Supplementary Problems for Physics 241

Test 5

1. A conducting bar bent into the shape of a circular arc of radius 12.0 cm is sitting in a uniform magnetic field of 3.10 T, directed into the plane of the arc as shown in Figure 1. Two straight conducting wires are connected together at the center of the arc; one of the conducting wires can rotate about the connection. The two conducting wires and the conducting bar all make electrical contact.
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a. If the top wire rotates counterclockwise, in what direction is current induced in the conducting path?

b. Find a formula for the magnetic flux through the conducting path (through the "pie slice") in terms of the angle ( between the conducting wires.

c. The resistance of the conducting path is 0.320 ( (assume that this is constant). If the upper wire rotates with angular speed 0.500 rad/s, find the magnitude of the induced current.

2. A tightly wound solenoid of radius 3.5 cm and length 14 cm has 140 turns of wire. The solenoid is connected in series with a resistor of resistance 2.0 m( in a circuit loop. The initial current in this circuit is 2.0 A.

a. Find the inductance L of the solenoid, assuming that the magnetic field inside the solenoid (due to current in the solenoid) is uniform.

b. Write Kirchhoff's loop rule for the circuit loop and derive an expression for the current i in the circuit as a function of time. What is the time constant of this circuit?

3. [image: image9.png]


At t = 0 in the circuit shown in Figure 2 the capacitor has charge 60.0 (C and is being charged by a current of 15.0 mA. C = 12.0 (F and L = 4.00 H. The resistance of the circuit is negligible.

a. What is the total energy (UE + UL) of this circuit?

b. What is the maximum charge Q on the capacitor?

c. The charge on the capacitor as a function of time is given by 
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. Calculate ( and (.

d. Find the current in the inductor as a function of time. What is the maximum current in the inductor?

4. A transformer is to be designed so that it steps up 300 vac to 500 vac.

a. If the primary winding has 15 turns, how many turns should the secondary winding have?

b. If the transformer delivers power to a resistance of 250 ohms, find the currents in the secondary and primary circuits.

c. Show that the impedance of the primary circuit matches the impedance of its load.

5. In an RLC series circuit 
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a. Find Erms.

b.
Find the impedance Z of this circuit and the steady-state current amplitude I in the circuit.

c.   Find the phase ( of the steady-state current and the power factor for this circuit. Is the load of this circuit resistive, inductive or capacitive?

d. Find the average rate at which power is dissipated in the resistor.

e. What is the resonant frequency f of this circuit?

f. If (d = 700 rad/s, would the load on the circuit be the same as in part c? Explain.

6. Consider the RC circuit shown in Figure 3 at the right. For this circuit, (d = 125 rad/s, V = 8.00 kV, C = 2.00 (F and R = 3.00 k(. 
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a. Find the impedance Z of this circuit. 

b. Find the current amplitude I and the phase ( for the current in this circuit. Does the current lead or lag the voltage?

c. Draw a phasor diagram for this circuit. Show the total voltage phasor (V), the current phasor (I), the phasor for the voltage across the resistor (VR), and the phasor for the voltage across the capacitor (VC). Identify the angles (dt and ( and draw dashed lines showing how the phasors VR and VC add to the total voltage phasor V.

Answers to Supplementary Problems for Physics 241

Test 5

1. a. Counterclockwise. (Why?)

b. 
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2. a.
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b. 
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3. a. 6.00x 10 –4 J

b. 120 (C

c.  ( = 144 rad/s,  ( = - (/3 rad

d.  i = - 17.3sin(144t - (/3) (i in amps, t in seconds);  I = 17.3 mA

4. a. 25 turns

b. IP = 3.33 A, Is = 2.00 A

c. The impedance of the primary circuit and the impedance of the load on the primary circuit is 90.1 (.

(Why isn’t the impedance of the load 250 (?)

5. a. 141 volts 

b. 10.7 (, 18.7 A

c. 0.359 rad,  0.936. Is the load of the circuit resistive, inductive or capacitive?

d. 1.75 kW

e.  126 Hz

f.  You answer.



6. a. Z = 5000 ohms

b. I =  1.60 A;  ( = - 0.927 rad. The current leads the voltage.

c. You do.
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