Physics model answer

Preparatory year final exam of the first term 2015-2016
The first question (14 marks)
a) State methods of electric charging and how many electrons lost of charge 500 C and its nature.

a) Methods of electric charging are 1-charging by conduction   2- charging by friction 3- charging by induction 
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Electrons are lost           [image: image8.png]


 the charge is positive charge

b) Explain Coulomb’s law and coulombs’ constant in different system of units.

The answer in lecture notebook chapter 1 

c) An electric energy 30 eV (1eV=1.6×10-19 J) is lost to stop a moving electron during a time interval 3.5 µs. Calculate 

1- Electron speed     2-magnitude and direction of de-acceleration       3-distance of applied electric energy  4- electric resistance which facing electrons   5- the magnitude and direction of the applied electric field intensity relative to electron velocity.         

The lost electric energy is equal to kinetic energy of electron 
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2- de-acceleration [image: image14.png]v
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the direction of the acceleration in direction opposite to direction of the electron velocity

3- the distance is determined by using [image: image16.png]
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4- electric resistance is the opposite force
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5- electric field is calculated from the force where
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The direction of E in the same direction of motion of electron velocity
The second question (15 marks) 

a) Using principal of charge distributions to find electric field at point on the axis of charged ring and discuss the value of field at point on center of the ring and points of infinity
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Consider a differential element of length ds located at arbitrary position on the ring in fig. 7. It contain an element charge given by
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Since the element at a distance r from point P the electric field element dE at point P due this charge element is given by 
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The axial component of dE is dE cos θ and 
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The axial component of the of the electric fields due to all element of length is E, where 
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But q=2πR
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For points far enough away from the ring so z>>R we can put R=0 and E becomes 
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 as a point charge.

b) An infinite non-conducting sheet of surface charge density 2 µC/m2 lies in XY plane. If hydrogen atom is ionized at point of 30 cm on Z-axis, calculate

1- The electric field acting on the hydrogen atom 

2- The magnitudes and directions of the force acting on each of electron and hydrogen nucleus
3- The magnitude and direction of the accelerations for each of electron and hydrogen nucleus
4- Velocity of electron at points of XY plane

5- The position of the hydrogen nucleus at time of electron reach XY plane

Take electron mass me=9.1×10-31 Kg and proton mass mp=1.87×10-27 Kg
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     along +ve z-axis

4- The velocity of electron at XY plane use   
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    where   [image: image45.png]



[image: image46.png]ver = yZasE = |2 X 1.98 X 101 03m=108x10° 7





5- The time of electron to reach XY plane use 
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Use this time for proton to calculate distance of travelling where
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  apply for proton where [image: image51.png]
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c) Using Gauss’s law to derive the magnitude of electric field of charged non-conducting sphere at     1- point inside the sphere           2- for point on sphere surface         3- for  point outside the surface  
This derivation inside the lecture notebook

Question (3)  (14 marks)

(A) Define the following:                
i) Electron Volt.
Answer:

The Electron Volt is defined as : “The change in potential energy when an electron would move between two points that differ in potential by one volt.”

1 eV = 1.6 x 10-19  J

ii) Dielectric Constant. 
Answer:

The dielectric constant (K) is defined as: “the ratio between the capacitance of a capacitor when                   a dielectric is used to its capacitance without using dielectric”
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(B) What is meant by conservative force? Prove that the electric force is conservative on moving a test charge qo between two points a and b inside an electric field of intensity E?
Answer:

A conservative force is the force by which a body would move from one point to another point and the work done does not depend on the path between the two points.
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(C) A uniform charged metal sphere 12 cm in diameter has a charge density of 18 µC/m2. If the sphere is held in air whose dielectric strength 3 x106  N/C , find:         i) The potential at the centre of the sphere?

ii) The maximum value of potential that can the sphere has in air?
Answer:

D = 12x10-2 m        So,      R = 6x10-2 m

σ = 18x10-6 C/m2   So,      q = σ (π R2) = 18x10-6   x  π x(6x10-2)2   = 2x10-7 C
Em = 3 x106  N/C
i) V = Kq/R

       = 9x109 x 2x10-7 / 6x10-2  = 3x104  V
ii) Vm = Em R

          = 3 x106  x 6x10-2  = 1.8x105  V
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(D) A parallel-plate capacitor of plate area A is filled with two dielectrics as shown in the opposite figure.

Show that the capacitance is given by:
Answer:                     
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the two capacitors are in series,

1/C   =   1/C1   +      1/C2
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Question (4)  (14 marks) 

(A) Define the following:               
i) Electromotive Force.             
Answer:

emf (ε) is defined as: “the work done per unit charge to move the charge from the lower potential terminal of the battery to its higher potential terminal” 
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ii) Electrical Resistivity.
Answer:

Electrical resistivity is defined as: “the ratio of electric field across the conductor to the current density in the conductor” 
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(B) Mention the main benefits of introducing a dielectric material between the plates of a capacitor?
Answer:

(1) The two metal plates can be maintained at very small distance (d) without actual contact

(2) Since the insulating material used has a dielectric strength is larger than that of air, so the maximum potential difference of the capacitor is increased. 

(3) The capacitance of a capacitor with given dimensions is increased by inserting the dielectric sheet between its plates  

(C) A copper wire 2 m long and 6 mm in diameter has resistance of 15 Ω. If a potential difference of 30 V is applied across its ends, Find:      i) The current density in the wire?
ii) The electrical power dissipated in the wire?
Answer:

L = 2 m              D = 6x10-3 m     So,     r = 3x10-3 m

                                                                    A = π r2  = π x(3x10-3)2   = 2.8x10-5  m2
R = 15 Ω                     V = 30 V
i) I = V/R

and,      J = I/A = V/RA

 J = 30/(15 x 2.8x10-5)  =  7.1x104  A/m2 
ii) P = V2/R
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(D) In the opposite circuit, the Vd is taken to be zero.

i) Find the potential of point b?
ii) Find Va – Vc?
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The same result would be obtained if you take the path adc

if you take the path abc


i) first, 
if we take the path bcd,
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ii)
Question 5
(A) i- The equilibrium position:  Is the position at which no net force acts on the oscillating particle.
ii- Longitudinal Waves: is that in which the medium particles move to and fro about their mean position in the same direction in which the disturbance is travelling. Example: Sound Waves.
iii- The spherical wavfront: produced when the point source of light is placed in a homogeneous isotropic medium, the disturbance is propagated out in all directions from the point source and The wavefront are spheres and the rays are radial lines leaving the point source in all direction. 
-The plane wavefront: Far from the source, the spherical wavefront becomes of a very large radius i.e. have very small curvature and over a limited region they can often regarded as planes, the disturbance is propagated out in a single directions and the wavefront are planes and the rays are parallel straight lines. 
 (B) -The conditions are   1- its acceleration is always directed towards a certain fixed point.

                                           2- Its acceleration is proportional to its distance from that point.

     -The proof: 
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(C)  Given:  m=200 x10-3Kg, K=5 N/m, A=5x10-2 m , ( our case is at φ=0)

[image: image109.emf](b) 

V

a

+ 

ε

1

+  

I

r

1

=  V

c

+

IR

1

V

a

–V

c

= –

I

r

1

–

ε

1

–

I

R

1

= –8.7 V

if you take the path abc
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●Vmax = ωA =5x5x10-2 =0.25 m/s   it occurs at the equilibrium position.       (ii)

● The expression X=Acos(⍵t) is our solution for this case so X= 5x10-2cos(5t)           displacement 

                            v = -⍵Asin(⍵t) = -5x5x10-2sin(5t)= -0.25 sin(5t)                               speed

                            a = - ⍵2Acos(ωt)= -25x5x10-2cos(5t) = -1.25cos(5t)                          acceleration    (iii)
Question 6:

(A) i-
[image: image60.png]



Consider an element dx at a distance x from the axis of rotation. 
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  Let m0 the mass per unit length.

 -The mass of the element is m0 dx 

 -The mass of the rod (M) is m0 L

ii-  Given   ρ = m0 =1.2 Kg/m3 , a = 0.2 m  , t =0.5 m     first we get the mass of the solid cylinder(M)
[image: image112.emf]2


2


0


3


0


L


0


3


0


L


0


2


L


0


2


i


2


i


0


2


i


i


ML


3


1


I


L)L


(m


3


1


L


m


3


1


3


x


m


I


dx


x


m


dx


 


x


m


I


x


 


dx


m


r


m


I


0


0


=


=


=


ú


û


ù


ê


ë


é


=


=


=


=


=


ò


ò


å


å




2

2

0

3

0

L

0

3

0

L

0

2

L

0

2

i

2

i

0

2

ii

ML

3

1

I

L)L (m

3

1

L m

3

1

3

x

m I

dx x m dx   x m I

x  dx m r m I

0 0



 















 

 

 

 


Where h = a                    
(B)

[image: image61.png]eConsider a small element of the pulse of length As forms an approximate arc of a
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(C)

[image: image64.png]e let us apply the law of superposition to two sinusoidal waves traveling in the same
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Question 7 (13 Mark)
(A) Define:     i-Viscosity      ii- Stream line      iii-Ideal fluid        iv- Shear modulus 

             Viscosity  :  the friction, which the Fluid exerts against its own motion.

            Stramline : is the curve whose tangent, at each point, is in the direction of the fluid velocity that 

                                  point.

         Ideal fluid: that is one which is incompressible and which has no internal friction or Viscosity.

         Shear modulus : The ratio between shear stress and shear strain

           n = ft /A ([image: image66.png]8 EMBED Equation. 3 B2 E EMBED Equation.3 888



          
(B) Drive an expression for Bernoulli’s equation? 
[image: image67.emf]
A tube of fluid in a portion ac between two crosses sections A1& A2. The velocity at point a is v1   

the pressure is P1 and the elevation is y1.The parameters at c are v2, P2 and y2. 
· Let us apply the work energy theory:

The network = ( K.E.  + ( P.E
From the continuity eq.:  A1v1 = A2v2
At time (t  ( A1v1( t = A2v2(t    (  A1(S1 = A2(S2
OR        (V1 = (V2 = (V
At point "a": 

The force = F1 = P1A1

The work = F1 (S1 = P1A1 (S1 = P1(V
At point "c":


The force = F2 = P2A2

The work = F2(S2 = P2A2 (S2 = P2(V
The network = (P1 – P2) (V.

The change in K.E. = (K.E. = (1/2) ρ(V (v22 – v12)
The change in P.E. = (P.E. = ρ(Vg (y2 – y1)

W = (K.E. + (P.E.

((P1 – P2) (V = (1/2) ρ(V (v22 –v12) + ρ(Vg (y2 –y1)

     P1 – P2 = (1/2) ρ (v22 –v12) +  ρg (y2 – y1)
OR:  P2 = P1 – (1/2) ρ (v22 –v12)   -ρ g (y2 – y1) 

· For two points at different elevations, the pressure difference depends not only on the difference in level but also on the difference between the square of the velocities at these points.

        P1 + (1/2) ρ v12 + ρgy1 = P2 + (1/2) ρ v22 + ρ gy2 

OR:  P+  (1/2) ρ v2+  ρgy = constant.

     (C) A sniper fire rifle bullet into a gasoline tank, making a hole 50 m below the surface of the gasoline. The tank was sealed and is under 3 atm absolute pressure. The stored gasoline has density 660 kg/ m3 .At what speed v does the gasoline begin to shoot out of the hole? (The atmospheric pressure = 1atm)
Answer: Applying Bernoulli’s equation we get under the condition of A1 is greater than A2
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 Question 8 (14 Marks)
(A)When water freezes, it expands by about 9%. What pressure increase would occur inside your automobile engine block if the water in it froze? (The bulk modulus of ice is 2 x 109 N/m2.)
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(B)Find the relation between yang modulus E, Shear modulus n and Poisson’s ration σ
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Consider a unit cub acted upon by tension forces T perpendicular to its faces. 

 The elongation in the sides parallel to the force:  
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The contraction in the sides perpendicular to the direction of the force = 
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The tension occurs in every corresponding faces: 

 The contraction = 
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Every side will have a length: 
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The new volume = 
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The change in volume = 
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,       L = unity

Using the Binomial theory:
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Bulk modulus:  
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If the force on the two faces ABfE & DCGH  are directed outside. If the forces on the two 
faces ADHE & BCGf are directed inside. 
The resultant contraction in the direction HG is:

The resultant elongation in the direction HE is:
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The strain in the HG direction =
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The strain in the HE direction =
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[image: image92.wmf]Q

The strain = (1/2) the angular deformation = (1/2) φ
(C) Assume Young’s modulus for bone is 1.50 x 1010 N/m2. The bone breaks if stress greater than 

1.50 x108 N/m2 is imposed on it. (a) What is the maximum force that can be exerted on the femur bone in the leg if it has a minimum effective diameter of 2.5 cm? (b) If this much force is applied compressively, by how much does the 25 cm-long bone shorten?
a) Maximum Stress =  
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             then F = Stress x A = 1.5 x 108 x (3.14 x (2.5/2 x 10-2)2)
                                            F     = 1.5 x 108 x 4.9 x 10-4  = 73593.75 
N
b)   
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In the opposite circuit, 

(a) Calculate the current?

(b) Find V
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Solution 
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The same result would be obtained if you take the path adc

if you take the path abc
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if you take the path abc
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(b) 
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if you take the path abc
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From the given figure,

Then,
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The work done in moving qo from  a  to  b  can be calculated as:

Or in general,

With,  θ  is the angle between  E  and  dS  

Since,   F  =  qo E    
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The work done does not depend on the path between the two points. So, the electrical force is conservative force  
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Example (3) 

In the opposite circuit, 

(a) Calculate the current?

(b) Find Va – Vc?

Solution 

 



(a) 

r2 = 1 Ω

r1 = 1 Ω

In the direction of the bigger ε

(b) 
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=  Vc
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The same result would be obtained if you take the path adc

if you take the path abc
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