
  

Exam 2023 



  

Ex=−( ∂V
∂ x )=−(3+7 y) E y=−(∂V

∂ y )=−(15 y2
+7 x) E z=0

Correct statements:

1. The z component of the electric field is zero. 

2. E y=−(15 y2+7 x)



  

|FQ; q|=
qQ

r2 |F2Q; q|=
2qQ

(2 r )2 =
qQ

2 r2
|FQ; q|>|F2Q;q|

The repulsive force of the charge Q is greater than 

the charge +2Q. The charge q will move to the right.  

|Fq , 2Q|=|F2Q ,q|≠0



  

Correct statements:

The spheres in the scenarios b and c re in contact at rest, while the spheres are separated at rest 
in the scenario a. 

3. Conductors and insulators (Chapter 21)



  

ϕ1=2ϕ2 The exercise can be solved with Gauss or calculating the flux .

ϕ1=∮C1

E (S)dA=E (S)∫ dA=E (S)2πSL ϕ2=∮C 2

E(2S)dA=E (2 S)∫ dA=E (2S )2 πSL

E(2S)= λ
2πϵ02 S

E(S)= λ
2πϵ0 S

ϕ1=2ϕ2

4. Electric flux (Chapter 22)



  

5. Electric field calculation (Chapter 21)
A semicircle of radius a lies in the first and second quadrants with the center 
of curvature at the origin. Positive charge, +Q, is uniformly distributed on the 
left half of the semicircle, while a negative charge, -Q, is distributed on the 
right half of the semicircle. 

(a)What is the direction of the total electric field vector produced by this 
charge distribution at the origin of the coordinate axes?

The electric field direction is +x. This can be observed the sign of the 
distributions and the relative direction of the Electric field. 

(b)What is the magnitude of the total electric field produced by this charge 
distribution at the origin of the coordinate axes?

E=
Q

π
2
ϵ0 a

2



  

dE=
1

4 πϵ0

|dQ|

a2

(b) Let’s start considering that the right half semicircle is negatively charged, than the electric field vector will be 
pointing to the half semicircle.    

dE=
1

4 πϵ0

⋅
2Q dθ

a2
π

=
Qd θ

2π
2
ϵ0a

2

λ=
Q
L

=
2Q
π a

=
dQ
dl

dQ=
2Q
πa

dl=
2Q
π a

ad θ

d⃗E=dE x î+dE y ĵ dE x=dE cosθ dE y=dE sinθ

From construction

E x=∫
0

π/ 2

dE cosθ=
Q

2 π
2
ϵ0a

2 ∫
0

π /2

cos θd θ=
Q

2π
2
ϵ0a

2 [sinθ]0
π/ 2

=
Q

2π
2
ϵ0 a

2

E y=∫
0

π /2

dE sinθ=
Q

2π
2
ϵ0 a

2 ∫
0

π/2

sinθd θ=
Q

2π
2
ϵ0 a

2 [−cos θ]0
π/2

=
Q

2π
2
ϵ0 a

2

E⃗=
Q

2π
2
ϵ0 a

2 î+
Q

2π
2
ϵ0a

2 ĵ



  

dE=
1

4 πϵ0

|dQ|

a2

Let’s consider the left half semicircle that is positively charged, meaning the total electric field vector will be pointing away from the half 

semicircle.    

dE=
1

4 πϵ0

⋅
2Q dθ

a2
π

=
Qd θ

2π
2
ϵ0a

2

λ=
Q
L

=
2Q
π a

=
dQ
dl

dQ=
2Q
πa

dl=
2Q
π a

ad θ

d⃗E=dE x î+dE y ĵ dE x=dE cos (
π
2
−θ)=dE sinθ

From construction now

E x=∫
π/ 2

π

dE sinθ=
Q

2π
2
ϵ0 a

2 ∫
π/2

π

sinθd θ=
Q

2π
2
ϵ0 a

2 [−cosθ]π/2
π

=
Q

2π
2
ϵ0 a

2

E y=∫
π /2

π

dE cosθ=
Q

2π
2
ϵ0a

2 ∫
π/2

π

cos θd θ=
Q

2π
2
ϵ0a

2 [sinθ]π/2
π

=
−Q

2π
2
ϵ0a

2

E⃗=
Q

2π
2
ϵ0 a

2 î−
Q

2 π
2
ϵ0 a

2 ĵ

dE y=dE sin (
π
2
−θ)=dE cosθ

E⃗Total=
Q

π
2
ϵ0a

2 î

The total electric field of the whole semicircle is:

E=
Q

π
2
ϵ0a

2While the module is: 



  

6. Gauss’s Law (Chapter 22)



  

P is inside the insulating sphere. Considering Gauss’s law: ∮ E⃗ d⃗A=Qinc /ϵ0

∮ E⃗ d⃗A=E A=E(4 π (0.560 R)
2
)=

Qincl
ϵ0

ρ=
Q

4
3

π R3
=

Qincl

4
3

π (0.560 R)
3

Qincl=ρ⋅
4
3

π (0.560 R)
3

E=
Q incl

ϵ0 4 π(0.560 R)
2=

(ρ
4
3

π(0.560 R)
3
)

ϵ0 4 π (0.560 R)
2 =1080 N /C=1.08kN /C

What is the magnitude of the electric field at the point P, which is at a distance d= 3.90 R from the center of the 
Sphere? 
P is outside the insulating sphere and inside the conducting shell. The E inside a conductor is zero. 

∮ E⃗ d⃗A=E A=E(4 π (3.40 R)
2
)=

Q incl
ϵ0

Qincl=ρ
4
3

π R3
=24.8nC

E=
Q incl

ϵ0 4 π(0.340 R)
2=

ρ
4
3

π R3

ϵ0 4 π (0.340 R)
2 =167 N /C

What is the magnitude of the electric field at the point P, which is at a distance d= 3.40 R from the center of the 
sphere? 
P is between the insulating sphere and the conducting shell. Considering Gauss’s law:



  

Considering Gauss’s law:

∮ E⃗ d⃗A=E A=E(4 π (4.40 R)
2
)=

Qincl
ϵ0

E=
Q incl

ϵ0 4 π(4.30 R)
2 =54.5 N /C

What is the magnitude of the electric field at the point P, which is at a distance d= 4.30 R from the center of the 
sphere? 
P is outside the conducting shell. We need to sum the charges from the conducting shell and the insulating core.  

Qincl=ρ
4
3

π R3
−11.9 nC=24.8 nC−11.9nC=12.9nC



  

Correct answer: The Electric field between the plates. 

The electric field of a parallel capacitor with plates infinitely large does not depend on the distance 
between the plates! 

7. Capacitor (Chapter 24)



  

16V −1.6Ω I−5.0Ω I−1.4 Ω I−8.0V −9.0Ω I=0

I=
8.0V

1.6Ω+5.0Ω+1.4Ω+9.0Ω
=0.47 A The direction is counterclockwise

V ab=16V −1.6Ω∗0.47 A=15.2V

V ac=−9.0Ω×0.47 A+16V −1.6Ω×0.47 A=11.0 V

What is the current magnitude and 
direction of the circuit above?

We need to apply the Kirchhoff’s loop rule. 

What is the potential V
ab

 and V
ac

? 
We need to apply the Bookkeping loop rule. 

8. Kirchhoffs’ rules (Chapter 26)



  

−16V −1.6Ω I−5.0Ω I−1.4Ω I−8.0V −9.0Ω I=0

I=
−24.0V

1.6Ω+5.0Ω+1.4Ω+9.0Ω
=−1.41 A

V ab=−16V +1.6Ω∗1.41 A=−13.7V

Kirchhoff’s loop rule, assume counterclockwise direction. 

Bookkeping loop rule with I in clockwise direction. 

The current is clockwise! I = 1.41 A. 

Remove the 16 V battery and reinsert it with opposite polarity. In other words, place the negative 
terminal of the battery closer to the point a. 

What is now the current magnitude and potential V
ab

? 



  

C eq=35μF Req=80Ω C=
Q
V C=

Q0

V 0

Q
Q0

=
V
V 0

ln (
Q
Q0

)=ln(
V
V 0

)=−1.50

9. RC circuit (Chapter 26)

How long after closing the switch S will the potential across each capacitor V 
be reduced to 10.0 V? 
Hint: Consider that the potential (V) is proportional to the charge (Q) and follows 
the same equation as Q. 

In the following circuit, both capacitors are initially charged at 45.0 V.

Q=Q0 e
−t /RC

ln (
Q
Q0

)=−t /RC t=−R eqC eq⋅ln (
Q
Q0

)=4211μ s=4.21ms

What is the current after when the potential is reduced to 10 V? 

I 0=
V 0

R eq

=
45V
80Ω

ln (
I
I 0

)=
−t

R eqC eq

=−1.50 I=I 0 e
(−1.50)

=0.126 A



  
Emitted electrons will be deflected and follow the path 2.

10. Electrons in a magnetic field (Chapter 27)



  

Correct statements:

Inside the material of a bar magnet, the magnetic field due to the bar magnet
points from the magnet’s south pole toward its north pole.

If a current loop simultaneously has its current doubled and its area cut in
half, then the magnitude of its magnetic moment remains the same.

11. Magnetic field (Chapter 28)



  

μ=I A=1.5 A×Area=0.38m2

Area=Areabig−Area small=
π
2

[(0.50 m)2−(0.30m)2]=0.25 m2  According to the right hand rule, the direction of the magnetic field is into the page.

12. Magnetic moment (Chapter 27)



  

∮ B⃗ d⃗l=μ0 I

∮C1

B⃗ d⃗l=μ0 I=−8.0 Aμ0 ; B⃗ and d⃗l are antiparallel .

∮C3

B⃗ d⃗l=μ0 I=8.0 Aμ0

∮C2

B⃗ d⃗l=μ0 I=m0(8.0 A−8.0 A)=0 ; The total current is zero.

|∮C3

B⃗ d⃗l|=|∮C1

B⃗ d⃗l|>|∮C2

B⃗ d⃗l|

The correct answer is:



  

14. Biot and Savart (Chapter 28)
Consider the following wires, each with a different shape but crossed by the same current I. Let +x be the axes 
out of the page. Calculate the magnetic field using the Biot and Savart law and rank the wires in (a), (b) and (c) 
m from the highest to the lowest magnetic field that they generate.

(a) The straight segments of the wire do not contribute because the vector segment dl is parallel to vector 
distance r. The magnetic field of a circular loop in the center of the loop is: 

B=
μ0 I

2R

This is a semicirle, and positive x axis is out of the page. Then: B⃗a=−
μ0 I

4 R
î Ba=

μ0 I

4 R



  

(b) The straight segments of the wire do not contribute. 

B⃗R=−
μ0 I

4 R
î B⃗R /2=+

μ0 I

4 (R/2)
î B⃗b=B⃗R+ B⃗R /2=

μ0 I

4 R
(2−1) î=

μ0 I

4 R
îB⃗Tot=B⃗R+ B⃗R /2

(c) The straight segments of the wire do not contribute. 

B⃗Tot=B⃗R+ B⃗R /2
B⃗R=−

μ0 I

4 R
î B⃗R /2=−

μ0 I

4 (R/2)
î It is negative because the current is clockwise B⃗c=B⃗R+ B⃗R /2=

μ0 I

4 R
(−2−1) î=−3

μ0 I

4 R
î

Considering that only the magnitudes should be considered, the correct answer is: Bc>Bb=Ba

Bb=
μ0 I

4 R

Bc=3
μ0 I

4 R



  

15. Lenz’s Law (Chapter 29)
A metal ring is placed near a solenoid as shown in the figure below:

What happens as soon as the switch of the circuit containing the solenoid is closed?

A magnetic field is created from the right to the left. An electromotive force (emf) 
in the ring is induced, counteracting the change in the magnetic flux and generating 
a magnetic field from left to right.

The magnetic field is constant. The induced emf is zero because 
there is not change in the magnetic flux.

What happens after the switch has been closed for several minutes?

The magnetic field from the left to the right suddenly becomes zero. 
An emf is induced in the ring, counteracting the change in the magnetic flux and 
generating a magnetic field from right to left.

What happens at the instant the switch is opened again after the current has 
circulated in the solenoid for several minutes?



  

16. Displacement current (Chapter 29)
The parallel-plate capacitor in the figure below is being charged. The circular plates have a radius of 4.00 cm, and 
at a particular instant, the conduction current in the wires is 0.520 A.

What is the displacement current density in the air-space between the plates?

According to the generalization of the Ampere’s law by Maxwell, the conduction current is equal to the displacement 
current.

J D=
iD
π r2 =0.520

A
π(4.00cm)

2 =103 A /m2



  

Consider the induced magnetic field between the plates. 
Rank the magnetic fields at various points located at a distance r from the axis of 
the capacitor plates, starting with the highest value and descending to the lowest 
value.

Consider the following points for evaluation.
P

1
, r

1
 =2.00 cm; P

2
, r

2
= 1.00cm; P

3
, r

3
 =3.00 cm; P

4
, r

4
 =4.00cm and P

5
, r

5
 = 5.00 cm.

The points P
1
, r

1
 =2.00 cm; P

2
, r

2
= 1.00cm; P

3
, r

3
 =3.00 cm and P

4
, r

4
 =4.00cm are included in the area beetween the 

plates. We can use the formula to see that the B increase linearly with r:  

P
5 
at r

5
 = 5.00 cm is outside the region, and it feels a B generated by a long straight conductor carrying a current i 

distant r
5
 = 5.00 cm from the conductor.  

 

B=
μ0

2π

r

R2 I=Constant×
r

R2

B1=Constant×
2.00cm

16.00 cm2

B5=
μ0

2π

I
r
=Const×

1
5.00cm

=const×0.2 B4>B5>B3>B1>B2

B4>B3>B1>B2

B2=Constant×
1.00cm

16.00cm2 B3=Constant×
3.00 cm

16.00cm2 B4=Constant×
4.00cm

16.00cm2



  

17. Microwaves (Chapter 32)

Microwave ovens are commonly used in kitchens to cook food. These microwaves ovens typically operates 
at a frequency of 1010 Hz.

What is the wavelength of these microwaves?

λ=
c
ν=

3⋅10⁸ m /s

1010 =3⋅10−2 m /s=3 cm



  


	Slide 1
	Slide 2
	Slide 3
	Slide 7
	Slide 9
	Slide 11
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 21
	Slide 24
	Slide 25
	Slide 28
	Slide 30
	Slide 31
	Slide 33
	Slide 35
	Slide 37
	Slide 38
	Slide 42
	Slide 44
	Slide 45
	Slide 47
	Slide 48

