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The book is intended for col-
lege undergraduates majoring
in physics. It contains about
2000 problems covering the
major areas of physical
science: mechanics, ther-
modynamics, molecular
physics, electrodynamics,
oscillations and waves, optics,
atomic and nuclear physics.
Each section is preceded by a
short summary of appropriate
formulas whose total number
exceeds 300. The answers to
all problems are given at the
end of the volume. The most
difficult problems are provided
with explanations. Moreover,
the author presents some
general hints helping the
undergraduate to tackle the
physical problems.

Problems in General Physics is
an excellent book which may
serve as a valuable supplement
to any college course on the
subject.



Igor Evgenyevich Irodov, Can-
didate of Sciences (Physics
and Mathematics), Professor of
General Physics, has published
a number of scientific papers
and books, among which are
several manuals: Fundamental
Laws of Mechanics, Problems
in General Physics,

A Laboratory Course on Optics.
His Problem Book on Atomic
and Nuclear Physics appeared
in six Russian editions, and
was published in Great Britain,
USA, Romania, and twice in
Poland.

A Problem Book on General
Physics (with I. V. Savelyev and
0. |. Zamsha as co-authors)
was printed three times in Rus-
sian and published in Poland.
Mir Publishers have translated
it into French; its publication
in Arabic and Vietnamese is
expected.



ABOUT THE PUBLISHERS

Mir Publishers of Moscow publishes Soviet scien-
tific and technical literature in twenty-five
languages comprising those most widely used.
Titles include textbooks for higher technical and
vocational schools, literature on the natural
sciences and medicine, popular science and
science fiction. The contributors to Mir Publishers
are leading Soviet scientists and engineers from all
fields of science and technology. Skilled staff pro-
vides a high standard of translation from the
original Russian. Many of the titles already issued
by Mir Publishers have been adopted as textbooks
and manuals at educational institutions in India,
France, Cuba, Syria, Brazil, and many other coun-
tries.

Books from Mir Publishers can be purchased or
ordered through booksellers in your country dealing
with V/O “Mezhdunarodnaya Kniga”, the authorized

ISBN 5-03-000800-4



AOPOJ'T’| SOISAYd [e3aUaD U SWIqOsE

ey

Problems
in General
Physics

|.E.lrodov




MENDELEEV’S PERIODIC

ey
2 % Groups of
5|3 I 11 11 v v
1 1
Li 3 Be 4 5 B 6 C 7 N
1I 9 Lithium | Beryllium Boron Carbon Nitrogen
6.94 9.0122 10.811 12.01115 14.0067
Na 11 Mg 12 13 Al 14 Si 15 P
111 3 Sodium |Magnesium| Aluminium Silicon Phosphorus
22.9898 24.305 26.9815 28.086 30.9376
K 19 Ca 20 |Sc 21 Ti 22 V 23
4 Potassium Calcium | Scandium Titanium Vanadium
IV 39.098 40.08 44.956 47.90 50.942
29 Cu] 30 Zn| 31 Ga 32 Ge| 33 As
5 Copper Zinc Gallium | Germanium | Arsenic
63.546 65.38 69.72 72.59 74.9216
Rb 37 Sr 38 Y 39 Zr 40 Nb 41
6 Rubidium Strontium Yttrium Zirconium Niobium
v 85.47 87.62 . 88.906 91.22 92.906
47 Ag| 48 Cd| 49 In 50 Sn 51 Sb
7 Silver Cadmium Indium Tin Antimony
107.868 112.40 114.82 118.69 121.75
Cs 55 Ba 56 La 57 * Hf 72|Ta 73
8 Cesium Barium Lanthanum ; Hafnium | Tantalum
VI 132.905 137.34 138.91 91 178.49 180.948
79 Au 80 Hg 81 TI 82 Pb 83 Bi
9 Gold Mercury Thallium Lead Bismuth
196.967 200.59 204.37 207.19 208.980
Fr 87 Ra 88 Ac 89 ’I;)Ku 104 105
VII| 10 | Francium Radium jActinium ? Kurchatovium|
[223] 2926.0254 [227] S| i261]
* LANTHANI
Ce 58|Pr 59 Nd 60 Pm 61 Sm 62|Eu 63 |Gd 64
Cerium (Praseodymium|Neodymium|Promethium{Samarium|Europium |Gadelinium
14012 140907 144.24 [145] 150.35 151.96 157.25
** ACTINI
Th 90 |[Pa 91 U 92 [Np 93 |Pu 94 |Am 95 |Cm 96
Thorium | Protactinium { Uranium | Neptunium | Plutonium|Americium Curium
232.038 (231.0359 238.03  |[237] [244] [243] [247]







Problems in General Physics



. E. Upogos
3A0AYA NO OBLLUENA DU3UKE

HspaTenbcreo «HayHa» Mockea



|.E.lIrodov

Problems
in General

Physics

Mir Publishers Moscow



Translated from the Russian by Yuri Atanov

First published 1981

Second printing 1983

Third printing 1988

Revised from the 1979 Russian edition

Ha aneaulickom ssvire

Printed in the Union of Soviet Socialist Republics

ISBN 5-03-000800-4 © YaparenbctBo «Hayka», I'maBEas peparuus
dusMKO-MaTeMaTHIECKOU IuTeparype, 1979

@© English translation, Mir Publishers, 1981



PREFACE

This book of problems is intended as a textbook for students at
higher educational institutions studying advanced course in physics.
Besides, because of the great number of simple problems it may be used
by students studying a general course in physics.

The book contains about 1900 problems with hints for solving the
most complicated ones.

For students’ convenience each chapter opens with a time-saving
summary of the principal formulas for the relevant area of physics. As a
rule the formulas are given without detailed explanations since a stu-
dent, starting solving a problem, is assumed to know the meaning of the
quantities appearing in the formulas. Explanatory notes are only given
in those cases when misunderstanding may arise.

All the formulas in the text and answers are in SI system, except in
Part Six, where the Gaussian system is used. Quantitative data and
answers are presented in accordance with the rules of approximation and
numerical accuracy.

The main physical constants and tables are summarised at the end of
the book.

The Periodic System of Elements is printed at the front end sheet
and the Table of Elementary Particles at the back sheet of the book.

In the present edition, some misprints are corrected, and a number
of problems are substituted by new ones, or the quantitative data in
them are changed or refined (1.273, 1.361, 2.189, 3.249, 3.97, 4.194 and
5.78).

In conclusion, the author wants to express his deep gratitude to col-
leagues from MIPhI and to readers who sent their remarks on some prob-
lems | helping thereby to improve the book.

I.E. I'rodov
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A FEW HINTS FOR SOLVING
THE PROBLEMS

1. First of all, look through the tables in the Appendix, for many
problems cannot be solved without them. Besides, the reference data
quoted in the tables will make your work easier and save your time.

2. Begin the problem by recognizing its meaning and its formula-
tion. Make sure that the data given are sufficient for solving the
problem. Missing data can be found in the tables in the Appendix.
Wherever possible, draw a diagram elucidating the essence of the
problem; in many cases this simplifies both the search for a solution
and the solution itself.

3. Solve each problem, as a rule, in the general form, that is in
a letter notation, so that the quantity sought will be expressed in
the same terms as the given data. A solution in the general form is
particularly valuable since it makes clear the relationship between
the sought quantity and the given data. What is more, an answer ob-
tained in the general form allows one to make a fairly accurate judge-
‘ment on the correctness of the solution itself (see the next item).

4. Having obtained the solution in the general form, check to see
if it has the right dimensions. The wrong dimensions are an obvious
indication of a wrong solution. If possible, investigate the behaviour
of the solution in some extreme special cases. For example, whatever
the form of the expression for the gravitational force between two
extended bodies, it must turn into the well-known law of gravitational
interaction of mass points as the distance between the bodies increases.
Otherwise, it can be immediately inferred that the solution is wrong.

5. When starting calculations, remember that the numerical values
of physical quantities are always known only approximately. There-
fore, in calculations you should employ the rules for operating with
approximate numbers. In particular, in presenting the quantitative
data and answers strict attention should be paid to the rules of
approximation and numerical accuracy.

6. Having obtained the numerical answer, evaluate itsplausibil
ity. In some cases such an evaluation may disclose an error in the
result obtained. For example, a stone cannot be thrown by a man
over the distance of the order of 1 km, the velocity of a body cannot
surpass that of light in a vacuum, etc.



NOTATION

Vectors are written in boldface upright type, e.g., r, F; the same
letters printed in lightface italic type (r, F) denote the modulus of
a vector. '

Unit vectors

i, i, k are the unit vectors of the Cartesian coordinates z, y, z (some-
times the unit vectors are denoted as e,, e,, e,),

€y, €y, €, are the unit vectors of the cylindrical coordinates p, ¢, z,

n, T are the unit vectors of a normal and a tangent.

Mean values are taken in angle brackets ( ), e.g., (v), (P).

Symbols A, d, and 6 in front of quantities denote:
A, the finite increment of a quantity, e.g. Ar =r, — 1r;; AU =
= U2 —_ U].’
, the differential (infinitesimal increment), e.g. dr, dU,
, the elementary value of a quantity, e.g. 64, the elementary work.

On

Time derivative of an arbitrary function f is denoted by df/dt,
or by a8 dot over a letter, f.

Vector operator V (“nabla”). It is used to denote the following
operations:
Vo, the gradient of ¢ (grad ¢).
V.E, the divergence of E (div E),
V XE, the curl of E (curl E).

Integrals of any multiplicity are denoted by a single signS and
differ only by the integration element: dV, a volume element, dS,
a surface element, and dr, a line element. The sign § denotes an

integral over a closed surface, or around a closed loop.




































































































































1.265. A small body 4 is fixed to the inside of a thin rigid hoop of
radius R and mass equal to that of the body 4. The hoop rolls without
slipping over a horizontal plane; at the moments when the body A
gets into the lower position, the centre of the hoop moves with velocity

Fig. 1.69.

vp (Fig. 1.68). At what values of vy will the hoop move without bounc-
ing? ,

1.266. Determine the kinetic energy of a tractor crawler belt of
mass m if the tractor moves with velocity v (Fig. 1.69).

1.267. A uniform sphere of mass m and radius r rolls without slid-
ing over a horizontal plane, rotating about a horizontal axle 04
(Fig. 1.70). In the process, the centre of the
sphere moves with velocity v along a circle
of radius R. Find the kinetic energy of the
sphere.

1.268. Demonstrate that in the reference
frame rotating with a constant angular
velocity o about a stationary axis a body
of mass m experiences the resultant

(a) centrifugal force of inertia F,; =
= mw?R,, where R, is the radius vector
of the body’s centre of inertia relative to
the rotation axis;

(b) Coriolis force F.,, = 2m [vco], where
v¢ is the velocity of the body’s centre of Fig. 1.71.
inertia in the rotating reference frame.

1.269. A midpoint of a thin uniform rod 4B of mass m and length
l is rigidly fixed to a rotation axle OO’ as shown in Fig. 1.71. The
rod is set into rotation with a constant angular velocity w. Find the
resultant moment of the centrifugal forces of inertia relative to the
point C in the reference frame fixed to the axle OO’ and to the rod.

1.270. A conical pendulum, a thin uniform rod of length I and
‘mass m, rotates uniformly about a vertical axis with angular velocity
o (the upper end of the rod is hinged). Find the angle 6 between the
rod and the vertical.

1.271. A uniform cube with edge a rests on a horizontal plane whose
friction coefficient equals k. The cube is set in motion with an initial
velocity, travels some distance over the plane and comes to a stand-
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still. Explain the disappearance of the angular momentum of the
cube relative to the axis lying in the plane at right angles to the
cube’s motion direction. Find the distance between the resultants of
gravitational forces and the reaction forces exerted by the support-
ing plane.

1.272. A smooth uniform rod AB of mass M and length [ rotates
freely with an angular velocity o, in a horizontal plane about a sta-
tionary vertical axis passing through its end A. A small sleeve of
mass m starts sliding along the rod from the point A. Find the veloc-
ity v’ of the sleeve relative to the rod at the moment it reaches its
other end B.

1.273. A uniform rod of mass m = 5.0 kg and length [ = 90 em
rests on a smooth horizontal surface. One of the ends of the rod is struck
with the impulse J/ = 3.0 N-s in a horizontal direction perpendicular to
the rod. As a result, the rod obtains the momentum p=3.0 N-s. Find

the force with which one half of the rod will act on the other in
the process of motion.

1.274. A thin uniform square plate with side ! and mass M can
rotate freely about a stationary vertical axis coinciding with one of
its sides. A small ball of mass m flying with velocity v at right angles
to the plate strikes elastically the centre of it. Find:

(a) the velocity of the ball v’ after the impact;

(b) the horizontal component of the resultant force which the axis
will exert on the plate after the impact.

1.275. A vertically oriented uniform rod of mass M and length [
can rotate about its upper end. A horizontally flying bullet of mass
m strikes the lower end of the rod and gets stuck in it; as a result, the
rod swings through an angle a. Assuming that m <« M, find:

(a) the velocity of the flying bullet;

(b) the momentum increment in the system “bullet-rod” during
the impact; what causes the change of that momentum;

(c) at what distance x from the upper end of the rod the bullet must
strike for the momentum of the system “bullet-rod” to remain con-
stant during the impact.

1.276. A horizontally oriented uniform disc of mass M and radius
R rotates freely about a stationary vertical axis passing through its
centre. The disc has a radial guide along which can slide without
friction a small body of mass m. A light thread running down through
the hollow axle of the disc is tied to the body. Initially the body
was located at the edge of the disc and the whole system rotated with
an angular velocity w,. Then by means of a force ¥ applied to the
lower end of the thread the body was slowly pulled to the rotation
axis. Find:

(a) the angular velocity of the system in its final state;

(b) the work performed by the force F.

1.277. A man of mass m; stands on the edge of a horizontal uni-
form disc of mass m,and radius R which is capable of rotating freely
about a stationary vertical axis passing through its centre. At a cer-
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fice to s, with s being considerably less than the piston area.The
friction and viscosity are negligibly small.

1.323. A cylindrical vessel of height 2 and base area § is filled
with water. An orifice of area s < S is opened in the bottom of the
vessel. Neglecting the viscosity of wa-
ter, determine how soon all the water ;":,’\_—f
will pour out of the vessel. |

1.324. A horizontally oriented tube |
AB of length I rotates with a constant
angular velocity ® about a stationary
vertical axis OO’ passing through the end
A (Fig. 1.86). The tube is filled with an
ideal fluid. The end A of the tube is open,
the closed end B has a very small orifice.
Find the velocity of the fluid relative to
the tube as a function of the column
“height” h.

1.325. Demonstrate that in the case
of a steady flow of an ideal fluid Eq.
(1.7a) turns into Bernoulli equation.

1.326. On the opposite sides of a wide vertical vessel filled with
water two identical holes are opened, each having the cross-sectional

|
= 3 IWI- RZ 7 et 1]

Fig. 1.84. Fig. 1.85.
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area S = 0.50 cm®. The height difference between them is equal to
Ah = 51 cm. Find the resultant force of reaction of the water flow-
ing out of the vessel.

1.327. The side wall of a wide vertical cylindrical vessel of height

= 75 cm has a narrow vertical slit running all the way downto
the bottom of the vessel. The length of the slit is I = 50 ¢m and the
width b = 1.0 mm. With the slit closed, the vessel is filled with
water. Find the resultant force of reaction of the water flowing out of
the vessel immediately after the slit is opened.

1.328. Water flows out of a big tank along a tube bent at right an-
gles; the inside radius of the tube is equal to r = 0.50 cm (Fig. 1.87).
The length of the horizontal section of the tube is equal to [ = 22 cm.
The water flow rate is Q = 0.50 litres per second. Find the moment
of reaction forces of flowing water, acting on the tube’s walls, relative
to the point 0.
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1.329. A side wall of a wide open tank is provided with a narrow-
ing tube (Fig. 1.88) through which water flows out. The cross-sectional
area of the tube decreases from S = 3.0 cm?® to s = 1.0 cm? The
water level in the tank is # = 4.6 m higher than that in the tube.

0
4 7
w ————rr— R
(4% e — ]
Vi
0’ ‘
‘ Fig. 1.86

Neglecting the viscosity of the water, find the horizontal component
of the force tending to pull the tube out of the tank.

Fig. 1.87. Fig. 1.88.

1.330. A cylindrical vessel with water is rotated about its ver-
tical axis with a constant angular velocity . Find:

(a) the shape of the free surface of the water;

(b) the water pressure distribution over the bottom of the vessel
along its radius provided the pressure at the central point is equal to

o-1.331. A thin horizontal disc of radius R = 10 c¢m is located with-
in a cylindrical cavity filled with oil whose viscosity 5 = 0.08 P
(Fig. 1.89). The clearance between the disc and the horizontal planes

w
. ,
iz Wz
T T T m-
E — — —
7 T
Fig. 1.89.

of the cavity is equal to # = 1.0 mm. Find the power developed by
the viscous forces acting on the disc when it rotates with the angular
velocity @ = 60 rad/s. The end effects are to be neglected.

5—9451 65



























(a) the combined kinetic energy T of both neutrons in the frame
of their centre of inertia and the momentum p of each neutron in that
frame;

(b) the velocity of the centre of inertia of this system of particles.

Instruction. Make use of the invariant E? — p2%? remaining con-
stant on transition from one inertial reference frame to another (£
is the total energy of the system, p is its composite momentum).

1.385. A particle of rest mass m, with kinetic energy T strikes a
stationary particle of the same rest mass. Find the rest mass and the
velocity of the compound particle formed as a result of the collision.

1.386. How high must be the kinetic energy of a proton striking
another, stationary, proton for their combined kinetic energy in the
frame of the centre of inertia to be egual to the total kinetic energy
of two protons moving toward each other with individual kinetic
energies T = 25.0 GeV?

1.387. A stationary particle of rest mass m, disintegrates into three
particles with rest masses m,, m,, and mgy. Find the maximum total
energy that, for example, the particle m; may possess.

1.388. A relativistic rocket emits a gas jet with non-relativistic
velocity u constant relative to the rocket. Find how the velocity v
of the rocket depends on its rest mass m if the initial rest mass of
the rocket equals m,.


























































































2.234. Find the temperature distribution in the space between
two coaxial cylinders of radii R, and R, filled with a uniform heat
conducting substance if the temperatures of the cylinders are constant
and are equal to 7T; and 7, respectively.

2.255. Solve the foregoing problem for the case of two concentric
spheres of radii B, and R, and temperatures 7; and 7,.

2.256. A constant electric current flows along a uniform wire
with cross-sectional radius R and heat conductivity coefficient x.
A unit volume of the wire generates a thermal power w. Find the
temperature distribution across the wire provided the steady-state
temperature at the wire surface is equal to T,.

2.257. The thermal power of density w is generated uniformly
inside a uniform sphere of radius R and heat conductivity coefficient
%®. Find the temperature distribution in the sphere provided the
steady-state temperature at its surface is equal to T'.























































































































































































the winding, the magnetic induction of the field generated by the
solenoid amounts to B. Find the velocity of the particle and the cur-
vature radius of its trajectory, assuming that during the increase of
current flowing in the solenoid the particle shifts by a negligible
distance.

3.402. In a betatron the magnetic flux across an equilibrium orbit
of radius r = 25 cm grows during the acceleration time at practically

constant rate ® = 5.0 Wb/s. In the process, the electrons acquire an
energy W = 25 MeV. Find the number of revolutions made by the
electron during the acceleration time and the corresponding distance
covered by it.

3.403. Demonstrate that electrons move in a betatron along a
round orbit of constant radius provided the magnetic induction on
the orbit is equal to half the mean value of that inside the orbit
(the betatron condition).

3.404. Using the betatron condition, find the radius of a round
orbit of an electron if the magnetic induction is known as a function
of distance r from the axis of the field. Examine this problem for the
specific case B = B, — ar?, where B, and ¢ are positive constants.

3.405. Using the betatron condition, demonstrate that the strength
of the eddy-current field has the extremum magnitude on an equilib-
rium orbit.

3.406. In a betatron the magnetic induction on an equilibrium
orbit with radius r = 20 cm varies during a time interval At =
= 1.0 ms at practically constant rate from zero to B = 0.40 T. Find
the energy acquired by the electron per revolution.

3.407. The magnetic induction in a betatron on an equilibrium
orbit of radius r varies during the acceleration time at practically
constant rate from zero to B. Assuming the initial velocity of the
electron to be equal to zero, find:

(a) the energy acquired by the electron during the acceleration
time;

(b) the corresponding distance covered by the electron if the acce-
leration time is equal to Atf,



































































































4.222. A free electron is located in the field of a plane electromagne-
tic wave. Neglecting the magnetic component of the wave disturbing
its motion, find the ratio of the mean energy radiated by the oscil-
lating electron per unit time to the mean value of the energy flow
density of the incident wave.

4.223. A plane electromagnetic wave with frequency o falls upon
an elastically bonded electron whose natural frequency equals ,.
Neglecting the damping of oscillations, find the ratio of the mean
energy dissipated by the electron per unit time to the mean value
of the energy flow density of the incident wave.

4.224. Assuming a particle to have the form of a ball and to ab-
sorb all incident light, find the radius of a particle for which its
gravitational attraction to the Sun is counterbalanced by the force
that light exerts on it. The power of light radiated by the Sun equals
P = 4.10% W, and the density of the particle is p = 1.0 g/cm3.













































































































































5.282. Explain the following features of Compton scattering of
light by matter:

(a) the increase in wavelength AA is independent of the nature of
the scattering substance;

(b) the intensity of the displaced component of scattered light
grows with the increasing angle of scattering and with the diminish-
ing atomic number of the substance;

(c) the presence of a non-displaced component in the scattered
radiation.

5.283. A narrow monochromatic X-ray beam falls on a scattering
substance. The wavelengths of radiation scattered at angles 6, = 60°
and 0, = 120° differ by a factor = 2.0. Assuming the free electrons
to be responsible for the scattering, find the incident radiation wave-
length.

5.284. A photon with energy Zm = 1.00 MeV is scattered by a
stationary free electron. Find the kinetic energy of a Compton
electron if the photon’s wavelength changed by n = 25% due to
scattering.

5.285. A photon of wavelength ‘A = 6.0 pm is scattered at right
angles by a stationary free electron. Find:

(a) the frequency of the scattered photon;

(b) the kinetic energy of the Compton electron.

5.286. A photon with energy 2o = 250 keV is scattered at an
angle 6 = 120° by a stationary free electron. Find the energy of the
scattered photon.

5.287. A photon with momentum p = 1.02 MeV/e, where ¢ is
the velocity of light, is scattered by a stationary free electron,
changing in the process its momentum to the value p’ = 0.255 MeV/e.
At what angle is the photon scattered?

5.288. A photon is scattered at an angle 8 = 120° by a stationary
free electron. As a result, the electron acquires a kinetic energy
T = 0.45 MeV. Find the energy that the photon had prior to scat-
tering.

5.289. Find the wavelength of X-ray radiation if the maximum
kinetic energy of Compton electrons is T,,,, = 0.19 MeV.

5.290. A photon with energy 7%m = 0.15 MeV is scattered by
a stationary free electron changing its wavelength by AA = 3.0 pm.
Find the angle at which the Compton electron moves.

9.291. A photon with energy exceeding m = 2.0 times the rest
energy of an electron experienced a head-on collision with a sta-
tionary free electron. Find the curvature radius of the trajectory of
the Compton electron in a magnetic field B = 0.12 7. The Compton
electron is assumed to move at right angles to the direction of the
field.

5.292. Having collided with a relativistic electron, a photon is
deflected through an angle 8 = 60° while the electron stops. Find
the Compton displacement of the wavelength of the scattered photon.









































































































onstrate that the threshold kinetic energy of the particle m required
for this reaction is defined by Eq. (6.7¢).

6.303. A positron with kinetic energy T = 750 keV strikes a sta-
tionary free electron. As a result of annihilation, two gamma quanta
with equal energies appear. Find the angle of divergence between
them.

6.304. Find the threshold energy of gamma quantum required
to form

(a) an electron-positron pair in the field of a stationary electron;

(b) a pair of pions of opposite signs in the field of a stationary
proton.

6.305. Protons with kinetic energy I strike a stationary hydrogen
target. Find the threshold values of T for the following reactions:

(@ p+p—>p+p+p-+p b)p-+p—>p+p+a

6.306. A hydrogen target is bombarded by pions. Calculate the
threshold values of kinetic energies of these pions making possible
the following reactions:

@Qn +p—>K++25 O)a'+p K+ A

6.307. Find the strangeness S and the hypercharge Y of a neutral
elementary particle whose isotopic spin projection is T, = +1/2
and baryon charge B = 1. What particle is this?

6.308. Which of the following processes are forbidden by the law
of conservation of lepton charge:

D n—-p-+t+e +v; (4)p+e‘—»n+v~;
2) n* >pu* + e + et (©) u* —>e* + v~+ v;
B) n~ > p~ F v 6) K- -p~ 4+ v?

6.309. Which of the following processes are forbidden by the law
of conservation of strangeness:

Mo +p—>2-+ K% (A n+p—>A+ ¥

@ +p->Zt+ K- B)n-+n—->8 4+ K+ K-

@)n~+p—>K*+K-+n, 6) K-+p—>Q +K*+ K

6.310. Indicate the reasons why the following processes are for-
bidden:

1) 2- > A + n-; 4 n+p—>2t+ A%

@n-4+p—>K++ K- (0) n” —>u” + et +e7;

@) K-+n—->Q + K-+ K% (6) p~ >e~ + v, + v




























































































































































































































































6.300*. m=1"m% + m&—2(mg+ Ts) (Mg+ Tq) =0.94 GeV,
neutron.

6.301*. 7T, = my [cosec (0/2) — 1], E, = my/2 sin (0/2). For
©® = 60° the energy Tx = E, = mg.

6.303*. cos (0/2) = 1/V' 1 + 2m/T, whence © = 99°.

6.304*. (a) &, = 4m, = 2.04 MeV; (b) &, = 2my; (1+ma/my) =
= 320 MeV.

6.305*. (a) Ty, = 6m, = 5.6 GeV; (b) Typ=my (4my-+ma)/2m,=
= 0.28 GeV.

6.306. (a) 0.90 GeV; (b) 0.77 GeV.

6.307. § = —2, Y = —1, E® particle.

6.308. Processes 1, 2, and 3 are forbidden.

6.309. Processes 2, 4, and 5 are forbidden.

6.310. Process 1 is forbidden in terms of energy; in other pro-
cesses the following laws of conservation are broken: of baryon
charge (2), of electric charge (3), of strangeness (4), of lepton charge
(5), and of electron and muon charge (6).

* In the answers to Problems 6.300-6.305 marked by an asterisk the quan-
tity mc? is abbreviated as m.










































20. Relractive Indices

Substance n Substance n
Air 1.00029 Glass 1.50
Water 1.33 Diamond 2.42

Note. Since the refractive indices are known to depend on the nature
of the substance and the wavelength of light, the values of n listed here
should be regarded as conditional.

Iceland spar Quartz
Wavelength A, nm Colour
e o e "o
687 red 1.484 1.653 1.550 1.541
656 orange 1.485 1.655 1.5 1.542
589 yellow 1.486 1.658 1.553 1.544
527 green 1.489 1.664 1.556 1.547
486 blue 1.491 1.668 1.559 1.550
431 indigo 1.495 | 1.676 | 1.564 | 1.554
400 violet 1.498 1.683 1.568 1.558

21. Rotation of the Plane of Polarization
Natural rotation in quartz (the thickness of the plate is 1 mm)

A, nm @, deg A, nm @, deg A, nm @, deg
199.0 295.65 344.1 70.59 589.5 21.72
217.4 226.91 372.6 58.89 656.3 17.32
219.4 220.7 404.7 48.93 670.8 16.54
257.1 143.3 435.9 41.54 1040 6.69
274.7 121.1 491.6 31.98 1450 3.41
328.6 78.58 508.6 29.72 1770 2.28

Magnetic Rotation (A=589 nm). The Verdet Constant V:

Liguid V, ang. min/A Liquid V, ang. min/A
Benzene 2.59 llcarbon disulphide 0.053
Water 0.016 Ethyl aleohol 1.072
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22. Work Function of Various Metals

Metal A, eV Metal A, eV Metal A, eV
Aluminjum 3.74 Gold 4.58 Potassium 2.15
Barium 2.29 Iron 4.36 Silver 4.28
Bismuth 4.62 Lithium 2.39 Sodium 2.27
Cesium 1.89 Molybdenum 4.27 Titanium 3.92
Cobalt 4.25 Nickel 4.84 Tungsten 4.50
Copper 4.47 Platinum 5.29 Zinc 3.74

23. K Band Absorption Edge

¥4 Element Ak, DM z Element Ag, pm

23 v 226.8 47 Ag 48.60

26 Fe 174.1 50 Sn 42.39

27 Co 160.4 14 w 17.85

28 Ni 148.6 78 Pt 15.85

29 Cu 138.0 79 Au 15.35

30 Zn 128.4 82 Pb 14.05

42 Mo 61.9 92 U 10.75

24. Mass Absorption Ceefficients
(X-ray radiation, narrow beam)
Mass absorption coefficient p/o, cm2/g
A, pm
Alr Water Aluminium Copper Lead

10 0.16 0.16 0.36 3.8

20 0.18 0.28 1.5 4.9

30 0.29 0.47 4.3 14

40 0.44 1.1 9.8 31

50 0.48 0.66 2.0 19 54

60 0.75 1.0 3.4 32 90

70 1.3 1.5 5.1 48 139

80 1.6 2.1 7.4 70

90 241 2.8 11 98

100 2.6 3.8 15 131
150 8.7 12 46 49
200 21 28 102 108
250 39 51 194 198
379
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(Concluded)

Proton magnetic moment
Neutron magnetic moment

Atomic mass unit

Permittivity of vacuum

Permeability of vacuum

p.p=2.7928 By
}ln=—1.913 wy
1 amu— { 1.660.10-24 g
B 931.4 MeV

£0=0.885-10"11 F/m
1/4ngy=9-10° m/F

po=1.257-10"¢ H/m
po/dn =10"7 H/m
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nature and in engineering. While preparing the present edition of the
book, the authors have introduced the modern terminology and the
latest system of units of measurement (SI units).
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of one of the most popular textbooks on physics in the Soviet Union.
The distinguishing feature of this book is that it contains a detailed
description of the physical aspects of the processes and phenomena oc-
curring in nature and in everyday life. While preparing the present edi-
tion of this book, the authors have introduced the modern terminology
and the current system of units and measurements.

Intended as a textbook for lecturers and students of preparatory
faculties, high-school and polytechnical students, as well as for those
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Contents. Electric Charges. Electric Field. Direct Electric Current.
Thermal Effects of Current. Passage of Current Through Electrolytes.
Chemical and Thermal Generators. Passage of Current Through
Metals, Gases and Semiconductors. Magnetic Phenomena. Magnetic
Field. Magnetic Field of Electric Currents. Terrestrial Magnetic Field.
Forces Acting on a Current-Carrying Conductor in a Magnetic Field.
Electromagnetic Induction. Magnetic Properties of Bodies. Alternating
Current. Generators and Electromagnets.



Elementary Textbooks on Physics.
Vol. II1. Oscillations and Waves. Optics.
Atomic and Nuclear Physics

Edited by Academician G. LANDSBERG,
Mem. USSR Acad. Sc.

This book completes the three-volume course on elementary physics
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Savel’ev.
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ELEMENTARY

MASS
PARTICLE SYMBOL* MEAN LIFE,
MeV m, $
Photon Y 0 0 oo
% Neutrino v 3 0 0 o
o)
E Electron e e* 0,511 1 =S
= | Muon W wt 105, 66 206,77 2,2-10°¢
) m n- 139,6 2732 2,55-10°%
Pions 6
0 135,0 264,2 2-10
2 | Kaons K* k- | 4938 966,3 1,23-1078
% K® K° 498,0 974,5 10°0-1078
Z | Etameson 7 548,8 1074 24.107°
Proton P 3 938,26 1836,1 LS
Neutron n i 939,55 1838,6 1107
Lambda hyperon A® A° 1115,4 2182,8 26:107°
2 -10
CZ> £t 3- 1189,4 2328 0,8-10
E Sigma hyperons 5" i 1197 2342 1,6-107%
< -
M 10 30 1192 2333 <10™
5" z* 1321 2585 1,710
Xi hyperons _
P g0 z0 1314 2572 310
Omega hyperon Q" o 1675 3278 ~107°

* Symbols on the right-hand side denote antiparticles




PARTICLES

ISOTOPIC m
CHARGES SPIN g . PRINCIPAL

SPIN S8w DECAY

h Q L B T T, |RZ MODE

1 0 0 0

i 0 +1 0

Y2 -1 +1 0

Y2 -1 +1 0 e 4V + 9

0 +1 0 0 1 +1 0 LERSTATE

0 0 0 0 1 0 0 0.2y

0 + 0 0 12 +12 +1 Kieptey,

0 ] 0 0 %) 1 +1 k%2n, nev

0 0 0 0 0 0 0 n—2y, 3n

2 +1 0 +1 1 +73 0

Y2 0 0 +1 Y2 7 0 n—pte=rT,

L 0 0 +1 0 0 -1 A%p pn-

1 + 0 +1 1 +1 -1 AN+

/2 -1 0 +1 1 -1 ~1 ITen + R

12 0 0 +1 1 0 -1 1040 4y

i3 -1 0 +1 1y ) -2 2A04n-

Y2 0 0 +1 2 +12 -2 2L.A0: 0

3/2 -1 0 +1 0 0 -3 Q—Z+n, A% K-

Note. Particles and corresponding antiparticles have the identical values of mass, mean life,
spin, and isotopic spin 7, while their electric Q, lepton L, and baryon B charges, projections
of isotopic spin Tz, and strangeness S, have the values that are opposite in sign.
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