkjpf;fg;gl;lmDkjpf;fg;gl;l    ‘m’ 

kjpg;Gfs;kjpg;Gfs;kjpg;Gfs;kjpg;Gfs;    
MHgpl;lhy;MHgpl;lhy;MHgpl;lhy;MHgpl;lhy;    
vz;zpf;ifvz;zpf;ifvz;zpf;ifvz;zpf;if    

4 2 4d -2, -1, 0, +1, +2, Ie;J 4d Mh;gpl;lhy; 

5 3 5f -3, -2, -1, 0, +1, +2, +3 VO 5f MH;gpl;lhy; 

7 0 7s 0 xU 7s Mh;gpl;lhy; 
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39.39.39.39. Mn2+ kw;Wk;kw;Wk;kw;Wk;kw;Wk;    Cr3+ Mfpadtw;wpd; vyf;l;uhd; mikg;Gfisj;Mfpadtw;wpd; vyf;l;uhd; mikg;Gfisj;Mfpadtw;wpd; vyf;l;uhd; mikg;Gfisj;Mfpadtw;wpd; vyf;l;uhd; mikg;Gfisj;    jUf.jUf.jUf.jUf.    (JULY 22)    
Mn2+ = 1s2 2s2 2p6 3s2 3 p6 3d5;  Cr3+ = 1s2 2 s 2 2p6 3s2 3 p6 3d3 

40.40.40.40. MMMM∴∴∴∴gh jj;Jtj;jpid tptupf;f.gh jj;Jtj;jpid tptupf;f.gh jj;Jtj;jpid tptupf;f.gh jj;Jtj;jpid tptupf;f.    

 MMMM∴∴∴∴gh jj;Jtk;gh jj;Jtk;gh jj;Jtk;gh jj;Jtk;::::    ,ay;G Mw;wy; epiyapy; cs;s mZtpd; 
MHgpl;lhy;fs; mtw;wpd; Mw;wypd; VWtupirapy; 
epuk;Gk;. 

    tpsf;fk;tpsf;fk;tpsf;fk;tpsf;fk;::::    gy;NtW MHgpl;lhy;fspy; vyf;l;uhd;fs; 
epug;gg;gLk; tupir (n + l) tpjpg;gb mike;Js;sJ. 

41. xU mZthdJ 35 vyf;l;uhd;fs; kw;Wk; 45 epA+l;uhd;fisf;41. xU mZthdJ 35 vyf;l;uhd;fs; kw;Wk; 45 epA+l;uhd;fisf;41. xU mZthdJ 35 vyf;l;uhd;fs; kw;Wk; 45 epA+l;uhd;fisf;41. xU mZthdJ 35 vyf;l;uhd;fs; kw;Wk; 45 epA+l;uhd;fisf;    
nfhz;Ls;sJ.nfhz;Ls;sJ.nfhz;Ls;sJ.nfhz;Ls;sJ.    
i)     GNuhl;lhd;fspd; vz;zpf;ifGNuhl;lhd;fspd; vz;zpf;ifGNuhl;lhd;fspd; vz;zpf;ifGNuhl;lhd;fspd; vz;zpf;if    
ii)      jdpkj;jpd; vyf;l;uhd; mikg;Gjdpkj;jpd; vyf;l;uhd; mikg;Gjdpkj;jpd; vyf;l;uhd; mikg;Gjdpkj;jpd; vyf;l;uhd; mikg;G    
iii)      filrp vyf;l;uhdpd; ehd;F Fthz;filrp vyf;l;uhdpd; ehd;F Fthz;filrp vyf;l;uhdpd; ehd;F Fthz;filrp vyf;l;uhdpd; ehd;F Fthz;lk; vz;fspd; kjpg;G Mfpadtw;iwlk; vz;fspd; kjpg;G Mfpadtw;iwlk; vz;fspd; kjpg;G Mfpadtw;iwlk; vz;fspd; kjpg;G Mfpadtw;iw    

fz;lwpf.fz;lwpf.fz;lwpf.fz;lwpf.    
i) GNuhl;lhd;fspd; vz;zpf;if = 35 
ii) jdpkj;jpd; vyf;l;uhd; mikg;G 1s2 2s2 2p6 3s23p64s23d104p5 

iii) 
   

filrp vyf;l;uhd; 4pyy; cs;sJ 

iii) n= 4; l = 1; 
1

m 0, s = 
2l

−=  

42. i`l;u[d;42. i`l;u[d;42. i`l;u[d;42. i`l;u[d;    mZtpd;mZtpd;mZtpd;mZtpd;    NghH tl;lg;ghijapd; Rw;wsthdJ> mZf;fUtpidr;NghH tl;lg;ghijapd; Rw;wsthdJ> mZf;fUtpidr;NghH tl;lg;ghijapd; Rw;wsthdJ> mZf;fUtpidr;NghH tl;lg;ghijapd; Rw;wsthdJ> mZf;fUtpidr;    
Rw;wp tUk; vyf;l;uhDf;fhd b-gpuhf;sp miyePsj;jpd; KO vz; klq;fpw;Fr;Rw;wp tUk; vyf;l;uhDf;fhd b-gpuhf;sp miyePsj;jpd; KO vz; klq;fpw;Fr;Rw;wp tUk; vyf;l;uhDf;fhd b-gpuhf;sp miyePsj;jpd; KO vz; klq;fpw;Fr;Rw;wp tUk; vyf;l;uhDf;fhd b-gpuhf;sp miyePsj;jpd; KO vz; klq;fpw;Fr;    
rkk; vdf; fhl;Lf.rkk; vdf; fhl;Lf.rkk; vdf; fhl;Lf.rkk; vdf; fhl;Lf.    

Mh;gpl;lhy; Rw;wsT = nλ 
 i`l;u[d; mZtpw;F  n = 1 

 i`l;u[d; mZtpd; Mh;gpl; Rw;wsT = λ 

 2πr = λ 

 2πr = 
h

mV
 (Q λ = 

h

mV
) 

 mVr = 
h

2π
 

 vdNt> i`l;u[d; mZtpd; NghH tl;lg;ghijapd; Rw;wsthdJ> mZf;fUtpidr; 

Rw;wp tUk; vyf;l;uhDf;fhd b-gpuhf;sp miyePsj;jpd; KO vz; klq;fpw;Fr; rkk;. 
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43.43.43.43. gpd;tUk; nray;Kiwf;F Njitg;gLk; Mw;wiyf; fz;f;fpLf.gpd;tUk; nray;Kiwf;F Njitg;gLk; Mw;wiyf; fz;f;fpLf.gpd;tUk; nray;Kiwf;F Njitg;gLk; Mw;wiyf; fz;f;fpLf.gpd;tUk; nray;Kiwf;F Njitg;gLk; Mw;wiyf; fz;f;fpLf.    
He+

(g) → He2+
(g) + e- 

 rpWk Mw;wy; epiyapy; cs;s i`l;u[dpd; madpahf;Fk; Mw;wy; - 13.6 eV atom-1. 

 He+ →  He2+ + e- 

 En = 
2

2

13.6z

n

−
 

 E1 = 
2

2

13.6(2)

(1)

−
 = –56.4 

 Eα = 
2

2

13.6(2)

( )

−
α

 = 0 

 nray;Kiwf;F Njitg;gLk; Mw;wy; 
 Eα – E1 = 0 – (–56.4) = 56.4 eV 
44.44.44.44. epiw vz; 37 cila xU madp xw;iw vjpHkpd; Rikapidg;epiw vz; 37 cila xU madp xw;iw vjpHkpd; Rikapidg;epiw vz; 37 cila xU madp xw;iw vjpHkpd; Rikapidg;epiw vz; 37 cila xU madp xw;iw vjpHkpd; Rikapidg;    ngw;Ws;sJ. ,e;jngw;Ws;sJ. ,e;jngw;Ws;sJ. ,e;jngw;Ws;sJ. ,e;j    

madpahdJ> vyf;l;uhd;fisf; fhl;bYk; 11madpahdJ> vyf;l;uhd;fisf; fhl;bYk; 11madpahdJ> vyf;l;uhd;fisf; fhl;bYk; 11madpahdJ> vyf;l;uhd;fisf; fhl;bYk; 11%     mjpfkhd epA+l;uhd;fisg;mjpfkhd epA+l;uhd;fisg;mjpfkhd epA+l;uhd;fisg;mjpfkhd epA+l;uhd;fisg;    
ngw;wpUe;jhy;> me;j madpapd;ngw;wpUe;jhy;> me;j madpapd;ngw;wpUe;jhy;> me;j madpapd;ngw;wpUe;jhy;> me;j madpapd;    FwpaPl;bidf; fz;lwpf.FwpaPl;bidf; fz;lwpf.FwpaPl;bidf; fz;lwpf.FwpaPl;bidf; fz;lwpf.    

 mZmZmZmZ    
xw;iw vjpHkpd;Rikxw;iw vjpHkpd;Rikxw;iw vjpHkpd;Rikxw;iw vjpHkpd;Rik    
cila madpcila madpcila madpcila madp    

vyf;l;uhd; vz;zpf;if x – 1 x 
GNuhl;lhd; vz;zpf;if x – 1 x – 1 
epA+l;uhd; vz;zpf;if y y 

 

fzf;fpd; gb y  = x + 11.1% of x 

 = 
11.1

x + x
100

 
 
 

 = x + 0.111 x 

epA+l;uhd; vz;zpf;if y  = 1.111x 
epiw vz;  = 37 
GNuhl;lhd; vz;zpf;if + epA+l;uhd; 
vz;zpf;if = 37 

(x – 1) + 1.111x  = 37 
 x + 1.111x = 38 
 2.111x = 38 

 x = 
38

2.11
 

 x = 18.009 
 x = 18 
 mZ vz;  = x – 1 
 = 18 – 1 = 17 
 epiw vz; = 37 

 madpapd; FwpaPL = 37
17 Cl−  

45.45.45.45.    Li 2+ madpahdJ> i`l;u[id xj;j madpahFk;. mjid NghH khjpupapd;madpahdJ> i`l;u[id xj;j madpahFk;. mjid NghH khjpupapd;madpahdJ> i`l;u[id xj;j madpahFk;. mjid NghH khjpupapd;madpahdJ> i`l;u[id xj;j madpahFk;. mjid NghH khjpupapd;    
mbg;gilapy; tptupf;f ,aYk;mbg;gilapy; tptupf;f ,aYk;mbg;gilapy; tptupf;f ,aYk;mbg;gilapy; tptupf;f ,aYk;. %d;whk;. %d;whk;. %d;whk;. %d;whk;    tl;lg;ghijapd; NghH Muk;tl;lg;ghijapd; NghH Muk;tl;lg;ghijapd; NghH Muk;tl;lg;ghijapd; NghH Muk;    kw;Wk;kw;Wk;kw;Wk;kw;Wk;    
ehd;fhk; tl;lg;ghijapy; cs;s xU vyf;l;uhdpd; Mw;wy; Mfpatw;iwf; fz;lwpf.ehd;fhk; tl;lg;ghijapy; cs;s xU vyf;l;uhdpd; Mw;wy; Mfpatw;iwf; fz;lwpf.ehd;fhk; tl;lg;ghijapy; cs;s xU vyf;l;uhdpd; Mw;wy; Mfpatw;iwf; fz;lwpf.ehd;fhk; tl;lg;ghijapy; cs;s xU vyf;l;uhdpd; Mw;wy; Mfpatw;iwf; fz;lwpf.    

Vn = 
2(0.529)n

z
 Å 
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 En = 
2

2

-13.6×z

n
 eV atom-1 

 Li2+ madpf;F, z = 3 

 %d;whk; tl;lg;ghijf;fhd NghH Muk; (r3) = 
2(0.529)(3)

3
 = 0.529 × 3 

 r3 = 1.587 Å 
 ehd;fhtJ tl;lg;ghijapy; cs;s xU vyf;l;uhd; Mw;wy; 

E4 = 
2

2

-13.6(3)

(4)
 = -7.65 eV mZ-1 

46.46.46.46. Jfs; KLf;fpfisf; nfhz;L GNuhl;lhd;fis KLf;Ftpf;f ,aYk;. mj;jifaJfs; KLf;fpfisf; nfhz;L GNuhl;lhd;fis KLf;Ftpf;f ,aYk;. mj;jifaJfs; KLf;fpfisf; nfhz;L GNuhl;lhd;fis KLf;Ftpf;f ,aYk;. mj;jifaJfs; KLf;fpfisf; nfhz;L GNuhl;lhd;fis KLf;Ftpf;f ,aYk;. mj;jifa    
KLf;Ftpf;fg;gl;lKLf;Ftpf;fg;gl;lKLf;Ftpf;fg;gl;lKLf;Ftpf;fg;gl;l    2.58 ×××× 108 ms-1 Ntfj;jpy; ,aq;Fk; GNuhl;lhd; xd;Ntfj;jpy; ,aq;Fk; GNuhl;lhd; xd;Ntfj;jpy; ,aq;Fk; GNuhl;lhd; xd;Ntfj;jpy; ,aq;Fk; GNuhl;lhd; xd;wpd;wpd;wpd;wpd;    
miy ePsj;jpidmiy ePsj;jpidmiy ePsj;jpidmiy ePsj;jpid    (Åy;) fzf;fpLf. (GNuhl;lhdpd; epiw 1.673y;) fzf;fpLf. (GNuhl;lhdpd; epiw 1.673y;) fzf;fpLf. (GNuhl;lhdpd; epiw 1.673y;) fzf;fpLf. (GNuhl;lhdpd; epiw 1.673    ××××    10101010-27-27-27-27    kg).).).).    
V = 2.85 × 108 ms-1 

 mp = 1.673 × 10-27 kg 

 λ = 
h

mV
 = 

-34 2 -1

-27 8 -1

6.626×10 kgm s

1.673×10 kg×2.85×10 ms
 

 λ = 1.389 × 10-15 m 
 λ = 1.389 × 10-5 Å 

47. 14047. 14047. 14047. 140    km hr -1 Ntfj;jpy; gazpf;Fk;Ntfj;jpy; gazpf;Fk;Ntfj;jpy; gazpf;Fk;Ntfj;jpy; gazpf;Fk;    160g epiwAila fpupf;nfl; ge;J xd;wpd;epiwAila fpupf;nfl; ge;J xd;wpd;epiwAila fpupf;nfl; ge;J xd;wpd;epiwAila fpupf;nfl; ge;J xd;wpd;    b-gpuhf;spb-gpuhf;spb-gpuhf;spb-gpuhf;sp    

miyePsk;miyePsk;miyePsk;miyePsk;    (cmy;y;y;y;) fzf;fpLf.fzf;fpLf.fzf;fpLf.fzf;fpLf.    

 m = 160 

g = 160 × 10-3 kg 

 V = 140 km hr-1 = 
-3140×10

60×60
ms-1 

 V = 38.88 ms-1 

 λ = 
h

mv
= 

-34 2 -1

-3 -1

6.626×10 kgm s

160×10 kg×38.88ms
 

 λ = 1.065 × 10-34 m 
48. MHgpl;by; cs;s xU vyf;l;uhdpd; epiyapidj; jPHkhdpg;gjpy; cs;s epr;rakw;w48. MHgpl;by; cs;s xU vyf;l;uhdpd; epiyapidj; jPHkhdpg;gjpy; cs;s epr;rakw;w48. MHgpl;by; cs;s xU vyf;l;uhdpd; epiyapidj; jPHkhdpg;gjpy; cs;s epr;rakw;w48. MHgpl;by; cs;s xU vyf;l;uhdpd; epiyapidj; jPHkhdpg;gjpy; cs;s epr;rakw;w    

jd;ik 0.6jd;ik 0.6jd;ik 0.6jd;ik 0.6A°°°°  vd ,Uf;Fnkdpy;> mjd; ce;jj;jpy; Vw;gLk; epr;rakw;wj; jd;ik ahJ?vd ,Uf;Fnkdpy;> mjd; ce;jj;jpy; Vw;gLk; epr;rakw;wj; jd;ik ahJ?vd ,Uf;Fnkdpy;> mjd; ce;jj;jpy; Vw;gLk; epr;rakw;wj; jd;ik ahJ?vd ,Uf;Fnkdpy;> mjd; ce;jj;jpy; Vw;gLk; epr;rakw;wj; jd;ik ahJ?    

∆x = 0.6 Å = 0.6 × 10-10 m ∆p = ? 

 ∆x . ∆p ≥ 
h

4π
 

log Value 
160 2.2041 (+) 

38.88 1.5897 
 3.7938 

 

log Value 
6.626 0.8213(-) 

 3.7938 
 3.0275  

Antilog( 3 .0275) = 1.065 × 10-3 
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 ∆x . ∆p ≥ 5.28 × 10-35 kg m2 s-1 

 (0.6 × 10-10) ∆p ≥ 5.28 × 10-35 

 ∆p ≥ 
-35 2 -1

-10

5.28×10 kgm s

0.6×10 m
 

 ∆p ≥ 9 × 10-25 kg ms-1 

49. Jfs; xd;wpd; epiyapy; Vw;gLk; epr;rakw;wj; jd;ikapd; mstP49. Jfs; xd;wpd; epiyapy; Vw;gLk; epr;rakw;wj; jd;ikapd; mstP49. Jfs; xd;wpd; epiyapy; Vw;gLk; epr;rakw;wj; jd;ikapd; mstP49. Jfs; xd;wpd; epiyapy; Vw;gLk; epr;rakw;wj; jd;ikapd; mstPlhdJ mjd;lhdJ mjd;lhdJ mjd;lhdJ mjd;    
Bgpuhf;sp miyePsj;jpw;Fr; rkk; vdpy;> mjd; jpirNtfj;jpy; Vw;gLk; Fiwe;jgl;rBgpuhf;sp miyePsj;jpw;Fr; rkk; vdpy;> mjd; jpirNtfj;jpy; Vw;gLk; Fiwe;jgl;rBgpuhf;sp miyePsj;jpw;Fr; rkk; vdpy;> mjd; jpirNtfj;jpy; Vw;gLk; Fiwe;jgl;rBgpuhf;sp miyePsj;jpw;Fr; rkk; vdpy;> mjd; jpirNtfj;jpy; Vw;gLk; Fiwe;jgl;r    

epr;rakw;wj; jd;ik jpirNtfk;epr;rakw;wj; jd;ik jpirNtfk;epr;rakw;wj; jd;ik jpirNtfk;epr;rakw;wj; jd;ik jpirNtfk;    / 4ππππf;Fr; rkk; vdf; fhl;Lf.f;Fr; rkk; vdf; fhl;Lf.f;Fr; rkk; vdf; fhl;Lf.f;Fr; rkk; vdf; fhl;Lf.    
nfhLf;fg;gl;lJ 

∆x = λ ; ∆v = ? 

∆x . ∆p ≥ 
h

4π
 

λ . (m∆v) ≥ 
h

4π
 

∆v ≥ 
h

4π(mλ)
 

 

∆v ≥ ( )
h

h4πm× mv

 (Q  λ = 
h

mv
) 

∆v ≥ 
h×mv

4πmh
 

∆v ≥ 
v

4π
 

∴ jpirNtfj;jpd; Fiwe;jgl;r 

epr;rakw;w jd;ik = 
v

4π
 

50.50.50.50. mikjp epiyapy; cs;s xU vyf;l;uhd; 100mikjp epiyapy; cs;s xU vyf;l;uhd; 100mikjp epiyapy; cs;s xU vyf;l;uhd; 100mikjp epiyapy; cs;s xU vyf;l;uhd; 100V kpd;dOj;j NtWghl;ilf; nfhz;Lkpd;dOj;j NtWghl;ilf; nfhz;Lkpd;dOj;j NtWghl;ilf; nfhz;Lkpd;dOj;j NtWghl;ilf; nfhz;L    
KLf;Ftpf;fg;gLk;NghJ> me;j vyf;l;uhdpd; b-gpuhf;sp miyePsj;ijf; fz;lwpf.KLf;Ftpf;fg;gLk;NghJ> me;j vyf;l;uhdpd; b-gpuhf;sp miyePsj;ijf; fz;lwpf.KLf;Ftpf;fg;gLk;NghJ> me;j vyf;l;uhdpd; b-gpuhf;sp miyePsj;ijf; fz;lwpf.KLf;Ftpf;fg;gLk;NghJ> me;j vyf;l;uhdpd; b-gpuhf;sp miyePsj;ijf; fz;lwpf.    
kpd;mOj;j NtWghL = 100V 

= 100 × 1.6 × 10-19 J 

λ = 
h

2meV
 = 

-34 2 -1

-31 -19

6.626×10 kgm s

2×9.1×10 kg×100×1.6×10 J
 

λ = 1.22 × 10-10 m 

51. tpLgl;l Fthz;lk; vz;fs; / Jiz Mw;wy;  kl;lq;fisf;51. tpLgl;l Fthz;lk; vz;fs; / Jiz Mw;wy;  kl;lq;fisf;51. tpLgl;l Fthz;lk; vz;fs; / Jiz Mw;wy;  kl;lq;fisf;51. tpLgl;l Fthz;lk; vz;fs; / Jiz Mw;wy;  kl;lq;fisf;    fz;fz;fz;fz;lwpf.lwpf.lwpf.lwpf.    

n l m Jiz Mw;wy; $LJiz Mw;wy; $LJiz Mw;wy; $LJiz Mw;wy; $L    

? ? 0 4d 
3 1 0 ? 
? ? ? 5p 
? ? -2 3d 

    

log Value 
5.28 0.7226 (-) 
0.6 1 .7782 

 0.9444 
Antilog(0.9444) = 8.798 
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tpil:tpil:tpil:tpil:    

n l m Jiz Mw;wy; $LJiz Mw;wy; $LJiz Mw;wy; $LJiz Mw;wy; $L 
4 2 0 4d 
3 1 0 3p 

5 1 
VNjDk; xU kjpg;G 

-1, 0, +1 
5p 

3 2 -2 3d 
 

$Ljy; tpdhf;fs; 
 

2 kw;Wk; 3 kjpg;ngz; tpdh tpilfs;2 kw;Wk; 3 kjpg;ngz; tpdh tpilfs;2 kw;Wk; 3 kjpg;ngz; tpdh tpilfs;2 kw;Wk; 3 kjpg;ngz; tpdh tpilfs; 

52. n`a;rd; gHf;fpd; epr;52. n`a;rd; gHf;fpd; epr;52. n`a;rd; gHf;fpd; epr;52. n`a;rd; gHf;fpd; epr;rakw;wj; jd;ik Nfhl;ghL tiuaW.rakw;wj; jd;ik Nfhl;ghL tiuaW.rakw;wj; jd;ik Nfhl;ghL tiuaW.rakw;wj; jd;ik Nfhl;ghL tiuaW. 

(SEP 20, JUL 22, MAR 23) 
Ez;Jfs; xd;wpd; epiy kw;Wk; ce;jk; Mfpa ,uz;bidAk; xNu Neuj;jpy; kpfj; 
Jy;ypakhff; fz;lwpa ,ayhJ. 

∆x. ∆p ≥ h/4π 
53. MHgpl;lhy; tiuaW.53. MHgpl;lhy; tiuaW.53. MHgpl;lhy; tiuaW.53. MHgpl;lhy; tiuaW.    
 XH mZtpy;> mZf;fUit Rw;wpAs;s gFjpapy; mjpfgl;r mlHj;jpiaf; nfhz;Ls;s 

vyf;l;uhd; epfo;jfT MHgpl;lhy; vdg;gLk;. 

54. M54. M54. M54. M‡‡‡‡gh jj;Jtk; tiuaW.gh jj;Jtk; tiuaW.gh jj;Jtk; tiuaW.gh jj;Jtk; tiuaW.    
    ,ay;G Mw;wy; epiyapy; cs;s mZtpd; MHgpl;lhy;fs; mtw;wpd; Mw;wypd;; 

VWtupirahy; epug;gg;gLfpd;wd. 

55. ngsyp jtpHf;ifj; jj;Jtk; tiuaW.55. ngsyp jtpHf;ifj; jj;Jtk; tiuaW.55. ngsyp jtpHf;ifj; jj;Jtk; tiuaW.55. ngsyp jtpHf;ifj; jj;Jtk; tiuaW.    
    xU mZtpy; cs;s ve;j ,U vyf;l;uhd;fSf;Fk;> mtw;wpd; ehd;F Fthz;lk; 

vz;fspd; kjpg;gpd; njhFg;Gk; xd;whf ,Uf;fhJ. 

56. `Pz;l; tpjp tiuaW.56. `Pz;l; tpjp tiuaW.56. `Pz;l; tpjp tiuaW.56. `Pz;l; tpjp tiuaW.    
    rk Mw;wYila MHgpl;lhy;fspy; vyf;l;uhd; epug;gg;gLk;NghJ epug;gg;gLtjw;F 

tha;g;Gs;s midj;J rk Mw;wYila MHgpl;lhy;fSk; xw;iw vyf;l;uhdhy; 
epug;gg;gl;l gpd;dNu> vyf;l;uhd; ,ul;ilahjy; epfOk;. 

57. gupkhw;w Mw;wy; tiuaW.57. gupkhw;w Mw;wy; tiuaW.57. gupkhw;w Mw;wy; tiuaW.57. gupkhw;w Mw;wy; tiuaW.    
    rk Mw;wYila MHgpl;lhy;fspy; ,uz;L my;yJ mjw;F Nkw;gl;l xU jw;Row;rp 

cila vyf;l;uhd;fs; ,Uf;Fkhapd;> mitfspDila ,lq;fis gupkhw;wpf; 
nfhs;tjw;F tha;g;G cs;sJ. gupkhw;wk; milAk; epfo;tpd; NghJ ntspaplg;gLk; 
Mw;wy; gupkhw;w Mw;wy; MFk;. 

58.58.58.58.    J.J.    jhk;rd; mZ khjpupia tpsf;Ff.jhk;rd; mZ khjpupia tpsf;Ff.jhk;rd; mZ khjpupia tpsf;Ff.jhk;rd; mZ khjpupia tpsf;Ff.    
mZthdJ NeHkpd;RikAila Nfhsk; Nghd;w mikg;GilaJ. 
mf;Nfhsj;jpy; vjpHkpd;RikAila vyf;l;uhd;fs;> jHg+rdpapy; tpijfs; nghjpe;J 
itf;fg;gl;Ls;sJ vd Fwpg;gpl;lhH. 
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59.59.59.59. d kw;Wk;kw;Wk;kw;Wk;kw;Wk;    f MHgpl;lhYf;fhd MHgpl;lhy; Nfhz ce;jj;ij fz;Lgpbf;fTk;.MHgpl;lhYf;fhd MHgpl;lhy; Nfhz ce;jj;ij fz;Lgpbf;fTk;.MHgpl;lhYf;fhd MHgpl;lhy; Nfhz ce;jj;ij fz;Lgpbf;fTk;.MHgpl;lhYf;fhd MHgpl;lhy; Nfhz ce;jj;ij fz;Lgpbf;fTk;.    
(JUNE 19) 

MHgpl;lhy; Nfhz ce;jk; = ( ) h
21 π+l l  

‘d’ MHgpl;lhy;;; l  = 2 

MHgpl;lhy; Nfhz ce;jk; = ( ) 6hh2 2 1 2 2π π
+ =  

f Mh;gpl;lhy; l  = 3 

MHgpl;lhy; Nfhz ce;jk; = ( ) h h 3 h
3 3 1 2 3

2 2π π π
+ = × =  

60.60.60.60. rk Mw;wy; cila MHgpl;lhy;fspy;> rupghjpasT kw;Wk; KOtJk; epug;gg;gl;lrk Mw;wy; cila MHgpl;lhy;fspy;> rupghjpasT kw;Wk; KOtJk; epug;gg;gl;lrk Mw;wy; cila MHgpl;lhy;fspy;> rupghjpasT kw;Wk; KOtJk; epug;gg;gl;lrk Mw;wy; cila MHgpl;lhy;fspy;> rupghjpasT kw;Wk; KOtJk; epug;gg;gl;l    
MHgpl;lhy;fs;> gFjpasT epug;gg;gl;l MHgpl;lhy;fis fhl;bYk; mjpfMHgpl;lhy;fs;> gFjpasT epug;gg;gl;l MHgpl;lhy;fis fhl;bYk; mjpfMHgpl;lhy;fs;> gFjpasT epug;gg;gl;l MHgpl;lhy;fis fhl;bYk; mjpfMHgpl;lhy;fs;> gFjpasT epug;gg;gl;l MHgpl;lhy;fis fhl;bYk; mjpf    
epiyg;G jd;ik ngWtJ Vd;?epiyg;G jd;ik ngWtJ Vd;?epiyg;G jd;ik ngWtJ Vd;?epiyg;G jd;ik ngWtJ Vd;?    (SEP 20) 
rupghjpasT kw;Wk; KOikahf epug;gg;gl;l mikg;Gfspy;> vyf;l;uhd;fs; rkr;rPuhf 
gq;fplg;gl;Ls;sd. vdNt> mit gFjpasT epug;gg;gl;l MHgpl;lhy;fis 
fhl;bYk; mjpf epiyg;Gj; jd;ik ngWfpwJ. 

61.61.61.61. L-Mw;wy; kl;lj;jpy; fhzg;gLk; mjpfgl;r vyf;l;uhd;fspd; vz;zpf;ifiaMw;wy; kl;lj;jpy; fhzg;gLk; mjpfgl;r vyf;l;uhd;fspd; vz;zpf;ifiaMw;wy; kl;lj;jpy; fhzg;gLk; mjpfgl;r vyf;l;uhd;fspd; vz;zpf;ifiaMw;wy; kl;lj;jpy; fhzg;gLk; mjpfgl;r vyf;l;uhd;fspd; vz;zpf;ifia    
fzf;fpLf.fzf;fpLf.fzf;fpLf.fzf;fpLf.    (MAY 22) 
mjpfgl;r vyf;l;uhd;fspd; vz;zpf;ifia = 2n2 = 2 × 22 = 8 

62.62.62.62. iel;u[dpd; vyf;l;uhd; mikg;G kw;Wk; Mh;gpl;lhy; tiuglj;jpid vOJf.iel;u[dpd; vyf;l;uhd; mikg;G kw;Wk; Mh;gpl;lhy; tiuglj;jpid vOJf.iel;u[dpd; vyf;l;uhd; mikg;G kw;Wk; Mh;gpl;lhy; tiuglj;jpid vOJf.iel;u[dpd; vyf;l;uhd; mikg;G kw;Wk; Mh;gpl;lhy; tiuglj;jpid vOJf.    
(MAY 22) 

iel;u[dpd; vyf;l;uhd; mikg;G = 1s2 2s2 2p3 

iel;u[dpd; Mh;gpl;lhy; tiuglk; 

 

 

 

  

   

 1s2 2s2   1
x2p  1

y2p   
1
z2p   

 

Ie;J kjpg;ngz; tpdh tpilfs; 

63. &jHNghHL Nrhjid kw;Wk; mZkhjpupia tpsf;Ff.63. &jHNghHL Nrhjid kw;Wk; mZkhjpupia tpsf;Ff.63. &jHNghHL Nrhjid kw;Wk; mZkhjpupia tpsf;Ff.63. &jHNghHL Nrhjid kw;Wk; mZkhjpupia tpsf;Ff.    

Nrhjid:Nrhjid:Nrhjid:Nrhjid: xU nky;ypa jq;fj; jfl;by; α-fjpHfis tpOkhW nra;jhH. 
KbTfs;KbTfs;KbTfs;KbTfs;::::    
1. ngUk;ghyhd α-fjpHfs; jq;fj; jfl;bd; topNa ntspNawpd. 
2. rpy α-fjpHfs; rpwpa Nfhzj;jpy; tpyfy; mile;jJ. 

3. kpfr;rpy α-fjpHfs; 180° Nfhzj;jpy; kPs; tpyfy; mile;jJ. 
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mZkhjpup:mZkhjpup:mZkhjpup:mZkhjpup:    mZthdJ xU kpfr;rpwpa NeHkpd; jd;ikAila mZf;fUtpidf; 
nfhz;Ls;sJ. ,e;j mZf;fUtpidr; Rw;wp vyf;l;uhd;fs; mjpf Ntfj;jpy; 
Rw;wp tUfpwJ. 

Fiwfs;:Fiwfs;:Fiwfs;:Fiwfs;: mZf;fUtpidr; Rw;wp vyf;l;uhd;fs; vt;thW gutpAs;sd vd;gijAk;> 
vyf;l;uhd; Mw;wiyAk; ,k;khjpup tpsf;ftpy;iy. 

64. NghH mZkhjpup Nfhl;ghLfis tpsf;Ff.64. NghH mZkhjpup Nfhl;ghLfis tpsf;Ff.64. NghH mZkhjpup Nfhl;ghLfis tpsf;Ff.64. NghH mZkhjpup Nfhl;ghLfis tpsf;Ff.    
1. vyf;l;uhdpd; Mw;wy; tiuaWf;fg;gl;l kjpg;Gfisg; ngw;wpUf;Fk;. 
2. vyf;l;uhd;fs; mZf;fUtpidr; Rw;wp rpy Fwpg;gpl;l Mw;wYila MHgpl; 
vDk; epiytl;lg; ghijapy; kl;Lk; Rw;wp tUfpwJ. 

3. xU Fwpg;gpl;l tl;lg;ghijapy; Rw;wptUk; vyf;l;uhdpd; Nfhz ce;j kjpg;G 

mvr MdJ> 
h

2π
d; KO vz; klq;fhf ,Uf;Fk;. 

mvr = 
nh

2π
 n = 1, 2, 3...... 

4. vyf;l;uhd; tl;lg;ghijapy; Rw;wptUk;NghJ Mw;wiy ,og;gjpy;iy. 
5. xU vyf;l;uhd; caH Mw;wYila (E2) tl;lg;ghijapypUe;J> jho;e;j 
Mw;wYila (E1) tl;lg;ghijf;F jhTk;NghJ> mjpfg;gbahd Mw;wy; 
fjpHtPr;rhf ntspg;gLfpwJ. fjpHtPr;rpd; mjpHntz; 

hγ = E2 – E1 

2 1E E
γ =

h

−
 

65. NghH mZkhjp tuk;Gfs; ahit?65. NghH mZkhjp tuk;Gfs; ahit?65. NghH mZkhjp tuk;Gfs; ahit?65. NghH mZkhjp tuk;Gfs; ahit?    
1. i`l;u[d;> Li 2+ Nghd;w xw;iw vyf;l;uhd;fisf; nfhz;ltw;wpw;F kl;Lk; 
gad;gLj;jyhk;. gy vyf;l;uhd;fis nfhz;l mZf;fSf;F ,f;nfhs;ifia 
gad;gLj;j ,ayhJ. 

2. fhe;jg;Gyj;jpy; epwkhiyf; NfhLfs; (rPkd; tpisT) gpupifailjy; kw;Wk; 
kpd;Gyj;jpy; epwkhiyf; NfhLfs; gpupifailjy; (];lhHf; tpisT) 
Mfpatw;iw ,f;nfhs;if tpsf;ftpy;iy. 

3. mZf;fUtpidr; Rw;wp vyf;l;uhd;fs; mtw;wpd; Nfhz ce;jj;jpd; (mvr) 

kjpg;G 
nh

2π
f;F rkkhf ,Uf;Fk; rpy Fwpg;gpl;l tl;lg;ghijfspy; kl;LNk 

Roy;tjw;F mbg;gilf; fhuzj;ij tpsf;f ,aytpy;iy.    
66. b-gpuhf;Ns rkd;ghl;il tUtp.66. b-gpuhf;Ns rkd;ghl;il tUtp.66. b-gpuhf;Ns rkd;ghl;il tUtp.66. b-gpuhf;Ns rkd;ghl;il tUtp.    (MAR 19) 

gpshq;f; Fthz;lk; nfhs;ifg;gb 
 E = hγ ... (1) 
Id;];Bd; epiw Mw;wy; rkd;ghl;bd; gb 
 E = mc2 ... (2) 
(1)> (2)I xg;gpl 
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 mc2 = hυ 

 mc2 = h
c

λ
 

c
υ =

λ

 
 
 
Q  

 
h

λ =
mc

 ... (3) 

mc vd;w ce;jKila Nghl;lhdpd; miyePskhFk;. 
‘m’ epiwAila ‘v’ jpirNtfj;jpy; ,aq;Fk; gUg;nghUs; Jfspd; rkd;ghL 

 
h

λ =
mv

 

,r;rkd;ghL> xspapd; jpirNtfj;ijf; fhl;bYk;> kpff;Fiwthd Ntfj;jpy; ,aq;Fk; 
Jfs;fSf;F kl;Lk; nghUe;Jk;. 

67. mZtpd;67. mZtpd;67. mZtpd;67. mZtpd;    Fthz;lk; ,af;ftpay; khjpupapd; Kf;fpaf; $Wfis vOJf.Fthz;lk; ,af;ftpay; khjpupapd; Kf;fpaf; $Wfis vOJf.Fthz;lk; ,af;ftpay; khjpupapd; Kf;fpaf; $Wfis vOJf.Fthz;lk; ,af;ftpay; khjpupapd; Kf;fpaf; $Wfis vOJf.    
1. mZtpy; cs;s vyf;l;uhd;fspd; Mw;wy; Fwpg;gpl;l kjpg;Gfis ngw;wpUf;Fk;. 
2. tiuaWf;fg;gl;l vyf;l;uhd; Mw;wy; kl;lq;fs; fhzg;gLtJ vd;gJ 
vyf;l;uhd;fspd; miyapid xj;j gz;ghFk;. 

6. ];bNuhq;fH miyr;rkd;ghL jPHTfs; MHgpl;Lfis jUfpwJ. 
3. n`a;rd;gHf; epr;rakw;w Nfhl;ghl;bd;gb> vyf;l;uhd; xd;wpd; Jy;ypakhd 
epiy kw;Wk; ce;jj;jpid kpfj;Jy;ypakhf fz;lwpa ,ayhJ. 

4. vyf;l;uhd;fis fhz;gjw;F mjpfgl;r epfo;jftpidg; ngw;Ws;s 
Kg;gupkhz ntsp> MHgpl;lhy; vdg;gLk;. 

5. mDkjpf;fg;gl;l Mw;wy; kjpg;GfSf;F \;Nuhbq;fH miyr;rkd;ghl;bd; jPHthdJ 
miyr;rhHG ψIj; jUfpwJ. miyr;rhHG ψIg; gad;gLj;jp vyf;l;uhdpd; 
miyg;gz;gpid ed;F tpsf;fyhk;. 

6. vyf;l;uhd;fisf; fhz;gjw;fhd epfo;jfthdJ vg;NghJk; NeHf;Fwp kjpg;ig 
ngw;wpUf;Fk;. 

68. Fthz;lk; vz;fs; gw;wp Fwpg;ngOJf.68. Fthz;lk; vz;fs; gw;wp Fwpg;ngOJf.68. Fthz;lk; vz;fs; gw;wp Fwpg;ngOJf.68. Fthz;lk; vz;fs; gw;wp Fwpg;ngOJf.    (SEP 21, JUL 22, MAR 23, JUNE 23)    
mZtpy; cs;s vyf;l;uhid Fwpg;gpl Njitahd Fwpg;Gfs; Fthz;lk; vz;fs; 
MFk;. 

(i)  Kjd;ikf; Fthz;lk; vz; ()  Kjd;ikf; Fthz;lk; vz; ()  Kjd;ikf; Fthz;lk; vz; ()  Kjd;ikf; Fthz;lk; vz; (n):):):): mZf;fUtpidr; Rw;wp vyf;l;uhd;fs; Rod;W 
tUk; Mw;wy; kl;lj;jpid Fwpf;Fk;. ,J ‘n’  vd Fwpg;gplg;gLk;. 
n = 1, 2, 3 

 
 

Fwpg;gpl;l $l;by; cs;s mjpfgl;r vyf;l;uhid 
fhz cjTk; tha;g;ghL 2n2 MFk;. 

‘n’ 
kjpg;Gkjpg;Gkjpg;Gkjpg;G    

Fwpg;gpLk;Fwpg;gpLk;Fwpg;gpLk;Fwpg;gpLk;    
$L$L$L$L    

1 K 

2 L 

3 M 

4 N 
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vyf;l;uhdpd; Mw;wy; 
2

-1
n 2

( 1312.8)z
E = kJ.mol

n

−
 

mZtpypUe;J vyf;l;uhd; mike;Js;s J}uk; = 
2

n

(0.529)n
r = Å

Z
 

 (ii) Nfhz ce;jf; Fthz;lk; vz; (Nfhz ce;jf; Fthz;lk; vz; (Nfhz ce;jf; Fthz;lk; vz; (Nfhz ce;jf; Fthz;lk; vz; (l) 
,J g+[;ak; Kjy; (n – 1) tiuapyhd kjpg;ig 
ngw;Ws;sJ. xt;nthU ‘ l’ kjpg;Gk; Jizf;$l;bid 
Fwpf;fpwJ. 

 

xU Jizf;$l;by; cs;s mjpfgl;r vyf;l;uhd; 
vz;zpf;if  = 2(2l + 1) 

MHgpl;lhy; Nfhz ce;jk; 
h

= ( +1)
2π

l l  

(iii) fhe;jf; Fthz;lk; vz;fhe;jf; Fthz;lk; vz;fhe;jf; Fthz;lk; vz;fhe;jf; Fthz;lk; vz;    (mr) 
,J -l Kjy; g+[;aj;ij cs;slf;fp +l tiu kjpg;ig ngw;Ws;sJ. 
‘m’d; ntt;NtW kjpg;Gfs; Kg;gupkhz ntspapy; MHgpl;lhy;fspd; 
jpiraikg;ig Fwpf;fpwJ. 

(iv) jw;Row;rpf; Fthz;lk; vz; (jw;Row;rpf; Fthz;lk; vz; (jw;Row;rpf; Fthz;lk; vz; (jw;Row;rpf; Fthz;lk; vz; (ms) 
,J vyf;l;uhd;fspd; jw;Row;rpapidj; jUfpwJ. vyf;l;uhd;fs; jdJ Ra 
mr;rpy; jdf;Fj;jhNd fbfhuKs; RoYk; jpirapNyh my;yJ mjw;F vjpH 
jpirapNyh Roy;fpwJ. 

ms d; kjpg;Gfs; 
1

2
+  kw;Wk; 

1

2
−  

69. MHgpl;lhy;fspd; tbtq;fis tpsf;Ff.69. MHgpl;lhy;fspd; tbtq;fis tpsf;Ff.69. MHgpl;lhy;fspd; tbtq;fis tpsf;Ff.69. MHgpl;lhy;fspd; tbtq;fis tpsf;Ff.    
s-MHgpl;lhy;:MHgpl;lhy;:MHgpl;lhy;:MHgpl;lhy;: 1s MHgpl;lhYf;F>    l = 0; 
m = 0 Nfhs tbtk; ngw;Ws;sJ. 
vyf;l;uhidf; fhz;gjw;fhd epfo;jfT 
mZf;fUtpypUe;J cs;s jpirapid 
nghUj;J miktjpy;iy. 

p-MHgpl;lhy;:MHgpl;lhy;:MHgpl;lhy;:MHgpl;lhy;:    l = 1; m = −1, 0, +1 
%d;W jpirg;gz;G cila ‘P’  MHgpl;lhy; Px, Py, Pz vd Fwpaplg;gLfpwJ. 
‘2p’ MHgpl;lhy; xU fZj;jsj;jpid ngw;Ws;sJ. 

‘ l’ 
kjpg;Gkjpg;Gkjpg;Gkjpg;G    

Jizf;Jizf;Jizf;Jizf;    
$L$L$L$L    

0 s 
1 p 
2 d 
3 f 
4 g 
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    fDj;jsk;fDj;jsk;fDj;jsk;fDj;jsk;    yz    fDj;fDj;fDj;fDj;jsk;jsk;jsk;jsk;    xz fDj;jsk;fDj;jsk;fDj;jsk;fDj;jsk;    xy 

d-MHgpl;lhy;:MHgpl;lhy;:MHgpl;lhy;:MHgpl;lhy;:    l = 2; m = -2, -1, 0, +1, +2 
FNshtH ,iy tbtikg;ig ngw;Ws;sJ. 
‘3d’ MHgpl;lhy; ,U fZj;jsk; ngw;Ws;sJ. 

'Ie;J kjpg;Gfis cila ‘d’ MHgpl;lhy; dxy, dyz, dxz, 2 2 2x -y z
d ,d  vd 

Fwpf;fg;gLfpwJ. 

 
f -MHgpl;lhy;:MHgpl;lhy;:MHgpl;lhy;:MHgpl;lhy;:    l = 3; m = -3, -2, -1, 0, +1, +2, +3 
,k;kjpg;GfSf;F njhlHGila MHgpl;lhy;fs; 

 
2 2 2 2 2 3 2 2 2xyzy(3x -y ) z(x -y ) yz z xz x(x -3y )

f , f , f , f , f , f , f  

%d;W fZj;jsk; ngw;Ws;sJ. 
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