Problemsfor Chapter 6.
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1*A comic character (Obelix) once threw ajavelin so fast that it swung around the earth and
returned to where it was thrown. Now it is40 000 km around the earth (this was how the metre
wasfirg defined), thisin turn tels us thet the radius of the earth is 6 400 km. How long doesiit
take for asatdllite to orbit the earth a (or just above) the surface? See page 59 of the notes for
the congant G and page 61 for the mass and radius of the earth.

2. Jugt how high above the earths surface is a satdlite that has acircular orbit of exactly 90
minutes? See page 59 of the notesfor the congtant G and page 61 for the mass and radius of
the earth.

3* A geo-dationary sadlite orbits with the same angular speed asthe earth so that the satllite
remains directly above afixed point at the earths equator. Obvioudy the period of this satdliteis
24 hr, change this to seconds and find the height of a geo-dationary satellite in kilometres

4. What is the speed of the geo- dationary satellite of question 3.?

5.* Imagine two dectronsto be 0.20 nm (2.0° 10-20 m) gpart. Compare ther gravitationd
atraction to their electrogtatic repulsion. The charge of an dectronisg, =-1.60" 10*° C and
the mass of an dectronism, =9.1" 10* kg.

6. Imaginetwo protonsare 1.0° 105 m gpart. Compare their gravitationd attraction to their
dlectrostatic repulsion. The charge of aprotonisq, = +1.6" 10*° C and their massis
1.7 107 kg



7.* Theradius of an hydrogen atom is 0.053 nm. Congder the hydrogen aiom to be alarge
stationary proton of charge ¢, = 1.60" 10 19 C, while the dectron that orbits the proton has a
chageof g,=-1.60" 10" Cand amassof m,=9.1" 10* kg. Use thisinformation to
determine (redly to estimate) the speed a which the dectron orbits the proton, the atraction is
of course dectric. What are the period and frequency of rotetion?

8. Inlarger @aomsthe radius of an orbiting eectron will increaseto, say 2.0° 10° m. While such
an aomwill have meny dectrons and protons around the nucleus we could aso suppose thet a
sangle "vadence' dectron with the increased radius orbit is atracted to the nudeus by a charge of
g, = + 3.2 108 C. Do these dectrons travel with a greater peed than the dectronsin a
hydrogen atom (as described in question 7.).

9* What isthe kinetic energy of a 1000 kg satdllite that orbits the earth a a height of

110 km? Try the same problem for the satellite at aheight of 1100 km, isthe kinetic energy
1

proportiond to R, +h ?
10. What isthe kinetic energy of a 500 kg satdlite that orbits the earth a aheight of
1

100 km? Can you use the result thet the kinetic energy is proportiond to R, +h, tofind the
kinetic energy of this satelite when it orbits the earth a& a height of 300 km?

11.* If we cdculate the eectric fidd from two charges that are placed dong, say an x-axis, we
only need to cdculate the fidd for points dong the axis, we have reduced the cdculation to a
one dimensond caculation.
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For the above situation we have  Ex = keg(x_ ;1)2 T (x- ;2)2; If g, =2.0"10"Cand
X, =2.0 10°m,and @, =-3.0 10%° Candx, = 5.0" 10" m, try and find the vaue of x
where E, =0. For this problem you will end up solving a quadratic equation and there will be
two vaues of X, ask atutor which isthe correct one.

12. Repeat problem 11. for the case where g, =+3.0" 10*° C. the correct answer will be the
other vduedf x tha you discarded before.
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13* Usethe configuration of question 11. aso shown below, to caculate the x- and
y- components of the eectric field at the point A, (4.0,3.0) mm above the x-axis.
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14. Repest question 13. for the case when both charges are positive.
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