Physics I – Exam 3 – Spring 2005

Answer Key

Part A – 1: A,  2: A,  3: C,  4: B,

5: D (2 pts for C),  6: F (2 pts for E),  7: C,  8: ABCD. (1 pt each)

4 points each, possible partial credit for 5, 6, and 8.

B-1 20 Points

This is a 2D projectile motion problem.  We just need to calculate acceleration.

Ex = –  V /  x = 0 → Fx = 0 → ax = 0

Ey = –  V /  y = – (–50)/(0.05) = +1000 N/C

Fy = q Ey = (–1.6 x 10–19)(1000) = –1.6 x 10–16 N

ay = Fy / m = (–1.6 x 10–16)/(9.1 x 10–31) = –1.76 x 10+14 m/s2
Check to see how high it can go (vy = 0 at max height)

0 = 3.5 x 10+6 + (–1.76 x 10+14)  t →  t = 2.0 x 10–8 s at max height (parabola)

x = 0 + (1.0 x 10+6) (2.0 x 10–8) = 2.0 x 10–2 m (at maximum value of Y)

y = 0 + ½ [(3.5 x 10+6) + (0)] (2.0 x 10–8) = 3.5 x 10–2 m (maximum)

The electron never reaches the upper plate; it will fall back to the bottom plate.
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Looking For:

Correct calculation of E.

Attempting to solve projectile motion problem (or other correct approach).

Finding maximum value of Y with a correct approach (even if numerically wrong).

Knowing X motion is constant and independent of Y motion.

Correct value of Y maximum (3.5 cm) and hitting bottom plate.

Correct value of X maximum when hitting bottom plate (4.0 cm).

Part C

Must show work to receive credit.

C-1 24 points

This is a straightforward application of acceleration of a charged particle in an electric potential, followed by curving in a magnetic field.

½ m v2 = q V0 → 
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1. Proton: m = mp = 1.67 x 10–27 kg. q = e = 1.6 x 10–19 C.


v = 2.4 x 10+6 m/s.  r = 0.050 m.

2. Deuterium nucleus: m = 2 mp = 3.34 x 10–27 kg. q = e = 1.6 x 10–19 C.


v = 1.7 x 10+6 m/s.  r = 0.071 m.

3. Helium nucleus: m = 4 mp = 6.68 x 10–27 kg. q = 2 e = 3.2 x 10–19 C.


v = 1.7 x 10+6 m/s.  r = 0.071 m.

The proton is on a path of lower radius, so it is on path A.  The others are on path B.

The deuterium and helium nuclei have the same charge to mass ratio (within the accuracy of the problem) and so they follow the same path.

C-2 24 points

The electric field is the sum of the field produced by each charge.  All have the same magnitude, call it E.  A and C cancel out.  B and D are in the same direction, –135° from the +X axis.  Therefore, the magnitude of the total field is 2 E and each component is 
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The total electric potential is the sum of 4 terms; D cancels with one of A,B,C, leaving
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