1. Fundamental and derivate quantities and units
. Fundamental Physical quantities are those that can be directly defined, and for which the

units are chosen arbitrarily, independent of others physical quantities.

No. Fundamental Quantity Unit Symbol Dimension

1 Length Meter m L
2 Time Second S T
3 Mass Kilogram kg M
4 Current intensity Ampere A I
5 Light intensity Candela Cd J
6 Temperature Kelvin K 0
7 Solid angle Ste-radian Sr

8 Plane angle Radian rad

e The derivative physical quantities are those that are defined indirectly. They have the
measurement units’ functions of fundamental units.
If we have:
e U=UL, T,MLJ,0)
e [U]=LT’M"I°J05
2 The homogeneity of physical equations:
e The physical formulas are invariant to the measurement units’ transformation.

3 Examples:

3.1 Velocity:

yo A b B m (M)
m At dt t] s
3.2 Acceleration:
Av dv [V] m ) -2
- 220 A I NS | 2
agnthAt dt ] s 0 @
3.3 Impulse:
p=m-v [p]:[m]-[v]:kg?:kg-m-s’l:M~L-T’1 (3)



3.4 Force:

M _dp_dmv_ dv_
lim At dt dt dt

At—0

[F]:%zkgs'zmzkg-m-s‘z=M-L-T’2 [F]:ls—'z=1N (4)

3.5 Pressure:

P:% [P]:B: K kgom'stoMoLT? [P]:1E2Z1Pa (5)

3.6 Mechanical work:
2
dL=F-ds  [L]=[F][s]=ke>-=kg-m’>-s?=M-L*-T> [L]=IN-m=1J (6)
S

3.7 Kinetic energy:

2
T o—kg-m’-s?=M-I>-T?; [E]=lkg-m’-s> =1I (7)

ke -
[EJ= ]V ===
3.8 Gravitational potential Energy:
E =m-g- h
2
[Ep]= [m]'[g]'[h]=kgT—2 =kg-m?-s?=M-L*-T?; [E, |=lkg-m* s =1J (8)
3.9 Elastically potential Energy:

_k-x2
pe 2

E

2
[E, )= RIxF =X kg 52 =M1 T2 [E,, = Tkg m?-s2 =15 (9)
s

3.10 Power:
p-dE
dt
[p]:%: kgs';nz —kg-m*-s? =M-L*.T" [P]=1;=1W (10)
3.11 Density:
p=j—$ [p]=%=%=kg-m'3=M-L'3 (1)
3.12 Angular velocity:



co—d—(p [co]zM=@=rad-s‘l=T‘1 (12)

ot [t S
3.13 Solid angle:
2
d0 = % [Q]= [Ef]l - % =1°=1  [Q]=1L" = Isteradian (13)

Establishes into a constant approximation the formula of a gravitational (mathematical)
pendulum, T using the homogeneity of the dimensional equations.

R: From direct observation the physical quantities that can occur are: the length (1), mass of the
pendulum (m), gravitational acceleration (g).

T=kImPg’

T'=k"-L*-M" -(L-T"2 )y = T'=L""-MP.T*, then by identifying the upper

coefficients:
1
a+y=0 OL:E
B=0 - B=0 T=kl”2m0g”22T=k\/I
—2y =1 1 8
=73

The mass of a parachute with jumper (parachutist) is m = 100 kg, and is launched from a tower
completely open with no initial velocity. Find the velocity expression, v(t) and the velocity
limit if we know that the resistance force is proportional with the velocity, R = kv, where k =

500 Ns/m.

R: If the force is defined as: F = ma

. o : dv
Along vertical direction can be rewritten as: F = ma

The resultant (net) force is F=G —R, then:

v(t)
v(0)=0
-t = ln(l—iv(t)jz—kt
m

v(t) t
mﬂ:mg—kv: I dv :J.dt' - -y g—kv
k 0 m-Jly) mg

k




If we will replace the physical quantities with values we get:

v(t>:1°°'1°(1—efo°3t] = w)=2-¢)["]

500 S

For the time goes to infinity one obtains:

] . mg %t mg 100-10 n m
Viim =11mV(t)=hm K I-e = Vim Tk 500 = Vi =23=72%

t—00 t—o0

Finally the velocity expression can be written as:

v(t)= Vi, (1 _eit]

A skier with the weight G descends a hill that make an angle oo with the horizontal plane. The
motion equations are x = Agt® along the hill land y = 0, where g is the gravitational acceleration
and A a constant coefficient. How much is the friction force between skier and snow on the hill.
(Particular case: the skier mass m = 70 kg, angle o = 30%; A =0.1).
R: The second principle of dynamics can be written as:

G+R+F =ma

The projections along x and y axes are:

Gsin(a)—F, = ma,

R-G cos(a) =ma,

The component of accelerations can be calculated with the following equations:

d’x dz(Agtz)
a. = = :2A
R dt? 8
¢y &),
Yoot dt?
With those:

F, = Gsin(a)- 2Amg = G[sin(ot) - 2A]
F, = mg[sin(a)— 2A]=70-9.81[sin(30)—2-0.1] = 686.7-0.3
F, =206.01N

A material point with mass m is moving along a trajectory given by the Cartesian components:

x(t)= Acos(kt) and y(t)= Bcos(kt). Characterize the force F that produces this type of motion

if we know that the force depends only by the material point position. Give some examples.

R: The force components along Ox and Oy axes are:

4



FF=m-a,=m-X = F = m-%x = —mk-%[Asin(kt)] = —mk’A cos(kt) = —mk’x

F=m-a =m-§y = F= m-%y = —mk-%[Bsin(kt)] = —mk”Bcos(kt) = —mk’y

The force modulus is:

F=,F +Fy2 =mk’/x* +y* =mk’r

where T is the material point position vector.

The ratio:
F, -mk’x -x A
Fomkr o of
. 2 are the direction cosine of the force F.
<= —m2 Y-"Y _cos y,F
F mk-r r

In the same time are the angles between the position vector and OX and OY axes,
respectively. From here we can observe that the force F is anti-parallel with the position vector.
Then the force F is pointing to the centre of the reference frame. Such a force is called

attraction central force.

On a body with a mass m = 2 kg are acting two forces, F; = 3 N and F, = 4 N, which are
characterized by the angles a; = 60°, and a, = 120° respectively, with the direction of velocity

v, - Find the body acceleration, a, velocity, v and the distance covered into a time t = 10 s starting

from the beginning of motion (Particular case vo =20 m/s).
R: If we are considering a reference frame related to earth then the acceleration components along

OX and OY axes are:

_Fcosa, +Fcosa, _ 3cos(60)+ 4cos(l20) _3-05-4-05 :_i: 2025m/s’

* m 2 2

V33
_ , 3t4 - 93
_Esino, +Esina, _~ 2 _ V3 3 03m/¢?
y m 2 4 .

and the acceleration modulus:

a=,Jal+al =v0.25% +3.03* =+/0.0625+9.1809 =/9.2434 =3.04 m/s’

We observe that the acceleration is constant in time (a = const), the velocity equation can be

calculated from:



v(t) t
a=ﬂ = dv=a-dt = jdV=Ia-dt' = v(t)-v,=at = v(t)=v, +at

dt )

or by components:
Vx(t)= Vo, ta,t cu v, =v,
Vy(t)= Vo, tat cu v, =0
and from here:
v (t)=v,+a,t=20-0.25-10=17.5m/s
v,(t)=a,t=3.03-10=30.3m/s

and the velocity modulus:

vy V2 +v2 =17.5 +30.37 =4/306.25+918.09 = 1/1224.34 =34.99 m/s

The velocity, v at time t makes an angle o cu v, given by the equation:

tgo = Yy = o= arctg(&] = o= arctg(%) = arctg(l.73 1) =59°59'28".
v .

X X

In order to calculate the distance we have:
() ‘

ds ’ : t :
ve— = ds=v-dt = Sods=_([v-a’t = s(t)—soz'([(vo+at)-dt
2 50=0 2 X
- s(t)=s0+v0t+% N s(t)=v0t+%=20-10+w=200+152=352m

or by components:

2
x(t)=v,t+ a"zt =20'10—0'25—2100=200—12.5=187.5m

a,t’  3.03-100
y(t) = y =
2
A tractor is traveling with a velocity of vo = 36 km/h. If the radius of the wheel is R = 0.5 m find

=151.5m

out:
a)  The parametric motion equations of a point from the external wheel circumference.
b)  The tangential velocity components and the value of velocity.
c)  The path distance by a point between two contacts with the road.

R: a) v=oR = 032&220@
R S



{x =V t+Xy {XW =Xcw T Xg {XCW =0 {XR =—Rsin(ot)
y=0-tty, Yu =Yew +¥r Yow =R +yy ¥r =R cos(ot)

Xy = Vot — Rsin(ot) =10t —0.5sin(20t)
yx =R-R cos(oat) =0.5-0.5 cos(20t)

this is the equations of a cycloid.
b)v, =—=v,-oR cos(oot) =V, [1 - cos(oat)] = 10[1 - cos(20t)]

v, = % = oR sin(wt) = v, sin(ot) = 10sin(20t)

V= \/Vi + Vf, = \/Vf) [1- cos(cot)]2 +visin(ot) = vy4/2(1 - cos(ot)) = 2v, sin%t

v =20sin10t

ds
c v=—
) dt

o=t de=ndt

ds=vdt = ds=2wR sin%tdt = ds=2R sin%d(p

2n

s 2n
J.ds'zj.2Rsingd(p = s=4R[—cosg) =8R =4m
0 0

0
10. A body with a mass m = 5 kg can slide with friction on a horizontal surface if is pushed by a
spiral spring, with an elastic constant k = 200 N/m, and which was compressed at half of his
length 1 =20 cm. Find out:
a) the mechanical work of friction force during expansion.
b) how much must is the friction coefficient if in the final position the spring in not
stressed.

R: a) F, =—kx

w 0 0 210

dW=F-dx = [dW'= [Fdx = W= [~kodx=-k> L

0 12 J2 2-1/2 8

2 4
w=2002210 _yj
2
b) AEt :L;f Ef_Ei :I_,f = O—k%z_“NAl = HZEZ_NAI
mg



11.

p= % =0.204

A concrete cube with the side of a = 0.8 m and a density of 2500kg/m’ must be tipped around
an edge. Calculate:

a) Point of application direction and value of the minimal force needed to turn turn-over;

b) The expression of a horizontal force that can turn-over the concrete block if this is applied

on superior edge as function of rotation angle.

¢) The mechanical work spent for turning over the concrete block.

A
MFmax =T Fmax : COS(TF) = a\/EFmax

a a _pVg pga’
Mepax = Mg = a\/EFmasz— = F,=m = =
¥ ¢ 2 S22 22 22
3
Fmax:2500~9.81-0.8 4395 N
22
b)

M, =aF(0)=a-F-cos(0)

T3+
M, =M. = aFcos(0)=Ga—cos| —+0
WlG=G~ag-cos(§+6j ! © ( ) 2 4

F:a%gi[cos(gjcos(e)—sin(gjsin(e)} P YPER (o)

2cos(6) 2

F(6)= 08 ’25200'9'81 [1-tg(6)]=6278.4[1 - tg(6)]| N

c) W=%M.-6

w n/4 /4 3
AW =M, -do = [aw'=[M,-d0 = W:J%[l—tg(e)]-de
0 0

0

n/4

V2 n V2 (o
W= 2.). a47pgcos(9+zj-d9=a47pg-sm(9+zj

PR )
2 P8 2

0

8



12.

13.

W =a4%-(\/5—1) w= o8 '25200'9‘81 V2-1)=2080481

On an inclined plane with inclination a = arcsin(3/5) and length 1 = 2.1 m is rolling with no
sliding friction an homogeneous sphere of mass m =40 g and radius R = 10 mm. How much is

the transversal velocity, angular velocity and frequency at the base of the plane.

R‘ Et,A = Et,B

E..=E,, =mgh= mglsin(o)
2

2 lo
mv _
Et,B = Ekin,tr,B +Ekin,rol,B Ekin,tr,B = E kin ,rot ,B T
2 2
2 \%
I==mR’ v=0oR = o=—
5 R
mv: Io° mv: 2 _, v’ mv: 2mv’ 7mv’
Egz= + = +—mR = += =—

2 2 2 5 2R 2 52 52

2

mglsin(oc):zmV = v= Eglsin(oc) = V=\/E9.81'2.1-§=4.20 =
5 2 7 7 5 S
_V_42 o rd
R 0.01 S
_ O 4202 6 ssy
27 27

Demonstrate that after a perfect elastic collision of two hockey pucks of the same mass,
initially the first one being at rest, the angle between the directions of pucks is 90°. How much
are the velocities and scatter angle 0, if the initial velocity of projectile puck is v = 40 km/h

and 0, = 60%?

{Ec,i =E.; {mv2 =mv? +mvj {mzv2 =m?vZ + m?vj
. = - = o~
Pi =P P=p;+P, P=pP:tP;

1—52_1—52+I—52

- = o YR, ey -

{Q S = (B+D,) =P +P +2PD, =P, +P; = 2pp,cos(6, +6,)=0
P=p,+tPh,;
cos(0,+0,)=0 = 0,+0,=90" = P, Lp,

0, =90° -6, =90° — 60° =30°



005(91)21:;—\;1:% = v ZVCOS(91)=4O-%=2O?

cos(@z):rrrll;;2 =V—VZ = szvcos(92)=40-§=34.64?

14. On the deflection plates of a cathodic oscilloscope
with sensibility of 2 cm/V on both axes Ox and Oy it | . S 1 ‘

is applied simultaneously the electric voltage = — R

U, =2cos(100¢) and U, =4sin*(50¢). Calculate: 2
i. The spot equations of motion on Ox and Oy axes. % % '

ii. Equation of the trajectory.

R: a) 8, :Ui - x=S U, = 2%2Vcos(100t) =  x=4cos(100t)(cm)

X

S =

y cm ., . .
. U_y = y:SyUy:274Vsm2(50t) = y=8sin*(50t)(cm)

X
) {x — 4cos(100t) 5 = cos(100t) = cos(100t)

x =8sin’(50t) 1-cos(100t)

X
= <4
5 y

y=8 = 4[1 - cos(100t)]

y:4[1—%}:4—x = x+y=4

15. A material point execute a motion described by the equation: x(t): 2 sin2(3m +gj Show that

this is a harmonic oscillatory motion. Find the amplitude and period of motion, the velocity and

acceleration of the material point.

x(t)=25in{3nt+£} . (6mt+7)
: X(t)zzw:1+cos<6m):1+sm(6m+gj

_ 2
sinz(oc): 1 cos(20c)
2
x(t) = x'+Asin(ot + ¢, ) x'=1 A=1 5
_ T = J0=0% = o="l=6r = T=l=0.33s
x(t)= 1+sm(6nt+—j T 3
2 0, =7/2
V= dx = 4 {x'+A sin(oot +¢ )} = Aoocos(cot +¢ ) =6m 005(671‘[ + E]
dt  dt ’ ’ 2

10



16.

a= ﬂ =-36m° sin(6nt +Ej
dt 2

A material point with the mass m = 10 g 1is oscillating under the law:

x(t)=10c0s’| ¢ -L|-5. Calculate:
12 4

a. The time t; necessary to reach the maximum velocity, and the time t, necessary to reach

the maximum acceleration;

b. The maximum value of the elastic force that act on the material point;

c. Expression of kinetic, potential and total energy.

X(t)ZIOCOSZ(lt—Ej—S 1+cos(76tt—zj
a) 22 = x(t)=10 —5=SSin(Etj
cos? (a): 1+cos(2(x) 2 6

2

amax
:ﬂ:_sn_sin Et = 36 = Et2 :(2n+1)E = t, :3(2n+1)s
dt 36 6 2

b)F,=-kx =-kA sin((ot +¢, ) =F . sin(oat + (po)

2
E_ =kA=mo’A=10-10" -2‘—6-5-10-2 ~137-10* N

2 2.2 2 10-25-1 -4 %
mv” _ mA“o” cos (cot): 0:25-107 -5 cos{%tj:&%-lo6cos{%tj]

E =
2 2 2
2 20” sin’ 10-%.25-107*
p ok _mA’e’sin’(ot) _10-5 sin?| Tt |=3.43-10"sin| =t |7
P2 2 2 6 6
2 2
B =V K 54300
2 2

11



A harmonic oscillator which oscillates with the amplitude, A of 8 mm is after t=0.015 from
the beginning of motion (from equilibrium position) at the distance 4 mm measured from
equilibrium position. Calculate:

oscillatory pulsation;

o ®

oscillatory period;

oscillatory frequency;

a o

velocity of oscillation in the given position;
e. acceleration of oscillation in the given position.

a) y(t)= Asin(wt +¢,)
0=Asin(®-0+9,) = sin(p,)=0 = ¢,=0

<

—_
(=]

N—"
Il

A : . 1
y(t1)=4="=Asin(or) = sin(ot)=— = or=2 = e=—=—7T 0=2g
2 2 6 6T 6-0.01 3
Do=2" = T=T-2" - T_0.12s
T o S0
n
3
1 1
c)v=—=—— = v=833Hz
T 0.12
V:ﬂ:mAcos((Dt) = V(r):—n-8-10'3cos(s—n-0.01j20.419cos(—j =
d) dt 3

ol
<

a(1)=22 12 g.10° sin(%on-o.mj - = a(t)=1097%
S

18. The sonic boom created by an airplane it

At the speed of sonnd

Airflow

Greater than the
speed of sound

is heard in the moment in which the  ‘tews!hentespeedofsound

Airflow

direction observer—airplane makes an

angle o = 60° with the vertical. How much

Pressure
disturbances sound barrier
{mach 1]

Fressure

. . Flanes flying at the speed of sound
1S the alrplane Speed? (V = 340 m/ S) disturbances experience a dramatic increase in

* S Slow-fiying planes create air their drag because disturbances
pressure disturbances that moue ?;;ua""rup‘f::g?;:ild"?g;dtlzigﬁ'up
at the speed of sound, traveling well with the pressure Waves itis Flanes flying faster than
R_ 9 = 90 — Ol in front of the plane, The airflow Creating with its Forwar d thrust, the speed of sound cause

adjusts and disturbances disperse, Fressure powerful shock waves

disturbances  because airflow has no

1

5

d of sound: (af sea level} The sonic boom is the
2 P (760 mph) sound associated with
the shock wauve.

sing=0 Vot oy Ve o Ve 305 3402680 ™ =2 Mach
AA' v -t sin® cosa S

a

N | =

19.How much is the fundamental frequency of vibration of a copper wire (p = 8.9 kg/dm’) with

section of 2 mm?” and the length of 1 m when is stress with a force of 17.8 daN.

12



ST _t | 17810 10050,
21\pS  2-1V8900-2-10° 2

20.Calculate the wavelength value of a sound of 440 Hz in air (v, = 340 m/s) and into a tram line

(v = 5000 m/s). Calculate the steel Young modulus if the density is (p, = 8000 kg/m”).

R, =Ya =340 4793 m-773em
v 440
v, 5000
=2 1136m
v 440
Vt:\/E - E:pvf:8-103-(5-103)2:2-10“£2
p m

21.In the liquid Helium (below 4.2 K) the sound velocity is 220 m/s. If we know the He density p
= 0.15 g/em’ find the compressibility modulus. Compare this result with the water
compressibility modulus if we know that the sound velocity is 1460 m/s.

R: vy = X =y = pvi =150-220° =726-10°
p m

Lw =PV =1000-1460% =2.1316-10° %

9
Aw _ 2.1316-10 _1936

Yo 7:26-10°

22.By a copper wire with the length I = 160 cm and diameter ¢ = 1 mm is suspended a body with

mass 10 kg. If the copper wire elongation is 2.56 mm find out:
a. The stress, ¢ = g , strain, € = ATZ and elastic constant, k;
b. The Young modulus, E;

c. How much is the inter-atomic distance if in the unstressed material is R, =2.56 A ;

13



R:

24.

25.

a)GZEZm%=4m;g=4-10-9_.681:1.25_108lz
S ar nd n-10 m
Al 2.56-107
a:—:&:1.6-10’3:0.16%
1 1.6
F=-F =kAl=mg = k:E:M:&%-lO"‘E
Al 2.56-10 m
8
L =120 g5 00 N
S 1 ¢ 1.6-10 m
c) i—RzATl = AR:ATIRO:8R0:1.6-10‘3-2.56-10‘1°:4.096-10‘13m.
0

23. In front of a microphone a sound has the pressure of 0.441 Pa (N/m?). How much we have to
amplify the sound in order to reach the pain threshold, Ipn = 10> W/m?? We know the air
acoustic impedance Z, = pc = 441 kg/m?s. How much is the pressure and the sound level?

N, +N,=N, = N,=N, -N_

I
N, =101lg (—“‘J NL:IOlg(I—L]
I0 I0

N,=N, -N, = NA:IOIgG—LJ—IOIg(II—mJ:IOIg(II—L]

0 0 m

IL:Ipain
2 2 2
1m=p—=p—=0'441 =4.41><10“‘E2
pc Z, 441 m
N, —101g = | <101 —12 | _ 601 [Lj
A S I % 24110 % 241
N, =53.5dB

Find the relation between the intensity of wave into an absorbed media as a function of depth
of penetration and absorption coefficient.

R:

I(X
dl = —aldx = %:—adx - j
Iy

) x
% = I— adx = ln(MJ =—ox = I(x) =],e™
0
Hydrogen atom is constituted from a proton and an electron with equal electrical charges but
opposite sign, and absolute value e = 1.6x10™"° C. In the fundamental state, the radius of electron
first orbit around proton is ry = 0.53x10™'° m. Calculate the attraction force between proton and
electron.

14



26.

27.

2 -19 2
F.=- ! e—zz—9-109 (1'6 10 )2 :—9~1'62 1077% = 0.82-107
4re, 1, (5.3.10*11) 5.3
F.=-82-10°N

What is the value of equal electrical charges, whit which two identical balls, having the same
mass 1 kg, must be charged, if these are situated in air at I mm distance, and the Coulombian
force that acts on each ball is equal in value with the ball weight into a place in which the

gravitational acceleration is g = 9.8 m/s”.

2 2

e m
FC :_ke_z FG :—kg—zp

rPP er

5 2 2 9 -19 2
Fo__ &/ m _koe _ 910 (1.6:10°f  9.16 e
Eo ‘)t k,mp 6.67-10" (167.107f  6.67-1.67°

L 1.238-10%°
FG
Two small identical spheres placed in void, having the same

mass m = 0.1 kg are suspended from a single point with the help
of two isolated wires, not extensible, of neglected mass and with
the same length / = 20 cm. What is the value of the equal charges
with which the two spheres must be charged is such way that the

angle between the fires should be 2a. = 90°? The gravitational

accelerations is considered g = 9.8 m/s>. (sin 45 = 0.707; tg 45 =
1).

2

q
FC =_ke?

G=mg d=2lsina

kL
€ 12
2 G mg

0
q=2-o.2-sin(45°)\/0‘1 99'818%(45 ) q=0.4-0.707 %-10'%2.95-10—6

q=2.95-10°C

15



28.

Calculate the dependence of electrical field intensity and
electrical potential on the center of a sphere having the

electrical charge uniform distributed in the entire volume. The

total charge is denoted by Q and the sphere radius by R.

R: a)r<R;
fE-ds=2 = fEi-ds=2
> 80 = 80
= E.jﬁd§=& — Ednr=3
> €9 €
_Q_Q _Q _r
PoV TR T ane = U g
3 3
3
E-4Tc-r2—Lr—3 E = Q %
g R 4n-¢, R
= o av _ V) [T , B . Q r ,
E=-VV=-"r dV=-Edr = L(O)dV_ [E-dr = V()-V(0)= j04n.80 e dr
Q 1 Q 171 Q r
V(r)=- —["rdr V(r)=- — L V(r)=- I
) 4r-g, R3J‘0r ' () 4r-g, R 2 ) 8n-g, R’
b) r>R;
Bds=2 = B2 o Efdi=-2 o Bdrr-2 E-—2
z € = €, = € € 4ne,r
E-vv-_ dV=-E-dr = J'V(r)dV:—J'rE-dr' =
dr V(R) R
_r_Q ' _Q 1 .,
V(r)-V(R)=-| = V(r)—V(R)——Korz ol
Q 41 Q Q
V(r)-V(R)= d — V(r)-VR)=— - —=
(r)-V( 4me,r’ IR (r’j = Vir)-VR) 4ne,;r  4me R
Q
V p—
(r) 4me,r
29.  Calculate the electric field intensity at a &

distance a from a rod, uniformly charged with a

total charge Q. N

16




1
dE = d—Q dE, = 2dEy =2dE-sina sSina, _2

R: >
4ne, r
kzgzg dQ = Adl = Adx r’=a’+x’
1 dl
E, 12 12 12
[dE, = [2sina L Adx E =222 d—fzzkaj dx -
0 4re, r dmey o 1 dme, 4 (a2 +x2)
d(x(a2+xz);)=dx‘(az+x2)i+x 1 (a2+x2)7%2x~dx: ! 1- X’ dx
2 R R Y
2 22 2
at+x f dx o2 dx
(312+)<2)2 (a +x2
12
E -9 1 &1/2 a”-dx _T B 1 A X
' 4ne, a (a2+ 2)3/2 47t80 aZ+x? 47c80 al4/a? +x? .
3 A 1/2
4n80 / 12 47:80 a- 1 / 12
+— a’ +—
B 47580 Za\/4a +1°
30. Let’s consider a coaxial cable constituted from
two conductors having the radius @ and b, with a <
b. Use the Gauss theorem to determine the
dependence of electrical field intensity and electric
potential from the coaxial cable axes. Calculate the
coaxial cable capacity. The cable length is labeled
by / is charged with an electrical charge ¢q.
R:a)r<a
Bdas=2 = §E =2 = E=0
z 80 z 80
~ dv
E:—VV:—d— = dV=-E:-dr = dV=0 = V=const
r
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31.

E-dgzg = §;E-d§=2 = E=0
) 80 > 80
- dv
E:—VV:—d— = dV=-E-dr = dV=0 = V =const
r
c) a<r<b;
Bas=d o §E-ﬁ~ds=& = §E-ﬁ~ds+§ﬁ-ﬁ-ds+ Boiodse
) 80 z 80 N %, P 80
= E-it;ds:& = E-2nr-1:&
o 80 80
=29 o pogarl o gl 2 Q1
L 1 € 2nre,, 2nle, r
Fevwwe WY avoEar = jv(b)dvz— Q 1y =
dr V(a) a 2rle, 1’
Va)-V)==2-[L.ar V() V(b)=U=L i[>
2mle, % 1’ 2nle, \a
V()= () c==2T

Use the Gauss theorem to calculate the expression of a

plane capacitor capacity.

R:
§E~ds=& = §E-ﬁ~ds=&
z 80 s 80
= §E-ﬁ-ds+§]§-ﬁ-ds+ E-ﬁ-dszg
S, S, S, £
:>E-§ds+E-§ds+O=& = 2E-¢ds =
S 52 o Si
€ S 5
G'Sl o
=2E-S=—+ = E=— E.
€ 2¢g,
E:_VV:_d_V
dx

2l (T

o W
EEEELN

=] -
P
/\
)
Iy

Q .
80
Q,=0-§
2E=2
€
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dV=—E-dx = jvv(f’))dvz—E-fdr' - V(a)-V(b)=E(b-a)

V@)-V(b)=U=E-d U=2.4=-2 .4 c-Q_&S
€ €S Uu d
32.  Apply the Ampere’s law to Calculate the magnetic induction a) at a distance r from an

infinitely long conductor b) and inside of an infinitely long solenoid (coil).

R: a)  §Bdi=p, 1 = Bfd=p, 1 = B2mw=p, 1 = = ol
C C 2mr

b c d a
b)  §B-dl=p,-I,=[B-di+[B-dl+[B-di+[B-dl=p, N-I =
C a b c d
b_» - b
[B-di+0+0+0=p,-N-T = B-[dl=p,-N-T =
B:l=p,-N-I = B=“°'1N'I=Mo-n-l
d c
...J.............. ©ee
“-—-‘¥____. b::"..-"'/-—-'
— —_—
——
33. Two electric currents I, =5 A and I, = 10 A of the same sense are flowing through two parallel

conductors, situated at a distance d; = 20 cm one from each other. Calculate:
a) The force per unit length with which the two conductors are mutually attracting;
b) Calculate the mechanical work per unitary length spend to move the conductors at distance

d; =30 cm one from each other. (jo = 47x10” H/m).

R: a) [T = F,=—"1.1.L = =
B =L 2n-d, L 27 -d,
2n-d,

-7
Ey _4m107-5:10 45 o5 50
L 2720107 22

N
m

L dz dz
b)dL=F(x)-dx = [dL'=[F(x)-dx = L=[Pellp g o
7 3 2mw-x
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34.

R:

L = HOI IzLd Mo - L, IzLJ'dX Mo -1, IZLln(] — L=H

21X 27 X 27 4

d, d,

L gLl l(dj 41107 -5-10 L

~ln(30 =0.405465-10°
L 2n d, 2n 20

An electric current with I = 10 A is flowing through a straight line
infinite long conductor which is placed in the plane of a rectangular frame
parallel with two of his sides, like in the figure. We know the a = ¢ = 20
cm and b = 30 cm. Calculate: a) the magnetic flux through the rectangular
frame; b) the force that acts on each side of the frame; c) the total force
that acts on the frame when through this a I’ = 5 A electric current is
passing through. What is the sense of this electric current to observe an
attraction force?

a)

cta cta

db=B-dS = jdqa' deS - O-= ijdr_ j“ﬂ
TU"

c

q):Ho
2n

Ib (c+aj 47-107-10-0.3
-In =

-In| — 40 =4.15888-107 Wb
2% 20

C

u[i

b) dF=I'B-dl = de jI'B d = F, _I'IB dl

a+c

. . 77. .
F,=-F, =1 HOI-dr:HOII-ln(a+Cj:4n 10 los-ln(;(o)) 6.93147-10° N

. 2mr 21 C 21
b ' -7
F23:I"I Mol o md'l b 4m107-5-10 30 . o6y
2n(c+a) 2n c+a 2n 40
b "
R gpo Mol b 4m107-5-10 30 _ o
27cc 2n ¢ 2n 20

F:E2+E3+E4+E1

wo Ly (dy
2n dl

— =4.05465-10"°
L

J

m

grp Mol

27

I'-1 11 J.]
¢) F=F;-F,= = '[L_é}:_uo b = -- -b- az
2n |c+a c 2n c(c+a) 2n 2a
' 7
F:_poll_é 4rm-107"-5-10 30_7510 6 N
4t a 4n 20

20

c

.
“ dr

r




35.

36.

The electric current intensity that flow through a conductor is time dependent according to the
following law: I(t) = 2+3t+t>. Calculate:

a) The electric charge that pass through circuit during the time fromt; =2 stot, =5 s.

b) The electric current intensity of a constant current, which leads to the same amount of

electrical charge in the given time.

R:
_dQ _ (& (o 2
g 1= = Q=[dQ=["T-dt=] (2+3t+¢7)-dt
2 3" 2 3 2 3
Q:2H2L+L ::2‘[24—§t—2+t—2——2‘c1+§t—1+t—1
2 3) 2 3 2 3
2 3 2 3
= 2-5+3—5+5— - 2-2+£+2— =89.166-12.666 =76.5
2 3 2 3
Q=765 C
b) Iozg: Q _T765 555 A

At t,—t, 5-2

The wave function associated with a particle which describe the quantum behavior inside of an

box with infinite walls is: ‘Pn(x):Asin(anj, where a is the box width. Using the
a

probabilistic interpretation of the wave function and the atemporal Schrodinger equation

calculate: a) the normalization constant; b) the particles energy for a =2 A, m = 9.1x10™" kg

andn=1,2,3, ...

R: a) The normalized probability is mathematically given by:

IdP =1 and using the relation dP = |‘P(x]2 dx (Copenhagen interpretation of wave function)

a a

l—cos[znﬂxj
a o 2 a 2
:Azj.—adx:A— a—jcos(M—ﬂx]dx :A— a—isin(zn—ﬂxj
0 2 2 a 2 2nrw a
2

1 +00 +00 +o0
fap=1 = [[¥()dc=1 = jAZSmZ(nﬁx]dx:Azjsinz[nfx}zx
) . i 4

0

NN

= a=1 => A=

> |

™~

21



37.

2 2

A= == — = A4=10m™""

a 2-10

¥o2 : :
b) d—2+—T(E ~U)¥=0 Schrodinger’s equation

dx h
2 2
¥ = Aﬂcos(ﬂx] d lf = —A(ﬂj sin(ﬂx) andU=0
dx a a dx a a

Schrodinger’s equation became:

2
A(_”j (l}z_mEA(ﬁ)o
a a h a

2 22 22
_A[ﬂ) +2_TEA:0 = 2_'?}3:”” = En:h” n’
a h h a 2ma
2 34\ 2 -68
W (6.6:10™) — == 0.6 10_51 =1.495-107"%(J)=9.35(e¥)
8ma 8-9.1-10’31-(2-10’10) 8:9.1-2-10
2_2 2_2 2_2
E =" 12 _935(c) E, =102 _374(er) E =TT 1 -84.1(cr)
2ma 2ma 2ma
An atom from a Si crystalline network can be considered as a quantum particles inside a
potential field of elastic forces U (x)= kx* /2 which oscillate with the frequency v = 2.5x10"
Hz. The wave function in fundamental state is ¥(x)= Ae ™" . Use the Schrodinger equation to
calculate: a) the constant a and b) the particles energy if the atom mass is m = 38.2 x 10 kg.
2
R: a) (x)= de™ Y gqxe™ and @ \f —4da’x*e™ —2dae™™
dx dx
2
4402 x%e ™ —240e™™ +2—T E—kx— Ae™™ =0
h 2
4a’ —2—’?5 x* + 2—TE—205 =0 for any x values.
h™ 2 h
2 _2_mﬁ _ 0 vV mk
n2) @= 2%
5 from where ) nd
[—’Z’E—zaj:o =4
h m
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38.

_Nmk _ m [k mo  m2nv 2n’mv

YTon Ta\Nm 2 b
27
2 10-27 1013 2 . -27 1013
aZZn 38.2-10 72.5 10" _27%38.2:2.510 710 2856.102 -2
6.6-107% 6.6 107
m ()] A%
poNmk#® _n [k _to_hv

2h m 2\m 2 2

The expression of energy of quantum oscillator is:

E = [n + %)h v results the fundamental state with n = 0.

p_hv_6610%.25.10°
2 2

=8.25-10(J)=5.15-10"(eV)

A particle of mass m = 10* kg is described by the wave function: ¥(x,?)= Ae™ ™) with the

normalization constant A = 10° (m"?), ® = n10" (rad/s) and k = 710" (m™). Applying the
quantum mechanical operators calculate the particles: energy, momentum (impulse),

kinetically and potential energy.
R: a) E:zhaﬁ and EY¥ = EY
t

-34 15
lhaﬁ—‘ij = _i2hAa)e—i(a)t—kx) — ha)Ae—i((ut—kx) =hoV = E¥Y E=hw= 6.6 102 7-10
T

E=3310""(J)=2.06(eV)

b) f)zﬁi and p¥ = p¥
i Ox
Y = DOV 1 ke ) khde ) — iy p¥
i Ox i
.1 10. ) l -34
pokh = ZA0 00107 5y,
2z S
2 A2 2 2
E ="V ol MO
2 2m 2m Ox
2 24 \? 2
T:p—:(3'3 102) 33 107 =5.445-10(J) = 0.34(eV’)

2m  2-107%® 2
E=T+U = U=E-T=2.06-034=1.72(eV)
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