Quantum/Nuclear Physics

WORKSHEET #1

Name:

1. Determine the number of protons, electrons, and neutrons each of these isotopes possesses: K-40,
0-20, and U-234.

protons electrons neutrons
K-40 19 19 21
0-20 8 8 12
U-234 92 92 142

2. Complete the following nuclear reactions:
0 wKr > PRb +%e+ v
b. lg.-"".-ﬂ::f — 1?53C2+ ?He

c. Bc >+ e

3. Construct the image on the drawing below via ray tracing.

4. Convert a mass defect of 0.115 g to Joules

a. E=mc®=0.115x10 * kg - (3.00x10% m/s)* = 1.035x10" J = |1.04x10" J

b. 1.04x10° T - (1 eV/1.6x10"° J) - (1 MeV/1,000,000 eV) = 6.46875x10%° MeV = [6.47x10% MeV

5. A lithium-6 nucleus has a mass of 6.015 121 u. The mass of a single proton is 1.007 276 u, and the
mass of a single neutron is 1.008665 u. (a) What is the mass defect for lithium and (b) what is the
binding energy for lithium?

a. Am=3m, +3m, - m; = 3-1.007276 u + 3:1.008665 u - 6.015121 u = |0.032702 u|
b. E =mc®=0.032702 u - (1.66x10 ?” kg/1 u) - (3.00x10% m/s)* = |4.89x10'12 J




6. The sun radiates energy at the rate of 3.92 x 10%® W. (a) What is the change in the sun's mass in one
second? (b) How much mass does the sun lose in the lifetime of your average earthling (say, 75
years)?

a. m=E/c?=(P-t)/c? = (3.92x10* W - 1 5)/(3.00x10° m/s)’ = |4.36x109 kg
b. 4.36x10° kg/s - (3600 s/1 h) - (24 h/1d) - (365.25d/1y)- 75y = |1.03x10" kg|

7. A 2.50 kg object moves along a straight line. The net force that acts on the object varies with its
displacement as shown on the graph. The object starts from rest at x =0and atime of t=0. ltis
displaced a total distance of 20.0 m. Find: (a) The acceleration of the object at x = 5.00 m. (b) The
time taken for the object to travel the first ten meters. (c) The amount of work done by the force in
displacing the object the 20.0 m. (d) The speed of the object at x =10.0 m. (e) The speed of the
object at x =20.0 m. (f) the change in momentum as the object moves from 710.0 m to 20.0 m.
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a. a=F/m=500N/250 kg =

b. x = x, + vt + 3 af’
1I0m=0m+0m/s-t+%(200m/s?) -+
t= (105 =
c. Areaunder theline: 5N-10m+25N-10m= |75.0J
d. vV=v?+ 2ad

v = (2ad)? = (2 - 2.00 m/s® - 10 m)? = [6.32 m/s

(can also be found by setting W=KE and solving for v. See 7e)
e. All of the work is turned into KE, so AKE = W

W=1imv? so v=(QW/m)*=(2-75J/ 25 kg) = |7.75 m/s|
f. Ap=mAv=25kg (775 m/s - 6.32 m/s) = 3.575 kgm/s = |3.58 kg-m/sl




