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CLASS XII :  ASSIGNMENT : CH-12 : ATOMS : PHYSICS

DISTANCE OF CLOSEST APPROACH AND IMPACT PARAMETER

1. Why does the mass of the nucleus not enter the formula for the impact parameter but its charge
does?

2. In the Rutherford scattering experiment, if a proton is taken instead of an alpha particle, then for
the same distance of closest approach, how much kinetic energy in comparison to the kinetic
energy of the alpha particle will be required?

3. Define the distance of the closest approach and impact parameter.

4. What is the impact parameter for the scattering of alpha particles by 180°?

5. For a given impact parameter b, does the angle of deflection increase decrease with the
increase in energy?

6. for the scattering of alpha particles at large angles only the nucleu responsible,
Explain why?

7. The kinetic energy of alpha particle incident on gold foil is doubléd. as the distance of the
closest approach change?

8. Why is an electron supposed to be revolving around the n ;

9. In the original experiment, Geiger and Marsden calculat i ce of the closest approach to
the gold nucleus (Z= 79)- of a 7.7 MeV a-particle bef ntarily to rest and reverses
its direction. What is its value? (Ans: 30 fermi)

10. A 4 MeV alpha particle is scattered through 203
impact parameter if Z for gold is 79. Given ta

11. In the Geiger- Marsden experiment, calcu
of Z = 80 when an a-particle of 8 Me
and reverses its direction. (Ans: 2.82

12. Calculate the impact parametegof a 5 ha particle scattered by 10° when it approaches a
gold nucleus. Take Z = 79 for gald. Given tam5°= 0.0875 (Ans: 2.6 x 10713 m)

13.In a Geiger-Marsden exp€rime ulate the energy of an alpha-particle whose distance of
closest approach to t leus of Z&79 is 2.8 x 10°* m. How will the distance of the closest
approach be affect kingtic energy of the a-particle is doubled?Ans: E=1.3 x 10*? J and
ro=1.4 x 10 m.

14. In a Geiger- e t, what is the distance of the closest approach to the gold nucleus
ofa7.7 M re it comes to rest momentarily and reverses its direction? Ans: 29.5
fermi

15.Inah gen atom, if the electron is replaced by a particle that is 200 times heavier but has the
same cha

16. The energy levels of an atom are shown in the figure. Which transition corresponds to the emission

of radiation of

(i) Maximum wavelength
(ii) Minimum wavelength? (Ans: Transition A and Transition D)
0 eV
Ay —2eV
By Cy 45eV
D
y 10 eV
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17. Define ionization energy. How would the ionization energy change when an electron in a hydrogen
atom is replaced by a particle 200 times heavier than the electron, but having the same charge?

18. The energy of an electron in the ground state of a hydrogen atom is -13.6 eV. How much energy is
required to take an electron in this atom from the ground state to the first excited state? (Ans:
10.2 eV)

19. Show that Bohr’s second postulate “The electron revolves around the nucleus only in certain fixed
orbits without radiating energy” can be explained on the basis of de Broglie's hypothesis of the
wave nature of electrons.

20. The electron in the hydrogen atom passes from the n = 4 energy level to the n =1 level. What is the

maximum number of photons that can be emitted? And the minimum numb
21. (i) The energy levels of an atom are shown in the figure. Which of them will reSult in the emission
of a photon of wavelength 275 nm?
ele

(ii) Which transition corresponds to the emission of radiation of m h? (Ans: E =
4.5 eV, Transition B-275 nm; Transition A- 2eV) EQ
0 eV
Al -2 eV \
By Cy &

~4.5 eV

D
Y 10 eV

22. The short wavelength limits of the Lyman, Pds
are denoted by A, Ap, and Ag respectively.
7\5 < 7\P-)

23. The ground state energy of the hydr

24. Write an expression for Bohr’ ius i ogen atom.
25. Name the spectral series en atém which are in the Infrared region.
26. When is Hq line of the Bal e emission spectrum of hydrogen atoms obtained?
. In Bohr’s theory of the hat is the implication of the fact that the potential energy
it0de than the kinetic energy?

city of electron in a hydrogen atom in the ground state?
ydrogen atom which lies in the UV region.
of radii of orbits corresponding to the first excited state and ground state in a

. What is theYonization potential of the hydrogen atom?

35. What are the values of the first and second excitation potential of hydrogen atoms?

36. Name the series of hydrogen spectrum which lies in the visible region of the hydrogen spectrum.

37. The wavelength of some of the spectral lines obtained in the hydrogen spectrum are 1216 A°, 6463
A% and 9546 A°. Which of these wavelengths belongs to the Paschen series?

38. The radius of the innermost electron orbit of the hydrogen atom is 5.3 x 10''m. What is the radius

of orbit in the second excited state? (Ans: 4.77 x 101° m)
39. The energy of the electron in the Hydrogen atom is En = % eV, wheren=1, 2, 3,4.....Show that
(i) The electron in a hydrogen atom cannot have an energy of -6.8 eV.
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(ii) Spacing between the lines (consecutive energy level) within the given set of observed
hydrogen spectrum decreases as n increases.

. The energy level diagram of an element is given here. Which transition corresponds to the
emission of a spectral line of wavelength 102.7 nm? (Ans: Transition D, 12.1 eV)
-0.85 eV
A
-1.5eV
B C
L -3.4eV
D
X -13.6 eV
. In the ground state of a hydrogen atom, its Bohr’s radius is 5.3 x 10t m. is excited such

that the radius becomes 21.2 x 10"*m. Find the value of the princip er and total
energy of the atom in the excited state. (Ans: n =2, E =-3.4 eV)

In Rutherford’s nuclear model of the atom, the nucleus (radi

is analogous to the
h orbits around the
sun. If the dimensions of the solar system had the same of the atom, would the

earth be closer or farther away from the sun than act

initial frequency of the light
emitted by the electron revolving around a p i gen atom. (Ans: 6.6 x 10%°Hz)

A 10 kg satellite circles the earth once n orbit having a radius of 8000 Km.
Assuming that Bohr’s angular mome pplies to a satellite just as it does to an
electron in the hydrogen atom, fin ber of the orbit of the satellite. (Ans: 5.3 x
1045)

Using the Rydberg formula, C
series of the hydrogen spe

late th lengths of the first four spectral lines in the Lyman

: 1218%A°, 1028A°, 974.3A° and 951.4A°)

as the same energy as the ground state of the hydrogen

atom? Compare the or ii o levels. (Ans: n =3, r =3)

Which level of th i ** has the same orbital radius as that of the ground state of

hydrogen? Com ies of the two states. (Ans: n =2, E ratio: 4)

The ground_s ergy ofjthe hydrogen atom is -13.6 eV. If an electron makes a transition from

an energy leviel o 85 to -3.4eV, Calculate the wavelength of the spectral line emitted. To

rog@n spectrum does this wavelength belong? (Ans: 4852 A°, visible region)
electron in the first excited state of the hydrogen atom is about -3.4eV.

(i) e kinetic energy of an electron in this state?

(ii) at is the potential energy of an electron in this state?

(iii) Whieh of the answers above would change if the choice of zero of potential energy is
changed? (Ans: + 3.4eV, - 6.8 eV, K.E. does not change, P.E. and total energy of the state
would change)

A 12.5 eV electron beam is used to excite a gaseous hydrogen atom at room temperature.

Determine the wavelengths and the corresponding series of lines emitted. (Ans: 6.5476 x 107m,

first line of Balmer series; 3.068 x 10”’m, Lyman series)

Calculate the ratio of the frequencies of radiation emitted due to the transition of the electron in a

hydrogen atom from its

(i) Second permitted energy level to the first level and

(ii) Highest permitted energy level to second permitted level. (Ans: 10.2 eV, 3.4 eV, ratio:3)
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