1. Fundamental and derivate quantities and units
e  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 Solidangle  Steradian s
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=U(L, T, M1 06)
e [U] = L*TPMYIJ205
2 The homogeneity of physical equations:

e The physical formulas are invariant to the measurement units’ transformation.

3 Examples:
3.1 Velocity:
_AXdx _[x]_m_ L .
im At dt [V]—m—?—m's =L-T Q)
At—0
3.2 Acceleration:
Av  dv V] m L .
& === [a]:_:_:m's =L-T (2)
Rt”l)o At dt [t] 52
3.3 Impulse:
p=m-v [pl=m}[]=kg T =kg-m-s*=M-L.T @



3.4 Force:

3.5 Pressure:

_dF

P=—"
dsS

3.6 Mechanical work:

2

dL =F-ds [L]:[F]-[s]:kgr:—zzkg -m?.s?=M-L*-T? [L]=IN-m=1) ()

3.7 Kinetic energy:

2
E.]=[mvE = 5™ _kg.m?.s? =M. 12.T2; [E,]=lkg-m’-s2 =1 (7)

SZ

3.8 Gravitational potential Energy:
Ep =M- g . h
2
[E,|=[m]-[g]-[h]= kgr:—z —kg-m?-s2=M-L*-T?; [E,|=1kg-m’-s? =1J (8)
3.9 Elastically potential Energy:

k-x?
E,e= 5
2
E,.|=[KIxF = kgs'zm =kg-m?.s?=M-L12-T?; [E, |=lkg-m?-s2=13 (9)
3.10 Power:
p-UE
dt
2
[P]:B:kg.sm =kg-m*.s*=M-L*>.T? [P]:lﬂzl\/\/ (10)
t] s S
3.11 Density:
_am B () I I
P=y [p]= V]_ms_kg m3=M-L (11)
3.12 Angular velocity:



_do
dt

Q)

3.13 Solid angle:

do =23

(12)

(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 (I), mass of the

pendulum (m), gravitat

T=klemBgr

TH =KoL -MP-(L- T

ional acceleration (g).

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

coefficients:
_1
oa+y=0 *=5 i
=0 = <p=0 T=kI"’m’g"? =>T=k |—
B g
~2y=1 1 J
=73

The mass of a parachut

completely open with

e with jumper (parachutist) is m = 100 kg, and is launched from a tower

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 define

das: F=ma

dv

Along vertical direction can be rewritten as: F = ma

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

dv vit)
m— =mg — kv
a =Mk

vo)g——v
m

F m
= [dt ——In|g-
o = ~n(g

0

k

dv
—V
m




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

v(t)= 2220 (1_9‘53?] = v(t):z(l_ea)m

500 S

For the time goes to infinity one obtains:

k

. . mg -t mg 100-10 ‘

Vi =limvit)=limi—11-¢e " = V== = Vjn=25=7.2%"
| ILOO © ILQO { k( }} "™k 500 ' h

Finally the velocity expression can be written as:
_ky
v(t)= v”m{l—e m j

A skier with the weight G descends a hill that make an angle a 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).

. 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 —Gcos(o) = ma,

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

L _@x_d(Ag)

= = =2A
O dt? dt? g
d’y d*(0)
a =——= :0
Yoodt? o dt?
With those:

F. = Gsin(a)— 2Amg = G[sin (o) - 2A]

F. =mg][sin(a.)— 2A]=70-9.81[sin(30)-2-0.1]= 686.7 - 0.3

F. =206.01 N

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:

F=m-a=m%X = F= m~%>‘< =-mk ~%[Asin(kt)]=—mszcos(kt):—mkzx
F=m-a,=m-y = F=m -%y =-mk -%[Bsin(kt)]:—mszcos(kt): —mk?y

The force modulus is:

F= Ry =k X7y = i’

where T is the material point position vector.

The ratio:

are the direction cosine of the force F.
=cos| Y,F

F
F

F_-mky -y
F 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, F1 = 3 N and F> = 4 N, which are
characterized by the angles ou = 60° and o = 120° respectively, with the direction of velocity
V,. Find the body acceleration, a, velocity, v and the distance covered into a timet = 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:

Q- Fcosa, +F,cosa, _ 3cos(60)+4cos(120) 3-05-4-05 1 _ -0.25m/s?
m 2 2 4
V3B
Fsino, +F,sina 37+47 73
a, = 1SN+ F 2 _ - =3.03m/s?
m 2 4

and the acceleration modulus:

a=,fa’+a2 =+0.25? +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)
a=3—\tl = dv=a-dt = jdv ja dt' = v(t)-v,=at = v(t)=v,+at

or by components:
v, (t)=v,, +a,t cu v, =V,
v,(t)=v,, +a,t 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:

v= V2 +V2 =175 +30.3? = /306.25 +918.09 =+1224.34 =34.99 m/s

The velocity, V at time t makes an angle a cu Vv, given by the equation:

X X

v v
tgo=— = oa=arctg | = a=arctg 3033 _ arctg(1.731) = 59°59'28".
v \ 17.5

In order to calculate the distance we have:

ds s(t)

t
v=— = ds=v.dt = Idv Iv dt' = s jv +at
dt So 0 0
2 SO:() 2 .
= s(t):so+v0t+% = s(t)= vt+%_20 10 + w:200+152:352m

or by components:

2
x(t)=vot + 2 =20.10- 9210 _ 50 12 5-187.5m
v 2

a,t® 3.03.100
y(t)= 5=

9. A tractor is traveling with a velocity of vo = 36 km/h. If the radius of the wheel isR =0.5m

=151.5m

find 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 = m=h=20@
R S

{x =Vt + Xy, {xw = Xew + Xg {XCW =0 {XR = —Rsin(ot)
y=0-t+y, Yo =Yow +Yr Yow =R +Yq Yr =—Rcos(ot)

Xg = V,t—Rsin(ot) =10t - 0.5sin(20t)
Yr =R —Rcos(wt)=0.5-0.5c0s(20t)

this is the equations of a cycloid.

_ &

b)v o = Vo—OR cos(owt ) = v,[1—cos(wt)] =101 — cos(20t )]

X

v, = (:I_)t/ = oRsin(wt) = v, sin(ot) =10sin (20t)

y

v V2 +vE = JV2[L—cos(et ) + V2 sin(et) = v, /20— cos(ot)) = 2v, sin %t

v =20sin 10t

ds
c V=—
) dt

o=t de=ndt

ds=vdt = ds:ZmRsin%tdt s ds:ZRsingd(p

S 2n 2n
jds':'[ZRsingdcp = 3:4R(—cosgj =8R=4m
0 0

0

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 | = 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.
a) Fe=_kx
w 0 ¢ x2[° I
dW=F-dx = [dW'= [F-dx = W= [-kx-dx=-k| =k_
0 -1/2 -1/2 -1/2 8
2 -4
Wo2002010" 45



11.

2
b) AE, =L, E,—E =L, = 0-k2 __nal = u=XAl__nal
2 2mg

~200-0.1
H 25081
A concrete cube with the side of a = 0.8 m and a density of 2500kg/m?® must be tipped around

=0.204

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.

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

- - A
a) M =TxF=r-F -cos(rF)

A
cos(er =1
r=av2

A
Me o =1 Froy - cos(er = a\/EFmax

_mg_ 2 __PVO_pa
2a72 242 22

Mepoy = Mg = ax/iFm:G% = F.

Fo_ 2500 -9.81-0.8°
max 2\/5

b)

M. =aF(6)=a-F -cos() e

J2 (n ej M. =M, = aFcos(8)= Ga%co{%+@}
4+

=4439.5N

MG:G-a7-cos

3

F=apg %f(e){cos(g) cos(0)—sin (%)sin (9)} = F=2P}_1g(0)]

F(6)= 0.8 '25200 981 [1-tg(0)]=6278.41-tg(0)| N

c) W=an-0

w /4 Tr/4a3 9
AW =2 -d0 = [dW'= 9, -do = wijp[l—tg(e)]-de
0 0

0



12.

13.

n/4

V2 m V2o 7 V2 V2
W=E[a47pgcos(e+zj-d6=a47pg-sm(e+ZJ “p

=a . 1__
2 g 2

0

w :#Tpg-(\/i—l) w= 08 ’25200 981 (/2 -1)=2080.48)

On an inclined plane with inclination o = arcsin(3/5) and length | = 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: En=Eg
E.a =E, 1 =mgh =mglsin(a)
2
mv2 o

Et,B = Ekin,tr,B + Ekin,rot,B Ekin,tr,B = _2 Ekin Jrot,B T 2
1=2mR?  V=0R = =2

5 R

mv? lo* mv: 2 ., v: mv® 2mv® 7 mv?

E.g= + = +—mR 5= — =—

’ 2 2 2 5 2R 2 52 52

: 7 mv? 10 . \/10 3 m

Isinfa)=——— = v=,—dlsinla)) = v=,/—981-21.-=420 —
m ( ) 5 2 7 ] ( ) 7 5 S
ooy A2 4o rd

R 0.01 S
_ 0 _402_g5e8H;

2 21
Demonstrate that after a perfect elastic collision of two hokey pucks of the same mass initial

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 6; = 60°?

E.; =E.; mv? =mv? +mv; m?v? =m?vi + m?v;
= 1. = 1
P=P1+P; P=pP;.+P;

+p2 = 2p,p,cos(8,+6,)=0

cos(6,+6,)=0 = 6,+6,=90° = P, Lp,
0, =90° -6, =90° —60° =30°



14.

15.

cos(0,) = f::\//l :% = v, :vcos(el):40%:20g
cos(6,)= r::/z :V—V2 =V, :vcos(ez):40-§:34.64?

On the deflection plates of a cathodic oscilloscope
with sensibility of 2 cm/V on both axes Ox and Oy it l P | Pl ‘

is applied simultaneously the electric voltage

U, =2cos(100t) and U, =4sin?(50t). Calculate: - S
Wy =~

. The spot equations of motion on Ox and Oy axes.
. Equation of the trajectory.

R a) sX=Ul - x=sxux=2%2vCos(100t) —  x=4cos(100t)(cm)

X

y

S :ul - y:syuy:2%4vSin2(50t) — y=8sin?(50t)(cm)
y

= cos(100t)

X
{x = 4.¢os(100t) i cos(100t)
=

y

X =8sin?(50t) 1-cos(100t)
2

< X

—8 = 4[1 - cos(100t)]

y:4{1—§J:4—x = X+y=4

A material point execute a motion described by the equation: x(t): Zsin2[3nt +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+gj

x(t)=2 1-cos(6nt + ) =1+cos(6nt)=1+sin [6nt + g}

— 2

sinz(oc)zl cos(2a)
2
x(t) = x'+Asin (ot + ;) x'=1 A=1
2n 1

. T = Jo=6mn = o=—=6n = T=-=0.33s

x(t):1+sm(6nt+—j T 3
2 Py =T1/2

_dx

V=T % {X+Asin(wt +, )} = Aocos(ot + @, ) = 61 cos(Grct + g}

10



16.

a=—=-36m" sin(Gnt +Ej
dt 2

A material point with the mass m = 10 g is oscillating under the law:
x(t)=10cos?| —t - |-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)=10 cosz(lt—EJ -5
12 2

Y T
1+ cos(6t—2j
a) = x(t)=10 —5=5sin(ﬁtj
) 1+ cos(2a.) 2
cos?(a) = —— -
2
d Ve :5g
:_XZSEcos(Etj = = Etl:nn = t,=6ns
a6 6 cos[ftlj =+1
6
TCZ

2 a‘n’ax
a:d—V:—Sn—sin(Etj = 3 = Zt,=(2n+1)E = t,=3@2n+1)s
dt 36 (m 6 2
sm(—tzj:ﬂ
6
b) F,= —kx = —kAsin(wt + ¢, )=F,., sin(ot+o,)

2
F_ =kA=me’A=10-10"° -2—6-5-10-2 =1.37-10“ N

2

2 2. 2.2 OB 104
mv? _ mA‘e’ cos (cot)=10 25-107* .2 cosz(gtj=3.43-10‘6 cosz[EtJJ

C)E. =
2 2 2

2 2 2.2 10-%.25.10* . .
Ep:kx _ mA’e’sin*(ot) _10-5; sin?[ Tt |=3.43-10%sin? Tt ]9
2 2 2 6 6

6

2 2
g =T +% ~343-10° )

11



17. A harmonic oscillator which oscillates with the amplitude, A of 8 mm is after t=0.01s from the

beginning of motion (from equilibrium position) at the distance 4 mm measured from equilibrium

position. Calculate:
a. oscillatory pulsation;
b. oscillatory period,;
c. oscillatory frequency;
d.
e.

velocity of oscillation in the given position;

acceleration of oscillation in the given position.

R: a)y(t)=Asin(ot+¢,)
y(0)=0=Asin(0-0+¢,) = sin(p,)=0 = ¢,=0
y(T):4=%=ASin((D’C) = Sin((ﬂt)=_ = ng = OJ:%:GSO]- (,0=%TC
21 21 2n
b)(l):? T:;:W T=0.12s
—T
3
o veiol o y_833Hz
T 012
d) V:((jj—%[/:coAcos(cot) = V(r):%n-8-10'3cos(5—§n-0.01j:0.419005(%j =
v(t)=0.36 m/s
:‘;_‘t’:_@%in(@t) = a(r):—2500n2-8-10_3Sin(%n'0-01j = a(1)=10977;.
s

18. The sonic boom created by an airplane it

is heard in the moment in which the
direction observer—airplane makes an
angle o. = 60° with the vertical. How much
is the airplane speed? (vs = 340 m/s)

R: 0=90-a

\/S \/S

340

At the spead of sound

Alrflow

Less than the speed of sound Greater than the

speed of sound

Airflow

Pressure

disturbances Sound barrier

fmach 13

Planes flping at the speed of sound
experience adramatic increase in
their drag because disturbances
accumulate instead of disperse,
The airplane has almost caught up
with the pressure waves it is
creating with its forward thrust,

Pressure
disturbances

Slow -flying planes create air
pressure disturbances that move
atthe speed of sound, traveling well
in front of the plane. The airflow
adjusts and disturbances disperse,

Flanes flying faster than
the speed of sound cCause
powerful shock waves
because airflow has no
time to adjust for them.,
The sonic boam is the
sound associated with
the shock waue.

Fressure
disturbances

sound: (atsealevel)
kshr (760 mph)

\

a

“sin® coso

=2-340=680%=2Mach

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



T
vV=_|—
u

“\pS

I
LT 1] 17810 100
21\ps  2-1V8900-2-10° 2

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

(vi = 5000 m/s). Calculate the steel Young modulus if the density is (pr = 8000 kg/m?).

R A, =Ye-30_0773m=77.3cm
v 440
p = Yo 2200 g9 361
v 440

Vt:\E = E=pv?=8-10°(5.10°f =2.10" "+
P m

21.1In the liquid Helium (below 4.2 K) the sound velocity is 220 m/s. If we know the He density p
= 0.15 g/cm® find the compressibility modulus. Compare this result with the water

compressibility modulus if we know that the sound velocity is 1460 m/s.

A XHe=pvﬁe=15O-2202=7.26-106%
p

Yw = PVi, =1000 -1460°% = 2.1316 -10° ﬁz
m

9
Xw _ 2.1316 -10 _293 6

Y. 7.26-10°

22.By a copper wire with the length | = 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, o= E , strain, ¢ = AI—I and elastic constant, k;

b. The Young modulus, E;

0
c. How much is the inter-atomic distance if in the unstressed material is R, =2.56 A ;

13



R: a)o= F mg2 4m;q_4109681_125108 N
S nd 7-10 m?

Al 256-10°

g=—=—"""_=16-10°=0.16%
| 1.6
F=—F =kAl=mg = k=m=—10'9'8%3=3-83'1(T4E
Al 2.56-10 m
8

b)—_EAI = o= = E=2-121 75500 N

| e 1.6-10 m
) EZAT' = AR:ATIR =¢R,=1.6-10"-256-10"° =4.096-10™* m.

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, Ipin = 10> W/m?? We know the air

acoustic impedance Z, = pc = 441 kg/m?s. How much is the pressure and the sound level?

R: N, +N,=N, = N,=N -N_

|
N, =10|9[—mj NL=1OIg(I—Lj
l, 3
No=N, -N_ = NAzlolg(:—LJ—lolg£=—mj:10Ig[:—Lj
0 0 m

| =1

pain

2 2 2
=P 0 arxaot W
pc Z, 441
| 10° 1
=10lg| -+ |=10lg| ———— |=60I
8 g(lmj g(4.41-10“] 9(441j
N, =53.5dB

24, Find the relation between the intensity of wave into an absorbed media as a function of depth
of penetration and absorption coefficient.
R:
dl =—aldx = $:—adx I = In(Lx)j =—ax = I(x)=1,e™
0

Iy I0

25. 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 ro = 0.53x1071° m. Calculate the attraction force between proton and
electron.

14



26.

27.

2 -19 @ 2
F=— Tt & _ 910° (1610 )2 =—9-1'62 10%3%% = _0.82-10”
4rg, 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 1 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/s2.

m?  6.67-107 (167.10 '] 6.67-167°

10\
i:_k ez/_ kgm’i_&i 9-10° (1'6'10 19) 9-16° .109-3811+54
F k
Fe
Fo

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 ¢ +q
angle between the fires should be 2a. = 90%? The gravitational | ,’

I 7
accelerations is considered g = 9.8 m/s?. (sin 45 = 0.707; tg 45 = e mg
1).

q2
FC = —ke d_2
G=mg d=2lsina
q° o
k 1 m-g- tg e
e 42
tg g —_ i —_ —d = —2
2 G mg K,
0
q=2-0.2-sin (450)\/0'1 98 t%(45 ) q= 0.4~O.707‘/&81 107 =2.95-10"°
9-10 90
q=2.95-10°C

15
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28.

b)

29.

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.

a) r<R;

Eds=2 o fEnds=2

> €y x €

= E §d§=—' — E~4TE~I’2=&
z e 80

_Q_ Q _q _r
PV aR aw 9RO
3 3
= 170 Q r
E-dnri=——_ E= —
LR 4n-g, R°
B _av B Vi) o, o Q r
E=-W=-"" dV=-Edr = jv(o)dv_—jE dr = V(r)-V( )__Io4n-soﬁdr
Q 1 Q 1r? Q r?
V(r)=- —[rd V(r)=- —— —— —
) 4r-g, R® 0 ) 4r-g, R® 2 ) 8n-g, R®
r>R,
{E ds=2 = §Eﬁds=3 = E-§d§=9 = Eanrr=2 E=_9
= &g z € = € €, 4reyr
e-w-- o wvekd = [Vov-[Ed =
dr V(R) R
o Q , _ Q r 1
V(r)—V(R)_—jR4n80rl2-dr = V(r)—V(R)_—WLrI—Z~dr
Q 41 Q Q
V(r)-V(R)= d= V(r)-V(R)= -
VR 2= d 7] = vi-vR)-; SO
Q
V =
(r) 4drg r

Calculate the electric field intensity at a
distance a from a rod, uniformly charged with a

total charge Q.

16




dQ

2

1
A, T

Q_dQ

I dl

dE

dE, =2dE, = 2dE -sina

A= dQ =Adl = Adx r’=a’+x?

/2

j23inoc L ﬂ
0

2

A-a Fdx
—3:

E, =2

E,
[dE, =
0

drg, T ey o F

d(x(a2 +x2)_%): dx -(a2 +x2)_% +x(—%j(a2 +x2)_%2x-dx =

_a?+x?-x?

dx

3

(a2 +x2)E

1A' atadx

. a
SIna =—

r

1/2

I dx

o(a2+x

A-a
4me,

2

5 )3/2

1 1 x?
(a2 +x2)% (az +x°

)}dx

E, =2 =
'\ 4ng, a o(a2+x2)3/2
Q |

1 12 1 Q

drg,a |, | _4n80 a-l [, |
Jai+— Jai+—
4 4

1 Q
' 4me, 2av4a® 112

Let’s consider a coaxial cable constituted from

=2

E

30.
two conductors having the radius a 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 I is charged with an electrical charge q.

dvV=-E.-dr = dv=0 >

17

V = const



Eds=Q o §E 5= — E-o
> 80 > 80
= av
E=—VV=—d— = dV=-E-dr = dv=0 = V=const
r
C) a<r<b;
Eds=2 o {Ends=2 = {En-ds+fE-n-ds+fEn-ds=2
b €, X € % 2 23 Lo

= E-§Zd§=& ~ Eoom =9

€o €0
ngzg = E-27tr-I=k—'I = E= A = E= Q 1
L | € 2mre, 2mle, 1
E-vw=-Ngv-—f.ar = [“av =" Q g o
dr V(a) a 2mle, 1
28
V(a)-V(b)= =-dr V(a)-V(b)=U= Inf —
(@)-Vib) ZTEISOL r (@)-Vib) 2nle, \a
V(H)=-2 i) c=23= 2
2nile, u (b)
n —
a
Use the Gauss theorem to calculate the expression of a
plane capacitor capacity.
R: -
{E 5= = {En 5= i i
z 80 z 80
= {E-fi-ds+{E-fi-ds+{E- ds =
S, S, S g,
:E-§ds+E-§ds+0:& :>25§ds:&
S, S, €y S €, —
:>2E-31=%; =29, Q =05, < :
€o S Sl < Ly .
:25.51:6'_81 —~ =2 E.=2E=2 —
=) 2g, €y _—
E:—VV:—(;—V «—|
X

18



dV=-E-dx = jvv(ib))dV=—E-Lbdr' = V(a)-V(b)=E(b-a)

V(a)-V(b)=U=E-d u=2.4= Q .d C Q_&"S
€ €S u 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).

Ri &)  {B.dl=p,-1 = B-fdi=p,-1 = B-2wr=p,-1 = g=tol
C C

b)  {B-dl=p,-1, :TB-dT+jB-dT+iB-dT+jB-dT:uo-N-I =
C a b c d

D ey T

B-dl+0+0+0=p,-N-1 = B-[di=p,-N-1 =

B-l=p,-N-1 = B=“°+\"'=uo-n-|
& X
00000000000000000000000
:§_ 'b";::j
— —_—
*<66000000000000000000000

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 d1 = 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
d2 =30 cm one from each other. (uo = 4nx107" H/m).

F.=B,-1l,-L
R. a) a ' |2 = F _ MO.I]- | L = Flz — HO 'Il.lz
. B:Ho'l 12_27‘5-d 2 L 2rn-d
' 2n-d ! 1
1

-7
F, _ 4710 5i0=4 5 05_5.19°5 N
L 2r-20-10 2.2 m

d;

L d,
b) dL=F(x)-dk = [dU'=[Fx)}-dx = L=[fovlepg =
5 i 5 21 X
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1
i 5 X 2n

L_moh-ly .|n(%J=—4“'10_7 510 4, (30} 0.405465 -10°°
21 20

34.  An electric current with 1 = 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?

R: a)

c+a

< 2mr

-7
O Kol -b ~In(c+a]= 47-107-10-0.3

I(4Oj 4.15888 -10”" Wh
21 c 2% 20

Fop B B
b)  dF=rB.d = [dF=[rB-d = F,=I|B-dl
0 [¢2 o

I uol' 1 .In[a+cj_4n~10‘7-10~5

12 34 c 27_[

b ' -7
Fa= 1" Mol 4o _Moll b _4n-107-5-10 30

il

2n

d,
L:J‘Ho'lflzL,dX:Ho'Il'IZL.IdX Moy 2Lln()| —~ L= Moy IZLIn
2 2

b

=4.05465 -10°°

J

m

21

c

- =—=75-10° N
: 27t(C+a) 2n  c+a 21 40
I'1 47-107.5-1
Fo= [ ol g _tol 1D _am10°:5:10 30,5 500y
2nC 2n ¢ 27 20
|f:|512+|323+|334+|f41
c) F:an_F41=M0|.I'[L—E:l:—uol.l-b' a :—H°|'|~b' az
2n |c+a ¢ 2 clc+a) 2n 2a
1 7
I::_uol-l .9: 47-107"-5-10 30_7510 N
4n a 4n 20

20

db=B.d5 = jdcp jB S = o= ijdr_b [ Bl gp—p. Mol T dr

r

. |n(£) =6.93147 -10° N
20




35.

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; =2stot, =5s.

b) The electric current intensity of a constant current, which leads to the same amount of
electrical charge in the given time.

R:
_dQ _ _ t, _ t; 2
) 1= = QiMQjLLm—L@+$+tMﬂ
P 2 .3 2 .3
Q= 2t+3i+t— = 2t2+&+t—2 — 2t1+3L+t—1
2 3 t 2 3 2 3

1

2 3 2 3
= 2-5+£+5— - 2-2+£+2— =89.166 —12.666 = 76.5
2 3 2 3

Q=765 C

ol

by 1,=%-_Q _5_ 55
At t,—t, 5-

N
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