Mechanics 2007 C
1. (a)

Fy
A
Fy
Fo—t j/
v
Fy
b)EF, =F, +F, 6 -F,=ma, =0
F,, =mg—F,sin0
(©)XF, =F,-F, =ma,
F, cos® —uF,, =ma,
uF, =FcosO, —ma,
n(mg — F, sin0) = F, cos® —ma,
. (F; cos® —ma,)
(mg —F, sind)
(d)
1% x
A A
o) >/ 0

(e) XF, =FN +F,-F,=ma, =0
0+ F,sin@ —mg =0

F, sin® = mg
F =15
sin0

ZF; :Ex _Ff :mamax
F,cos0-0=ma_,
_ FcosH _F cosO  mg cosO

max

a

1 .
m m sinO m

S
|

=gcot0

max




Mechanics

2007 C
2nr
2.(av=—m
(a) T
v (340x10° m/s)(7.08 x 10 m/s)
orbit — E - 27'[
7o =3.83x10° m
(b)XF =F, =ma,
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G Mu mZS =my Y Note: s 1s the distance from the center of mars to the satellite, while
Fyr—s Vorvit - 1o 1s the radius of the orbit. In this situation, 7y.s= Forpir.
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From (a) above, m,, = %b”, soifr . decreases, v must decrease since m,, is a constant.

(e) According to the Law of Conservation of Angular Momentum,

Lo, =10,
2 Vy 2V, Note: 7, =r,, + Altitude and r, = r,, + Altitude.
mgry —=mgl, —
n r
nv, =nv,

. 6 +3. 5
v2=V1r_1:(3-40X103m/S)343X106m 37lx105m
"2 3.43x10° m+436x 10° m

v, =3.34x10° m/s
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No because now V* is not varying directly with x*, but is now varying with x> + x as shown

below, which is not a linear relationship.
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1. (a) Initially, there is no charge in the capacitor, therefore, no voltage across the capacitor. Thus,
utilizing Kirchoff's loop rule indicating that the sum of a voltages in a complete loop within the
circuit must be zero gives the following result.

e—IR-V.=0,whereV, = % = 0 initially.
e=IR=(2.25x10" A)(550 Q)

=12V
(b)e—IR-V,. =0 Or V, = 8(1 - ei), where T = (550 ©)(4000 x 10* F) =2.2 s,
Ve =12V-(40x10* A)(550 Q) o
Thus, V. = 1.0(1 —e > j Att=4.0s,V, = (12)(1 —e 22 J =1.0 V.
V.=10V
0 .
©Ve =2 Or 0. = Ca(l . ) where Ce = (4000 x 10° F)(1.0 V) = 4800 uC.
V——QC : _40
T 4000x 10° F | Thus, Q. = (4800)(1 —e j Att=4.0s,0, = (4800)[1 —e 22 ] = 4000 uC.
Q. = 4000 uC
(d) R
80— ——— ————————-
(&)
£p
<
S Graph of
O, = (4800)(1 —e j
0 >
Time (s)
() P=I"R=(40x10" A)'(550 Q)
P=88x10° W
)
X Greater than Less than The same

The capacitance is increased by a factor of 3 which will decrease the time constant (r = %j by a

factor of 3. Thus, the rate of decrease of current will be decreased by a factor of 3 indicating that
current will not decrease as rapidly. Therefore, the current will be greater at any given time
(including ¢ = 4.0 s) with the new capacitor than the original.
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(b)ydv = —E -dI =0 because the electric field outside the spherical shell is a constant zero.

(c) Assume V, is the potential on the outer sphere due to the charge on the outer sphere.
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3. (a)

Clockwise X Counterclockwise

Applying Lenz's law, since the magnetic flux (through the closed path created by the U-shaped

nichrome wire and the conducting bar) into the page is increasing as the conducting rod moves to
the right, the current induced by this change will create a magnetic field out of the page to oppose
the increase into the page. A counterclockwise current produces a magnetic field out of the page.

dp, BdA _Bldw

b))V = =BLv
dt At At
Vv BLv
I R
R ML+2w)
BLv
[=———
AM(L+2vr)
BLv . . .
(c)F=IIB=| —— |LB Note: Force of repulsion from parallel wire segment PQ is
ML +2vt) negligible.
. B’L’v
ML +2vt)
(d)
Fext
P B’Lv |
A
o » Time
(e)
Increases X Decreases Remains the same

Using the right hand rule, the force from the magnetic field on the current carrying wire is in the
opposite direction of the motion of the conducting bar. Therefore, the bar will decelerate. The
magnitude of this force is decreasing with time, but its direction is always to the left, opposite the
direction the moving rod.

According to the right-hand rule, orient the fingers of the right hand in the direction of the current
and rotate the wrist (keeping the fingers pointing in the direction of the current) until the fingers
can curl in the direction of the magnetic field. The direction of the thumb indicates the direction
of the magnetic force on the current carrying wire when these actions are performed.



