Mechanics

Av (—0.18m /s —022m / s)

l.(a)a=—-=

At (037s — 033s)
a= Av_ -10 m/s?
At

(b) The change in momentum of the cart equals the area under the graph.
Ap = area = 2('4bh;) + lw + 2(*2bshy)
Ap = 2["(0.01 s)(30 N)] + (0.02 s)(10 m/s) + 2[2(0.01 s)(10 N)]

2

Ap=0.6 Nes =0.60 kg ™"
N

A
(¢) Fret = Xi =ma

060N e s

=m(10 m/s%)
0.04s

m=1.5kg

KE o =0.0121]

(d) KE o = Yamv,* - Yamv,” = %(1.5 kg)(0.22 m/s)* -%5(1.5 kg)(0.18 m/s)?
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2.(a)i. SF=F,=F,
MJmo VZ

G e =m, z (m, cancels)
Vi GM,
R
v GM ,
R
d 27R
Hv=—="+
t T
GM .
=——  (square both sides
o 2’;R ( both sides)
M 2p2
GR L= 4nT f (cross multiply and solve for T?)
T2 _ 47[2R3
GM ,
T= 4n’R’
GM ,
2p3
(b)3.55x 10*s = 4m RZ (square both sides)
1 N em 27
667x10 (190x10* kg)
kg’
2p3
126 x 10° s> = 4r Ii (solve for R)
667x10" Y oM (190x107 kg)
kg*

R=1.59x10*m

(c) 1. The resulting path will be an ellipse with an ii. The resulting path will be an ellipse with an
average radius larger than the orbit shown as The resulting path will be an ellipse with as
the dotted line. the dotted line.
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3.(a)[ = Zmr? = mL*+ mL’

[=2mL?

(b) The linear (tangential) acceleration for a point on the edge of the central pole is equal to the
acceleration of the large block.

F
>F =mar !
4m§ - Fr = 4may 4;n Call down poitive,
Fr=4mg - 4mar ; and up negative.
Fr=4m(g - ar) l
2T =1la F,

rFrsinf = e (multiply both sides by r, 6 is 90° and the sin 90° is one, F = Mg = 4mg)
r

r*4m(ar - g) = 2mL%a;  (divide both sides by 2m)
r22(g -ar)= Lar

2r2g -2rfar = L’ar

2r2g =L2aT + 2r2aT

2r'g

aT:—
I’ + 2r?

(¢) X Equal to 4mgD
AGPE = AKEy, (the initial KE is zero and AGPE is 4mgD)

4mgD = KEgn,

(d) X Less
The blocks on the end of the string will have some gravitational potential energy. Therefore, in
this situation the change in gravitational potential energy is not all converted to kinetic energy of
the blocks; some is converted to the gravitational potential energy of the two blocks on the strings.
Thus, the intantaneous total kinetic energy of the the three blocks will be less than that in part (c.)
when the large block falls the same distance.
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E&M
1. (a) ZE = Erc + Epc + Esy + Epy Erc-Electric field from top of cloud (3 km),
SE=Fk Q2TC +k Qgc +k QfU +k Q;’U Egc-Electric field from bottom of cloud (2 km),
Trc Tgc Tsy Tpy Egy-Electric field from shallow underground (2 km),
SE - k( Q2TC . Qf c . QiU . QzDU j Epu-Electric field from deep underground (3 km).
Fre Tsc Tsu Tpu
YE = (9 x10° Nem*/C?) — 30C -+ 30C -+ 30C - - 30C 5 (up is positive)
(3000m) (2000m) (2000m) (3000m)
>E =75,000 N
C
(b) 1.
P,

ii. X Less because point P, is farther from the point sources of charge than P;. The sum of the
x-components of the electric fields will be zero for point P, (as well as P;). The sum of the y-components
of the electric fields will be smaller for point P, than P; because point P, is farther from the point sources

of charge than P;.
(C) 1 Vtotalzk QTC + k QBC + k QSU + k QDU :k(QTC + QBC + QSU + QDU]
Tre T'pc T'sy "pu T'rc I'pc T'sy Tpu
-30C -30C
Vit = (9 x 10° Nem?/C?) 0C ( ) L ( )
3000m 2000m 2000m 3000m
Vtotal =0V
i View = k Orc Tk Ope Tk Oy +k Oy :k[QTC n Ope " Oy n QDU]
e Tpe I'sy I'py I're T T'sy I'pu
-30C -30C
View = (9 x 10° Nem?/C?) 0C ( ) 1L S ( )
3162m 2236m 2236m 3162m

Vtotal = 0 \%

QTC + QBC + QSU + QDU

(@) Vi =k 22 4 Goc Loy Qo =k(

Tsy

30C

Fre T

. (-300) L 30C (-30C)

Tpy

|

T're Tse Fsy "pu

Voo = (9 x 10° Nem?/C?
ol = ( )[2000m

Vi = -1.125 x 108V

|

1000m  3000m  4000m

() PEtota = qrc(Vee T Vsu + Vou) + dee(Vre + Vsu + Vou) + qsu(Vre + Ve + Vou) + qou(Vre + Ve + Vsy)

2 2
_| gy100 N om (300)( -30C  30C —30(7)+ or10? N om (—300)( 30C_, 30C —30C)
C’ 1000m ~ 5000m  6000m ok 1000m ~ 5000m  6000m
2 2
[ ox100 V.om (3oc)( 30¢ , -30C —30(7)+ ox10? N o m (—30c)( 30C , -30C | 30C )
C’ 1000m ~ 5000m  6000m c’ 1000m ~ 5000m  6000m

PE o =-7.83 x10°J - 8.5x10°J -85 x10°J-7.3x10°J =

-3.27 x10" J = PEyy
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2. (a) Using the equation V =ge *¢ with t = RC (the time constant, 1) gives V =ge”' = 0.368(10 V) =3.68 V.
Read the time from the graph when the voltage is 3.68 V. This time, 60 minutes (3600 s), is the time
constant, T = RC. So, 3600 s = R(8.0 x 10° F)

R=45x10°Q

A
b)C=Keg, —
(b) 07

A

8.0 x 10° F = (5.6)(8.85 x 10"? C*/Nem’)—————
10x10" m

A=16m’

L
C R: JE—
(©)R=p y
10x10~* m

2

45x10°Q=p
16m

p=72x10" Qem

60005

o N S .
(d) Q= Qe *€ = Cre * =(8.0x 10°F)(10 V)e (+1")E0r)

Q=15x10"C
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3.(a) [I=— The direction would be to the left (conventional current).

(b) The direction of the current in the cable must be to the right. The force between two parallel wires
is away from one another when the currents are in opposite directions. [Further explanation: For
the force to be upward on the rod, the magnetic field generated by the current in the conducting
cable must be out of the page according to the second right-hand rule (put your fingers in the
direction of the current in the rod, rotate your wrist until your fingers can curl in the direction of
the magnetic field and your thumb will be pointing in the direction of the force on the
current-carrying rod in the presence of the magnetic field). For the magnetic field created by
thecurrent in the conducting cable to be out of the page in the vicinity of the rod, the current in the
cunducting cable must be to the right according to the first right-hand rule(put your thumb in the
direction of the current and the circular direction in which your fingers can curl show the direction
of the magnetic field created by the current-carrying conducting cable).]

(c)SF=F,-F,

1,1 .
Bo Trle 1 mg=0 [un = 4x107 T—m}
2t r A

mgr

) (2x107)1,1

(d) ¢ =BeA = j ldR Ro f. lj”d R _ 1,

- 211 R = 2"I-l[ln(r+d)—lnR]
1) r+d

="°27.]1

¢ 271 “( r )




