Mechanics 2000 C

1. (a)
/ f1o T T?
(cm) (s) (s) (s%)
12 7.62 0.762 0.581
18 8.89 0.889 0.790
21 10.09 1.009 1.018
32 12.08 1.208 1.459
(b)

(c) Since the equation of this straight line is T? = m/ (where m is the slope of the line) and the

2

equation for the period of a pendulum (T =27 £) can be rearranged to T* = 4n ¢, then the slope
2 2 2

must equal in . The slope of T vs. /is m = 1557 705557 _ 4.52 s’/m. Therefore, 4.52 s*/m

032m—012m
2 2
= 4 , SO Zexp = 4+= 8.73 m/s>.
g 45257 /' m

Zexp = 8.73 m/s”

(d) No. If+4% is applied to the experimental value of 8.73 m/s* (8.73 x 0.04 = 0.35), the result is
8.38 m/s” to 9.08 m/s”>. The accepted value of 9.80 m/s* does not fall within this range, therfore,
the experimental value is not in agreement with the value 9.80 m/s”.

(€)ZF =Feyp - Fy=ma
Mgy, - M= ma
a=gp-g=28.73 m/s* -9.80 m/s

a=-1.07 m/s* downward
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2.(a) A

(b) The magnitude of the acceleration of the ball decreases as the ball approaches terminal speed.
There are two forces acting on the ball as it falls: the downward force of gravity which is a
constant and the upward force of air drag that increases as the speed of the ball increases. The
magnitude of the acceleration depends on the net force which is the sum of these two forces.
Before the ball reaches the terminal speed the downward force of gravity is greater than the
upward force of air drag, so, the net force will be downward and the acceleration will be
downward. Since there is an acceleration (downward), the speed will be increasing. Remember,
the magnitude of the upward force of air drag depends on the speed. Since the speed is increasing
before the ball reaches terminal speed, the magnitude of the upward force of air drag is increasing.
Therefore, the net force will be decreasing and, hence, the magnitude of the ball’s acceleration
will be decreasing before the ball reaches its terminal speed.

(c) ), F=F,-F,=ma
2 dv

bv’ - mg=m—

dt

v’ —mg m

(d) > F=F,-F,=ma

bv -mg=0
th2=mg
2_ Mg
b
S
b

(e) Ebefore = Efinal
GPE =KE + TE
mgh = vsmv,® + E,

Ea = mgh - %smv,® = mgh - am(, /%)2
2

Ea =mgh - ‘/zmbg
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3.(a) 2F=Fr-F,=ma
Fr Fr-2mg=20
m Fr=2mg
(b) 1. 2F =Fp;-F,=ma
I Frs Fr;-3mg=- 3m§
Frs=-mg+3
3m e
Fr; =2mg
Fq
1. 2F = FTI - Fg =ma
m
T Fr, Fri-mg= Tg
_mg _mg  3mg
m =y rmem
l Fg FTI = il'l'lg
3
1. 2T=T;-T, =1a (aTZRlasan%
R,Fys; - RiFy) = 1% (Divide both sides by R))
Frs - le =Lar
2mg - Emg = 113§ - (Multiply both sides by 3 and divide by g)

(6m - 4m)R,* = I,

Il = 2mR12

(c) 1. The linear speed of a point on the edge of original pulley equals the linear speed of a point on
the edge of second pulley and the linear speed of the cord. So,

Rl(x)l = R2(02
R R 5 5
2 = E(Dl - ﬂ(’ol 1. KE = ¥l 0" + 2o,
KE = %L + %(16)(Vem,)
5 — Vo, KE = 1/2110312 + 1/2(16)211%0312
KE = 1/211(01 + 211(,01

1. L2 = 120)2 = 16111/2(1)1

KE :21/211(,012

L2 = 8110)1
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1. (a)
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(b) i.
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8:I42V e=42V e=42V
I | |
| ! | ! I F
A
1;39 10 O Reqi Rz
4.00Q 14 Q
VVVW\ «—> «— VAVAYAVAY,
C
6.0 Q Re2 = A + Reqi
Rep=10Q2+4Q V =IR
Req2 =14 Q) €= IAReq2
1 :l+l 42V =1,(14 Q)
Reg B C V=IR =34
! = i + l Veql = IAl{eql
Reg 12 6 Ve = (3 A)4 Q) Py =I5"Rg
Reqi =4.0Q Veq =12V Ps=(3 AX(10 Q)
PA =90 W
V=IR V=IR
Veql = IBRB Veql = IC1{C
12V=1Ix(12 Q) 12V=Ic(6 Q)
It=1A Ice=2A
Py = IR = (1 AY(12 Q) Pc=Ic’Re = (2 A)*(6 Q)
Pp=12W Pc=24W

P5 > Pc > Py, so lightbulb A will be brighter than C which is brighter than B.

The inductor creates a counter ¢ that is equal to the € from the battery so no current flows
through lightbulb C (Ic =0 A). Therfore, it is as if the circuit branch with lightbulb C is not
there, so lightbulbs A and B are in series and the current through lightbulbs A (I,) and B (Ig) is
the same (common). The total resistance (Rt) in the circuit is the sum of the resistances in
lightbulbs A and B (10 Q + 12 Q) wich is 22 Q.

e 42V
[h\=lg=—=—"—=19A
AT R 220
Py =1,"Ra= (1.9 A)(10 Q) Ps =I"Rg = (1.9 A)*(12 Q) Pc =I"Re = (0 A)*(6 Q)
Py=36W Pp=43 W Pc=0W

ii.

Pg > PA > P¢, so lightbulb B will be brighter than A which is brighter than C.

A long time after the switch is closed the current is constant so the inductor has no effect on the
circuit so it behaves as in part (a.). That is, Pg > P4 > P, so lightbulb B will be brighter than A
which is brighter than C.
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1. (continued)
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2. (a) i. i

i1. (continued)

Greater than at P, Less than at P, The same as at P,

Ea X
Eg X
Ec X

(b) The y-axis is equidistant from points B and C which are both on the x-axis. Therefore, the angle
between the x-axis and a line joining point B to any point on the y-axis will be equal to the angle
between the x-axis and a line joining point C to that same point on the y-axis. Due to this
symmetric geometry , the magnitude of the x-components of the electric fields of charges B and C
will always be equal in magnitude and opposite in direction and,thus, will add to zero. The
electric field from charge C has an x-component of zero.

(C)V:VA+VB+VC: kQ + kQ kQ

_l’_
V3l \/1 \/1
VIR 712+ 2 7l2+ 2
2 Y 2 Y 2 Y
1 2
V = kQ +
\/gl 112 + 2
2 Y 2 Y

(d) Take the derivative of the potential with respect to y and set this equal to zero and solve for y

because E = - CZ—V and the electric field should be zero at these points.
y
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3.(a)i.i§E0dA:K%:0 leto =

N lie)
NS

0
E§dA—K—80

o

KEo

E2nrL =

p-— 2 !

2nKeol 7

2000 C

ii. Since there is a charge of +Q on the inner surface and a charge of -Q on the outer surface the net

charge within the Gaussian surface (cylinder) that encompasses the entire capacitor is zero.
Thus,

E=0

b
1 ar 0
b)i. V=-|Edr=- —dr= [In(b) - In(a
®) J. ‘!27‘5K80L r : ZTEKSOL‘[ 2TEK8 (6) - In(@)]

y-_2 ln(éj
2nkeol \ a

. Q=
C

(@AY

o__ Q0
" )
2nkeol \a

comad (]

(c)1i. deZ = ol Choose a circle for an V=R
B J- dl =y, Amperian path. I, = €
R
€
B2nr = po—
Mo R
_heel
2nR r
ii. j Bdl = ol V=IR V=IR
€ R
BJ.dl—uoI; Ia—E Ib_E
B2nr = uo—s
R =T+
e 3¢
= — + —
B= 2“;8 1 R R
e r 4e
IT =—



