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Problem 01: The side of an elementary cube in the primitive cubic crystal is a = 1.2 Å. How many atoms are there in 1 cm3? (Avogadro number NA = 6.023 1023 mol-1)
Solution: 1D in 1 cm: 1/1.2 10-8 = 8.33 107 → 3D in 1 cm3: (8.33)3 = 5.79 1023
Problem 02:  The street system in a town consists of radial roads and rings. If we are entering via one radial road and plan to leave by another, how should we drive to take the shortest path?

Solution: This depends on the angle φ between the two radial roads. The distance through the center is always 2R so for φ < 2 radians it is shorter to take the ring.
Problem 03:  The highest and most tilted point on the Leaning Tower of Pisa is 56.7 m high and its projection lays 3.9 m from the bottom of the wall. How is the tower tilted and what is its real length?

Solution: tgφ = y/x; x = h cosφ ; y = h sinφ ; φ = atg(y/x) = 1.5 rad = 86.063˚. The tilt from the vertical direction is only 3.94˚. The length of the tower is h = y/ sinφ = 56.8 m. The tilt is relatively small but human eye is sensitive to the tilt for the vertical or horizontal directions.
Problem 04: Test basic vector operations using these vectors: a = (2, -1, -2); b = (6, -3, 1); 
c = (-2, 1, -5).  For instance, is c perpendicular to a+b?

Solution: (a+b).c=(8, -4, -1).(-2, 1, -5)= -16-4+5=-15. These vectors are not perpendicular.
Problem 05: A car travels 50 km by the speed of 60 km/h and the next 50 km by the speed of 120 km/h. What is its average speed? 

Solution: Using a primitive average (60+120)/2 is wrong! The proper definition must be employed: <v> = si/ti = 100*60/75 = 80 km/h
Problem 06: As could be seen from another boat flowing with the current our boat travels with a velocity vl = 1.85 m/s to the North perpendicular to the current. Tom standing on a shore sees the current to flow with the velocity vp = 1.2 m/s to the West. What is the velocity of our boat seen by him?
Solution: He sees it traveling to the North-West under an angle φ to the West. Vectors of the velocity of the boat and the velocity of he current are perpendicular, so φ = arctg(vl/vp) = arctg(1.54) = 57.03 ̊. v=2.2051 m/s
Problem 07: The coordinate of a particle can be described by the equation 
x(t) = 2.1 t2 – t + 2.8.
a) What kind of motion is it? 
b) After how long is the speed zero?
c) What is the speed after 5 s?
d) What is the coordinate after 3 s?
e) What is the average speed between 3 and 5 s? 

Solution: ab) v(t) = dx/dt = 4.2t–1, a(t) = dv/dt = 4.2 , v(t0) = 4.2 t0–1=0 uniformly slowing up to t0=1/4,2=0,2381s then uniformly accelerated. 
cd) v(5) = 4.2*5–5 = 9.5 m/s c) x(3) = 2.1*9–3+2.8 = 18.7 m; x(5) = 50.3 m. 
e) <v>  = (x(5) –x(3))/(5-3)  = 15.8 m/s.
Problem 08: Two cars start from two places 100 km apart approaching each other by the speeds 20 ms-1, respectively 30 ms-1. Where and when they meet? Try also graphical solution.

Solution: The equations of their motion xa(t)=20t; xb(t)=100000-30t; Their solution use the fact that if they meet it has to be at the same time and in the same point, so both equations must hold together t(xa=xb)=2000 s
Problem 09: The driver of a car driving by a speed of 108 km/h notices a police radar ahead. He starts to brake with the acceleration of a = –2,5 ms-2. When his car really starts to slow down the radar is just 100 m ahead. What speed will be measured?

Solution: From the formulas for x(t) and v(t) we eliminate time: v2 = v1 + a(t2 - t1) → (t2 - t1) = (v2 - v1)/a → x2 = x1 + v1(t2 - t1)  + a/2 (t2 - t1)2 → d = x2 - x1 = v1(v2 - v1)/a + a/2 ((v2 - v1)/a)2 = ½ a (v22 – v12) → v22 = 2ad + v12 = 72 km/h
Problem 10: Estimate how fast must the air-bag inflate to help a driver driving at the speed of 108 km/h, which stops at 1 m after crushing? 
Solution: The average acceleration is a = (v22 – v12)/2d = -450ms-2 → dt = (v2 – v1)/a = 
0.0666 s. It is particularly the acceleration what kills!
Problem 11: What are the period T, the frequency f, the angular speed ω and the circumference speed v of points on the equator and on the 50th and 60th parallel?

Solution: T=86400s; R=6378km; Equator: OE=40000km; vE=1666km/h=463m/s; At the parallel φ: O(φ)=OEcos(φ); O(50)=OEcos50=40000*0.463=25712; v(50)=1071km/h=298m/s;
Earth parameters: Tsiderial=23h56m4.09s=86164s; tropics ~23.27˚; polar circles ~66.33˚
Problem 12: An axis at rest starts to rotate with the constant angular acceleration ε = 2s-2. After how long the centripetal acceleration reaches four times the value of the tangent acceleration? Is it necessary to know the diameter?

Solution: It is the case of uniformly accelerated rotation so at=εr and ac=ε2t2r→ε2t2r=4εr→t2=4/ε
Problem 13: The crank arm of a bicycle has the length r = 171 mm, the front gearwheels have from 22 to 54 teeth and rear freewheels have from 9 to 36 teeth. That allows for a great span of gear ratios. What is the distance the rear wheel of diameter D = 696 mm travels at one rotation of the pedal crank arm when the gear ratio 1:1 and 54:9? How high would the ‚High bicycle‘ have to be?

Solution: The circumference speed of the wheels connected by a chain is constant. Moreover the circumference of a gearwheel is proportional to its number of teeth as well as its radius or the diameter.: Let ω be the angle velocity of pedals and the front gearwheel and Ω the angle velocity of the freewheel and the rear wheel and z, Z the respective number of teeth then ωz=ΩZ!; Since z is proportional to the respective radius or circumference → Ω=ωz/Z; For the ratio 1:1 Ω=ω; p=R/r=2.03 and the distance L1=2.187m. For the ratio 54:9 Ω=6*ω; p=zR/Zr=12.2; L1=13.1m. In this case the ‚High bicycle‘ would have to have the diameter DD=4.2m!
Problem 14: A little puppet with the mass of m = 100 g is hanging on a string on the mirror of a car. 
a) What is its force on the mirror at rest?
b) Later the car uniformly accelerates on a horizontal road so the puppet is inclined by 6° from the vertical. What is the acceleration of the car?
c) What is the force on the mirror now?

Solution: The string is stretched always in the direction of the resulting force. 
a) At rest it is vertical and the force is the weight G=mg=1 N; 
b) a/g=tgφ → a=g.tgφ≈g.φ=1.05 m/s2; 
c) Since here the force of gravity and inertia are perpendicular we can use Pythagoras law G≈>1N.
Problem 15: A child on a merry-go-round rotates on a circle of the radius 5 m and the string that holds him is inclined 30° from the vertical. What is the angular speed of the merry-go-round?
Solution: tgφ = ac/g = ω2r/g → ω = sqrt(g.tgφ/r)
Problem 16: A body with the mass of m = 2 kg is hanging on a string over a pulley. The influence of the pulley and string can be neglected. We act on the string by a force. What happens if 
a) F = 0, 
b) 0 < F < mg, 
c) F = mg 
d) F > mg? 
e) Can the acceleration bigger than the free-fall g be reached?
Solution: We use the concept of dynamic equilibrium F+F*=mg → The inertial force F* = mab = mg-F → ab=(mg-F)/m 
a)  F=0 → ab=g Free-fall. 
b) 0<F<mg ab=(mg-F)/m<g slowed free-fall.
c) F=mg → ab=0. The body moves uniformly or is in rest. 
d) The body accelerates upward ad<0. 
e) This can’t be reached applying force on a string over a pulley. The force has to act directly on the body, be vertical and (its component) point downward.

Problem 17: Two bodies hang on a string over a pulley. The influence of the pulley and string can be neglected. The body on the left has the mass m1 = 3 kg, the body on the right has the mass m2 = 2 kg. How the system moves when the string is released? What if there was some initial speed? 

Solution: Since there is a non-zero resulting force of gravity the system is uniformly accelerated. If the influence of the pulley, bearings and the string can be neglected then the force stretching the string on both sides of the pulley are the same. So in analogy with the previous problem we can write for the left side m1g=m1a+F and for the right F=m2g+m2a after excluding F we get the acceleration a=(m1- m2)/(m1+m2). The heavier body accelerates downward the other upward. If the initial speed it opposite to the acceleration the system first slows down, stops and then moves the same way as it would move from the rest.
Problem 18: A toy railway has three wagons with masses m1 = 10 kg, m2 = 5 kg, m3 = 5 kg and an engine which pulls the first wagon behind it by the force of 40 N. The first wagon pulls the second and that pulls the third one. The rails are horizontal. How will the train move? What are the forces that pull the individual wagons if we neglect all resistance forces?

Solution: The total mass is m=20 kg so the uniform acceleration of the train is a=F/m=2 m/s2. If a force Fi acts on the i-th wagon a part of it accelerates this wagon and Fi+1 pulls the rest of the train. Generally we can write Fi+1=Fi – a.mi. So the forces are F1=40N, F2=20N and F3=20N.
Problem 19: A body with the mass of m = 2kg is pulled from the rest by a constant horizontal force F = 40N on a horizontal plane. How it moves if 
a) the friction can be neglected?
b) The coefficient of friction is μ = 0.2?
Solution: a) aa=F/m;
b) ab=(F-μmg)/m Friction acts always opposite to the speed. This has to be taken into account if there is some initial speed.
Problem 20: A body with the mass of m1 = 3kg is at rest on a plane inclined from the horizontal direction by α = 30˚. It is connected by a string over a pulley with another body with the mass of m2 = 2kg which hangs freely. The influence of the pulley and string can be neglected. How will the system move after being release if 
a) the friction can be neglected?
b) the coefficient of friction is μ = 0.1?

Solution: If the string and pulley can be neglected the force in the string is everywhere the same.

a) Only the component of weight parallel with the inclined plane has to be taken into account.
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b) The hanging body prevailed the body on the inclined plane. This is not the general case but when considering friction this can’t change. In the worst case the resulting force will not be enough sufficient and the system stays at rest. 
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Problem 21: A cheap mallet consists of a metal part with a shape of a cylinder of the diameter 10 cm and mass m1 = 1.5 kg and a wooden handle a much thinner cylinder 20 cm long with the mass of m2 = 0.5 kg. The handle is glued to the perimeter of the metal part in its middle so the rotation axes are perpendicular. Where is the center of mass of this mallet?

Solution: The general formula for the center of mass of a system of several particles is
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Formally the same formula can be used for the center of mass of a body consisting of smaller parts if we know their masses and centers of mass.

Due to the symmetry our problem is one dimensional. We can coincide the x-axis with the axis of the handle and place the origin into its centre of mass. Then:
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The center of mass is in the metal part 11.25 cm from the c.o.m. of the handle.
Problem 22 (Torque): When we have to use a scale with unequal arms we can find the correct weight by measuring twice. When we put the body of unknown mass m to the left we have to balance it by the weight of m1 = 330 g on the right. When we put the unknown body to the right we have to balance it by the weight m2 = 920 g on the left. What is the unknown mass m?

Solution: The scales compare torque of the bodies on the left and on the right which try to rotate it in opposite sense. If the length of the left arm is a and of the right one b we can write:
mga = m1gb and m2ga = mgb  m = sqrt(m1m2 = 551g) – geometrical average.
Problem 23: Peter whose mass is mP = 60 kg is standing at rest on a 'long-board' with a mass of mB = 20 kg and Paul is standing on a ground. Suddenly Peter starts to run on his board. What will be the velocity of the board when Peter reaches the speed of vP = 4.2 m/s relatively to Paul?
Solution: If any external influence can be neglected the total linear momentum of the system Peter-board must be constant, in our case zero. So: 0 = pP + pB = mPvP + mBvB  vB = -vPmP/mB = -12.6 ms-1. The minus sing means obviously that the board has an opposite velocity than Peter!
Problem 24: Peter whose mass is mP = 60 kg is standing at rest on the circumference of a circular disk, that can rotate around its axis, with the diameter d = 6 m and the angular momentum J = 1800 kgm2 and Paul is standing on a ground. Suddenly Peter starts to run on the disk along the circumference. What will be the angular speed of the disk when Peter’s velocity reaches vP = 4.2 m/s relatively to Paul?
Solution: If any external influence can be neglected the total angular momentum of the system Peter-disk must be constant, in our case zero. So: 0 = bP +bd = mr2(vP/r) + Jωd  ωd = -mrvP/J = -0.42 rads-1. The minus sing means obviously that the sense of the rotations of the disk is opposite to the sense of Peter’s motion!
Problem 25: A body of the mass m1 = 3 kg hangs on a string from a pulley. On the other side hangs another body with the mass of m2 = 2 kg. The influence of the string and resistance in bearings can be neglected and the bodies are held at rest. What will be the motion after the system is released? 
a) If the influence of the pulley can be neglected?
b) If the pulley is a cylinder with the mass of m3 = 1 kg and r = 10 cm?
Solution: In either cases the heavier body will move down uniformly accelerated. 
a) If the influence of the pulley can be neglected then the stress forces on both sides are equal: 
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b) The weight of the heavier mass must also rotate the pulley:
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Problem 26: A star with the mass of twice that of our Sun and a radius r1 = 7.105 km rotated with the period of 10 days (T1 = 864000 s). What will be the frequency of rotation of it has collapsed to r2 = 10 km?

Solution: If we suppose that the mass change can be neglected the angular momentum conserves:
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Problem 27: Adam with the mass of mA = 75 kg sits on o bench at the distance 50 cm from Beata with the mass of mB = 50 kg. What is the force of gravity between them? What is the acceleration?
Solution: The force of gravity attracts all bodies that have non-zero mass. Forces acting on Adam and Beata have the same magnitude and opposite direction. From Newton’s law: |F|=1.10-6 N. But the acceleration depends on the mass and is not the same ap=1.334.10-8 ms-2; ab=-2.10-8 ms-2.
Problem 28: The gravitational acceleration is g = 9.83 m/s2. Estimate the mass and density of the Earth if RE = 6378 km?
Solution: The gravitational acceleration near the surface of the Earth is equal to the intensity of the field of gravity. So we use the Newton’s law:
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Problem 29: The gravitational acceleration on the surface of our Moon? What would be the difference between the body on the Earth and the Moon?
Solution: The scales measure the force of gravity. Usually it is used on the Earth so it can be calibrated directly in mass units. κ = 6.67.10-11 Nm2kg-2; MM = 7,342.1022 kg; RM = 1,737.106 m
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Problem 30: A sphere of the mass of m = 10 kg is pushed the distance s = 20 m up the plane inclined from the horizontal direction by the angle 30o. What work has to be done and what potential energy the body gains? Compare cases 
a) without friction
b) with the friction coefficient of μ = 0.1?

Solution: a) If friction can be neglected the potential energy gain is equal to the work ΔEp=F.s= s.G.sinα=Gh=mgh=1 kJ. 
b) In the real case part of the work is changed to the thermal energy by friction and dissipated. So the work must be higher by ΔW=s.Fd=s.μ.G.cosα=20.0.1.100.sqrt(3/4)=173J. 
So the work 1173 J is done but only 1000 J can be in principle used back.
Problem 31: We compress a spring with the stiffness of  k=100 N/m from the equilibrium by s = 1 cm. 
a) What is the average force we have to put in? 
b) What work has to be done? 
c) What potential energy will the spring gain?

Solution: A spring has a special shape so that even relatively large deformations stay elastic and a simple direct proportionality relation between the force and deformation holds F(x)=kx. a) The average force is <F>=(F(x2)-F(x1))/2=0.5N. 
b) We can use the average force W=<F>s=5 mJ but more general and elegant is to integrate: dW=kxdxW=kX2/2=5 mJ. 
c) If loses can be neglected the deformation work is equal to the gain of the potential energy.

Problem 32: Where and at what distance from the Earth surface must the geostationary satellite move? What is its potential energy?

Solution: The geostationary satellite has to rotate around the Earth axis with the same angular velocity. Since it is also a satellite it must rotate in a equator plane. When κ = 6.67.10-11 Nm2kg-2;
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Problem 33: The shot has the mass of m = 7.5 g. From the barrel 120 mm long it leaves with the speed of 390 m/s.
a) What is its kinetic energy and what was the average force that acts on it during its flight through a barrel? Part of the energy of the gun-powder is dissipated and the shot also.

b) How high it would climb if it was shot perpendicularly up?

Solution: a) The kinetic energy Ek=mv2/2=570J=s.FpFp=Ek/s=4.75 kN.
b) If loses are neglected we use the conservation of energy Ep=Ekh=v2/2g=7605m
Problem 34: The shot from the previous problem hits the ballistic pendulum with the mass 
M = 1 kg and stays in it. What will be the displacement angle?
Solution: If the shot stays in the pendulum the linear momentum is conserved. Then we use conservation of kinetic and potential energy: V=mv/(m+M)=2.9m/sh=V2/2g=0.42m.

Problem 35: When the Cu anode of an X-Ray tube is heated and electron is released with negligible kinetic energy. Then it is accelerated towards the anode by a voltage difference of 100 kV. What kinetic energy and what speed it gains?
Solution: From the definition of potential Ek=Ep=qeU=100keV=1.6.10-19.105=1.6.10-14J. The speed calculated classically v=1.88.108m/s. It is almost 2/3 of c so the relativistic formula E=mc2 must be used as a basis for accurate calculation.
Problem 36: What is the ratio of the submerged volume of an iceberg with the density 
ρi = 920 kg.m-3 in a see water with the density of ρw = 1025 kg.m-3?

Solution: Let Vi be the volume of the iceberg and Vw=kVi volume of water displaced by the iceberg. According to Archimedes principle Vi ρi = kVi ρw =Vw ρw = m. so the ratio is k = ρi /ρw = 920/1025 = 0.9
Problem 37: A balloon with the weight m = 1800 kg is descending with the acceleration 
a = 0.5 ms-2. What load has to be released to stop the descending?

Solution: Should the descending be stopped, the buoyant force must be equal to the new weight : 
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Problem 38: Hiero II, the king of Syracus ordered Archimedes to find out whether his new crown is really golden. Archimedes found out that the crown weights m = 14.7 kg in the air and in water with the density ρV = 1.103 kg/m3 weights mv = 13.4 kg and knew that the density of gold is ρAu =19300 kg.m-3. Is the crown golden? 

Solution: V = m/ρx; V = mv/(ρx – ρV)  ρx = ρV m/(m-mv) = 11308 kgm-3. The crown is probably lead. The double-weighing method is used to find out density of stuff that has irregular shape.
Problem 39: What is the total force acting one side of an aquarium? The side is h = 1 m high and w = 3 m wide.

Solution: Pressure of water depends on the current depth, so we have to integrate by strips dx high and w wide:
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Problem 40: An airplane flying horizontally has the mass of m = 2.106 kg. The area of its wings is S = 1200 m2 and the density of air is ρ0 = 1.2928 kg/m3. The speed of air flow around the lower surface of the wings is vL = 100/s. What must be the speed of the flow around the upper surface vU?
Solution: The pressure difference acting on the lower resp. upper surface of the wings must be equal to the weight of the plane. Since the plane flies horizontally we use Bernolli's equation with the potential energy terms cancelled:  
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Problem 41: Water flows down from a faucet of the cross section of S1 = 1.2 cm2. A 45 mm lower the cross section decreases to S2 = 0.35 cm2. What is the flow speed from the facet v1 and what is the flow-rate Q? Try to outline the general dependence.

Solution: We expect that there is atmospheric pressure around the stream: 
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v1=0.286 m/s, Q=34 ml s-1
Problem 42: Water flows vertically up the fountain jet with the cross section of S1 = 4 cm2 with the flow-rate of Q1 = 1 L/s. What will be the cross section S2 and flow speed v2 
Δh=20 cm above the jet?
Solution: The exactly same equation as in the previous problem can be used: v1=2.5 m/s, v2=1.5 m/s, S2=6,66cm2
Problem 43: How long L1 can a steel string hanging vertically be so it doesn't break by its own weight? 
b) How long L2 it can be if its cross section is S = 3 mm2 and there is a load of m = 60 kg on its end? The density of steel is ρ = 7.8.103 kg/m3 and a peek stress σmax = 3.14.108 Pa?

Solution: We can assume the string breaks close to its upper end since there all the weight is supported and derive a formula for the second more general case: 
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L1=4026m, L2=1461m
Problem 44: The steel string is L = 100 m long, its density is ρ = 7.8.103 kg/m3 and Young's modulus E = 2.1010 Pa. It hangs vertically by one of its ends. What is its prolongation by its own weight?

Solution: Since there is different stress along the length we have to integrate. Let define vertical axis x with the origin at the free end of the original un-deformed string. A piece of the length be dx is prolonged by dl(x) that depends on the weight of the string below. We assume to be in the range of proportional deformation. So Hook's law holds and for dl(x) we get :
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So the total prolongation ΔL we get by integration i.e. by adding pieces dl(x) over the original length of the string:
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Problem 45: A pump of a house hot-water heating system is placed in the basement. It pumps water under a pressure of 3 atm, at a speed of 0.5 m/s through a pipe with the inner diameter of 4 cm. What will be the pressure and speed in a pipe with the inner diameter of 2.6 cm on the second floor 5 m above?

Solution: Let's assume the pipes are not branched. Then from the principle of continuity:
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 We use Bernoulli's equation with h1=0 
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Problem 46: Water level is 10 cm above the bottom in a cylinder with the cross section of  S1 = 50 cm2. How long it takes since half of the volume leaves by a hole at the bottom with the cross section of S2 = 5 mm2?
Solution: We define a vertical y axis with the origin at the bottom of the cylinder. Although S1>>S2 in this problem we can't neglect motion of the level v1:
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Quite contrary we have to find out its dependence on the current level v1(y).
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Problem 47: A homogeneous disk of the mass of m = 3.4 kg and diameter d = 60 cm can rotate around a horizontal axis fixed to a point at its circumference. Find the period T of its oscillations and its reduced length?

Solution: This is typical case of a physical pendulum:
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Problem 48: A whale sends ultrasonic impulses with the frequency of f = 200 kHz. The compression modulus of water is B = 2.109 Pa and its density ρ= 1025 kg/m3. 
a) What is the speed of these (sound) waves?
b) What is their wavelength? How long it takes till the signal returns from an obstacle which is at a distance of d = 100 m?
Solution:
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Problem 49: Our Sun emits light whose peak intensity is in the visible region at around 500 nm. How does this wavelength change in diamond if the refraction index of a diamond is n = 2.419.

Solution: When radiation passes through an interface of two media its frequency stays constant while the speed of the waves and thereby the wavelength may change accordingly.

f=c/ λ0=v/ λ; λ0=500 nm; λ= λ0/n=206.7 nm. In the air that would be in UV region but in diamond it is not since even the UV waves become shorter.
Problem 50: Our Sun emits light whose peak intensity is in the visible region at around 500 nm. What is its surface temperature?

Solution: According to Wien's law T=2.9.10-3/500.10-9=6000K
Problem 51: A light monochromatic wave has the wavelength of λ = 650 nm. What is the energy of its photons? Could this light be absorbed by Hydrogen atom? 

Solution: According to Planck law E(eV)=1240.7/650=1,91 eV. Using Bohr’s the energy levels are E(n)=-13.6/n2 and the first three energies: E1=-13.6eV, E2=-3.4eV; E3=-1.51eV →1.9eV doesn’t correspond to any of energy differences between them. If the wavelength was λ=656.3nm its energy would be 1.89 eV which corresponds to the E2 to E3 absorption.
Problem 52: Through a piece of conductor with the resistance of R = 5 , the charge of 
Q = 40 C passed within the time interval τ = 16 s. What work had to be done if the current decreased uniformly to zero during this time? Who did the work and where is the corresponding energy?

Solution: 
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This work could have be done by a specially programmed power source and has changed into the thermal energy.
Problem 53: What is the current in the following diagram? What power is brought to the circuit by each of the power sources? What is the voltage difference in the points A, B, C, D and the point E? Note that the resistors Ri1 and Ri2 are the internal resistors of the respective power sources.

Solution: The circuit has only one loop and the power sources are connected against each other. So since the sum of all resistances is R=9Ω, the current is 2A oriented counter-clockwise. The voltage on each of the resistors follows Ohm’s law. The polarities are given by the current orientation and are denoted by the + signs. So UA=2V; UB= -14V; UC= -12V; UD= -4V; UE=0V. The first power source brings U1I=48W into the circuit, U2I=12W charges the second power source and the rest RI2=36W is dissipated into heat on the resistors.
Problem 54: Between two conductor plates with the area of S = 200 cm2 there is a slab 1 mm thick made of glass with the relative permitivity εrs = 7. On its both surfaces there is a thin layer of paraffin 0.2 mm with the relative permitivity of εrp = 2. What is the capacitance of this capacitor? 
Solution: If boundary effects can be neglected the electric field lines are perpendicular to all the surfaces which are equipotential. So the total capacity is the same as the capacity of three capacitors in series. One has 1 mm of glass and the two other 0.2 mm of paraffin:
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Problem 55: A simple capacitor with two conductive plates and a slab of dielectric material with the relative permitivity εr = 5 between them has a capacity of C1 = 500 pF. It is charged to 5 kV and disconnected from the power source. What work has to be done to remove the dielectric slab? 
Solution: If the power source is disconnected the charge on the capacitor is conserved (unless we discharge it by bad manipulation). The capacity of a simple capacitor is directly proportional to the relative permitivity. Removing the slab decreases the capacity and increases energy so work has to be done. If the power source was not disconnected it would keep constant voltage on the capacitor and removing the slab would decrease the energy so the slab would jump out:

[image: image29.wmf]mJ

C

Q

C

Q

C

Q

E

W

C

Q

E

C

C

C

UC

Q

r

i

r

5

.

2

)

1

(

2

2

2

2

;

;

5

.

2

1

2

1

2

2

2

2

1

1

2

1

=

-

=

-

=

D

=

Þ

=

=

=

=

e

e

m

  

Problem 56: A capacitor consists of two conductive plates of the area S = 500 cm2 1 cm apart is charged to 5 kV and disconnected from the power source. What work has to be done to increase the distance of the plates to 4 cm?

Solution: If the power source is disconnected the charge on the capacitor is conserved. The capacity of a simple capacitor is indirectly proportional to the distance of the plates. By increasing of this distance the capacitance decreases so the energy increases so work of the external agent has to be done to achieve this:
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Problem 57: Capacitors C1 = 4 μF, C2 = 8 μF, C3 = 4 μF, C4 = 3 μF and C5 = 3 μF are connected according to the diagram. This combination is charged by the power source with the voltage U = 6000 V. What is the energy, charge and voltage on each of the capacitors and the whole combination?
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Solution: 
C12=C1+C2=12 μF, C45=C4+C5=6 μF, 1/C=1/12+3/12+2/12=6/12 → C=2 μF → Q=CU=12mC=Q12=Q3=Q45 → U12=1000V, U3=3000V, U45=2000V → Q1=U12C1=4mC, Q2=U12C2=8mC, Q4=U45C4=6mC=Q5. E=QU=12mC*6kV=72J, Ei=QiUi=(4;8;36;12;12)J
Problem 58: When charging an accumulator the voltage and current values are 
U1 = 6.35 V and IC = 4 A. Later when discharging the same accumulator the values change to U2 = 5.65 V a ID = 6 A. What are the parameters of the accumulator? What is the energy balance during charging and discharging?

Solution: Although an accumulator has many important parameters describing its capacity, self-discharging etc. Here we assume just a simple model of electromotoric voltage UE in series with the internal resistance RI. The voltage on the internal resistance corresponds to the direction of the current so the voltage on the terminals must be higher during charging then it is in the case of discharging. However there is an energy loss on the internal resistance in both cases. 
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During charging part of the power U1*IC=25.4 W of the power source RI*I2C=1.12 W is dissipated and the rest conserved in the accumulator. During discharging, from the power of the accumulator UE*ID=36.42 W another part of the previously conserved energy 
RI*I2D=2.52 W is dissipated. The effective storage of energy is a big issue!
Problem 59: If a proton flies horizontally to the North there is no force acting on it. If it flies vertically up with a speed of 5.106 m/s a force of the F=8.10-14 N directed to the West acts to it. What is the magnitude and direction of the vector of the magnetic induction 
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Solution: We use Lorentz formula
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 is horizontally to the North and the magnitude is B=F/qv=0.1T
Problem 60: Two kind of ions fly through the velocity filter that has magnetic induction B1 and perpendicular electric intensity E to a main chamber of a mass spectrometer with the magnetic induction of B2. Particles of the inner standard 12C: mC = 12.0 mu move on a circle with the radius of rC = 22.4 cm and unknown ions on a circle with rX = 26.2 cm. How do these machines work? What are probably the unknown particles?

Solution: From the equilibrium in the velocity filter: qE=FE=FM=qvB1 v=E/B1. In the mass spectrometer mv2/r=qvB2  m=qB2r/v=qB1B2r/E  mX/mC=rX/rC  mX=14.036 mu. The unknown particles have the mass number 14, so it could be 14N or 14C or 14O. To decide which of them would desire finer resolution and/or chemical separation/analysis
Problem 61: What will be the total voltage U on a conductive rod with the length of L = 1.5m that moves perpendicularly to B of the homogeneous magnetic field with the induction B = 0.2 T?
Solution: A magnetic force acts on the charges within the rod pushing them to one end. This causes a build-up of electric field and the electric force acts in the opposite direction. This leads to the equilibrium: qvB=qE=qU/L 
[image: image36.wmf]Þ

 U=BvL=0.6 V

Problem 62: What will be the speed of a conductive rod of the length of L = 1.5 m in homogenous magnetic field with the induction of B = 0.2 T if a voltage of U = 0.6 V is connected to its ends?
Solution: A force depending on the current flowing through the rod acts on it: F=BLI. At the same time voltage on the speed of the rod is induced on its ends. The orientation is directed in the opposite sense then is the voltage of the power source UE(v)=BvL. The total current and thereby the force depend on the speed of the rod: I(v)=[U-UE(v)]/R, F(v)=BLI(v). If there is no mechanical resistance on the rod it motion will reach equilibrium speed so that both the total current and total force are zero: v=U/BL=0.6/(1.5.0.2)=2m/s. Compare this with the previous problem!
Problem 63: What will be the total voltage U on a rotating conductive rod with the length of L = 1.5 m that rotates around its end with the period of T = 0.5 s in a homogeneous magnetic field with the induction B = 0.2 T?
Solution: Each piece of the rod dr moves with different speed depending on its radius of rotation r so we have to integrate over all such pieces: 
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Rotating generator is easier to accomplish since the homogeneous field can be relatively small.
Problem 64: Two beams of monochromatic light with the wavelength of λ = 550 nm fly in parallel and are in-phase. What will be their phase difference if one of them passes a slab with the refraction index of n = 1.6 and the thickness if d = 2.6 μm? What would change if the slab was of diamond? 
Solution: Δφ=2πd(n-1)/λ=17.821rad;Δφ0=mod(Δφ,2π)=5.255;nC=2.419;ΔφC=42.177rad
Problem 65: To what depth of water with the density of ρ0 = 1.05 gcm-3 and temperature 
t = 20 °C it is necessary to submerge a elastic balloon filled with Krypton M = 85 g/mol so it will not come out?

Solution: The density of the Krypton compressed in the balloon depends on the surrounding pressure so we have to find at what depth it reaches the density of surrounding water: ρ(p(h))=ρ0: EOS: pV=nRT=mRT/M  ρ(p)=p.M/RT= ρ0ghM/RT  h= (ρ/ρ0).RT/gM.so specially for us h1= RT/gM =2.86 km
Problem 66: A virus has a mass of 10-17g. In what height will its appearance be significant at Room Temperature of T = 300 K?
Solution: A probability P~exp(-Epot/kT); The concentration of the virus is significant if the probability >1/e so the exponent <1: mgh<kT → h<kT/mg=41mm
Problem 67: A wagon with the mass of m1=10 t moving with the velocity of v1 = 0.9 m/s collides with a wagon with the mass of m2 = 30 t at rest and the wagons connect at the moment of their collision. 
a) What will be their common velocity u?
b) What would have to be the original velocity v2b of the second wagon so that after the collision both wagons are at rest?

Solution: If the wagons (bodies) move together after the collision it is the case of inelastic collision. 
a) PA=p1=m1v1; PP=(m1+m2)u1; PA=PB u1=m1v1/(m1+m2)=0.225 m/s
b) We want PP=0  0=PA=m1v1+m2v2b v2b=-m1v1/m2=-0.3 m/s. The wagons must move in opposite directions.
Problem 68: An iron beam with the length of L = 20 m and the mass of m1 = 1500 kg is supported at its ends by concrete pillars of the height h = 5 m. In ¼ of its length it supports a machine of the mass m2 = 15000 kg. The maximum stress of concrete is pull is 2.106 Pa, in push 2.107 Pa and Young modulus 2.1010 Pa. The safety factor is sf=6.
a) What must be the minimum cross section of the pillars so that they are not overloaded?
b) What will be the deformation of the pillar with higher load?
Solution: The static equilibrium desires that the sum of all forces and the sum of all torques are zero (vectors). Let the supporting force on the left be F1, on the right F2 and the heavy machine closer to the right one. Apparently, there will be more load on the right pillar so we can consider just this one and the other one will be over-designed, so we can calculate the torques relatively to the left supporting point.


[image: image38.wmf]N

F

G

G

F

G

G

F

F

N

G

G

F

G

G

L

F

L

L

45000

0

120000

4

3

2

0

2

2

1

1

2

1

2

1

2

1

2

4

3

2

2

1

2

=

-

+

=

Þ

=

-

-

+

=

+

=

Þ

=

-

-



[image: image39.wmf]2

7

5

7

2

036

.

0

10

.

2

10

.

2

.

1

6

10

.

2

6

m

S

S

F

pmx

=

>

Þ

=

<

s



[image: image40.wmf]m

E

h

h

E

h

h

pmx

pmx

4

10

.

3

.

8

6

6

-

=

=

D

Þ

=

=

D

s

s

e


                  +                     E             +





    A                       +   B            +  C             +            D     



































 R1=1 (                            R3=2 (





U1=24 V  Ri1=4 (       R2=1 (      Ri2=1 (   U2=6 V 








11

_1592834611.unknown

_1593417611.unknown

_1593430453.unknown

_1593433293.unknown

_1593471072.unknown

_1631441136.unknown

_1593471198.unknown

_1593469782.unknown

_1593470953.unknown

_1593433128.unknown

_1593422522.unknown

_1593430295.unknown

_1593418300.unknown

_1593244471.unknown

_1593246088.unknown

_1593244455.unknown

_1551591762.unknown

_1583645274.unknown

_1592834159.unknown

_1585482886.unknown

_1553399349.unknown

_1520109296.unknown

_1523850195.unknown

_1524562987.unknown

_1525573700.unknown

_1525577850.unknown

_1524563272.unknown

_1524248509.unknown

_1522517343.unknown

_367480960.unknown

_367482560.unknown

_367482880.unknown

_367481280.unknown

_243499764.unknown

_268212536.unknown

_268212856.unknown

_268212216.unknown

_216213168.unknown

