EXTRA PROBLEMS
PART TWO
(for by far the best students)

1. HEAT and INTERNAL ENERGY:

On his honeymoon James Joule travelled from England to Switzerland. He attempted to verify his idea of the interconvertibility of mechanical energy and internal energy by measuring the increase in temperature of water that fell in a waterfall. If water at the top of an alpine waterfall has a temperature of 10 oC  and then falls 50m (as at Niagara Falls), what maximum temperature at the bottom of the falls could Joule expect?
(Note he did not succeed in measuring the temperature change, partly because evaporation cooled the falling water, and also because his thermometer was not sufficiently sensitive.)

2. SIMPLE HARMONIC MOTION and the DOPPLER EFFECT:
A block with a speaker bolted to it is connected to a spring having spring constant k = 20 N/m as in Figure (it can be seen in the notice board next to room 260). The total mass of the block and speaker is 5 kg, and the amplitude of this unit’s motion is 0,5 m.

a.) If the speaker emits sound waves of frequency 440 Hz, determine the highest and lowest frequency heard the person to the right of the speaker. Assume that the speed of sound is 340 m/s.
b.) Determine the temperature where you can see the person. Assume that the speed of sound is 331 m/s at 0 oC .

c.) The sound level at a distance of 3 m from the speaker is 120 dB. And what distance will the  sound level be 100 dB?

3. Electric Field

The circuit in figure consist of two identical parallel metal plates (this is a capacitor) connected by identical metal springs to a 100 V battery. With the switch open, the plates are uncharged, are separated by a distance d = 8 mm, and have a capacitance C = 2 µF. When the switch is closed, the distance between the plates decreases by a factor of 0,5 mm, (a) How much charge collects on each plate and (b) what is the spring constant for each spring?
4. Magnetic Field

The rotating loop in an AC generator is a square 10 cm on a side. It is rotated at 60 Hz in a uniform field of 0,8 T. Calculate (a) the emf induced in the loop as a function of time (b) the current induced in the loop for a loop resistance of 1 Ω as a function of time, and (c) the flux through the loop as a function of time.
(Have a nice afternoon or evening)
