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Question 1 (8 points) 

Old-generation incandescent lamps sometimes burned down right after being switched on but 

not during their operation. This is curious considering the fact that 

the switching-on moment is short as compared to long operation 

time. Let’s figure out why it is so.  

Consider an incandescent lamp with the power of 𝑃 = 230 W 

connected to a standard power net with 𝑉 = 230 V voltage (potential 

difference). The filament of the lamp is made of tungsten, the 

resistance 𝑅(𝑇) of which as a function of temperature 𝑇 can be 

approximated as  

𝑅(𝑇) = 𝑅0 ∙ (0.006𝑇 − 0.77),  

where 𝑇 is expressed in Kelvin, and 𝑅0 is the filament resistance at 

𝑇 = 300 K (i.e. at room temperature). The filament temperature when the lamp operates, is 

~3000 K so that the filament radiates visible light (and, by the way, a lot of infrared light 

which makes these lamps very inefficient). 

1. Find the filament resistance 𝑅 when the lamp operates. (2 points) 

2. Find the filament resistance 𝑅0 when the lamp is off for a long time (i.e. at room 

temperature). (2 points) 

3. Now find the power 𝑃 dissipated by the filament at the first moment when the lamp is just 

switched on (i.e. the voltage has been applied but the filament is still at room temperature). 

(2 points) 

4. Now explain why the filament burns down while switched on. (2 points) 
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Question 2 (10 points) 

A square loop of side 𝑎 and resistance 𝑅 moves with speed �⃗�  into a region in which a 

magnetic field of magnitude �⃗⃗�  exists perpendicular to the plane of the loop and direction into 

the screen/paper, as shown in the figure.  

 

Find emf and the current direction when the loop: 

1. is entering the region with magnetic field (3 points) 

2. is moving through the region with magnetic field (2 points) 

3. is exiting the region with magnetic field (1 point) 

4. Sketch a plot of the current induced in the loop as it enters, moves through, and exits the 

region of the magnetic field. For the coordinate of the loop, take the position of its right 

vertical segment; for the current, consider the clockwise direction positive. Don’t forget to 

mark characteristic lengths along x-axis and values of the emf along the y-axis. (4 points) 
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Question 3. (15 points) 

A modern induction stove consists of a coil fed with a rapidly oscillating current right below 

a glass plate on which a pan of metal is placed just 

above the coil (but with no contact to it – that’s 

why you need an isolation glass plate).  

1. Explain qualitatively how such a stove heats up 

your food. (2 points) 

2. Which material for the pan bottom is better 

from the viewpoint of heat production: copper or 

aluminum? Both materials are non-magnetic.  

(Hint: consult Table 7.1 in Griffiths) (2 points) 

 

The figure to the right shows a simplified 

schematic of an induction stove where we 

consider the stove and the pan as single circular 

loops of wire of radii of 𝑎 and 𝑏 respectively. In 

our model, the pan is much larger than the stove 

(𝑎 ≫ 𝑏) and right on top so that you may 

neglect any vertical distance between the two 

(in other words, the two loops lay in the same 

plane). The pan has internal resistance 𝑅. 

 

3. Show that the current 𝐼𝑃(𝑡) that flows through the pan if the stove is fed by a time-

dependent (alternative) current 𝐼𝑆(𝑡) = 𝐼0 cos(2𝜋𝜈𝑡), where 𝜈 is the oscillation frequency of 

the current, is given as 

𝐼𝑃(𝑡) =
𝜇0𝜋

2𝑏2𝜈𝐼0
𝑅𝑎

sin(2𝜋𝜈𝑡) 

Hint: (i). use the symmetry property of mutual induction; and (ii). approximate the field to its 

value at the center (6 points) 

4. How long would it take for the stove to dissipate an energy 𝑄 into the pan? (4 points) 

Hint: you may use the approximation that if the oscillations are fast enough, cos2(2𝜋𝜈𝑡) →
1 2⁄  and sin2(2𝜋𝜈𝑡) → 1 2⁄  over an integral in time.  

5. Explain why the induction stoves use alternative currents of high frequency 𝜈 = 24 kHz to 

feed the induction coil rather than alternative current directly from the power net at frequency 

of 50 Hz. (1 point) 
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Question 4. (10 points) 

To directly measure the displacement current, researchers use a time-varying voltage 𝑉(𝑡) 

with angular frequency 𝜔 to charge and discharge a circular parallel-plate capacitor with the 

plate spacing 𝑑. The magnetic field inside such a capacitor is given as 

�⃗⃗� (𝑠) =
𝜇0𝜖0𝑠 𝜔𝑉0 cos𝜔𝑡

2𝑑
 �̂� 

where 𝑠 is the distance from the center of the capacitor. 

1. Show that the displacement current density 𝐉 𝑑 =
𝜖0𝜔𝑉0 cos𝜔𝑡

𝑑
�̂� (6 points) 

2. Find the electric field �⃗�  (3 points) 

3. Why is a time-varying voltage used but not a constant voltage? (1 point) 

 


