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Mastering Physics Assignment 4

Is due Monday, November 12 at 11 pm
Covers material from chapters 6 and 7

There are 8 questions for practice and 6 for credit

Monday, October 29, 2007

Impulse and Momentum

Impulse = FAt = Ap = change in momentum

Momentum is constant if there is zero net applied force

o AD
Alternative statement of Newton's second law: F = KZZ

For a system of 2 or more colliding objects, momentum is
conserved if there is zero net applied force:

P1+ P2 =Py + Dy

Total momentum before = total momentum after

Monday, October 29, 2007
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Clickers!

A canoe with two people aboard is coasting with an initial momentum
of +110 kg.m/s. Then, one of the people (person 1) dives of f the back
of the canoe. During this time, the net average external force
acting on the system of canoe and two people is zero.

The table lists four possibilities for the final momentum of person 1
and the final momentum of the canoe with person 2, immediately
after person 1 leaves the canoe. Only one possibility could be
correct. Which is it?

Person 1 Person 2 and canoe
A) -60 kg.m/s +170 kg.m/s
B) -30 kg.m/s +110 kg.m/s Momentum is
C) -40 kg.m/s -70 kg.m/s conserved!
D) +80 kg.m/s -30 kg.m/s
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Dec 2003 Final, Q25. A boy who weighs 50 kg runs at a speed of 10 m/s
and jumps onto a cart, as shown. What is the mass of the cart?

(a) 175kg (®) 350 kg () 117kg (@ 88kg () 163 kg
3,00 m/s
mz=72? e
m1=50 kg 228 v,=1m/s (m1 + mz)
vi=10 m/s )  v=100m/s v=3m/s

ooooooooo

Conservation of momentum: mywvy + mave = (M1 + mo)v

my(vy —v)  50(10 — 3)

= =175k
v — Vg 3—1 &

Solve for m»: mg =
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7.19: A fireworks rocket breaks into two pieces of equal
mass. Find the velocities of the pieces.

Rotate:
[30.057
I\//

< 1
% 60.0
(% %
P O. / -
_-D_y__.(._/\k___ /L\ Vo

‘0, 45.0 m/s m

WU

2m

Momentum in x-direction: 2m x 45 = mwy cos 30° + muwy cos 60° (1)

Momentum in y-direction: 0 = mwy sin 30° — mws sin 60°

in 30°
g = 57740, (2) Substitute into (1)
sin 60°
= 9 = 7794 m/s vy = 45.0 m/s
T 0s30° + 0.5774cos 60° 2 '
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Centre of Mass (or, centre of gravity)

o ° ()
I’}’l1 cm m2
xl xcm x2

The centre of mass of the two objects is defined as:

mxy + myx; (The mean position
my +my weighted by the masses)

Xem =

If the masses are moving, the centre of mass moves too:

m1Ax; +moAx,
my;+myp

Axcm -
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o mlel +m2AX2

Motion of cm: Axem
my+my

The speed of the centre of mass is:

Axcm . miviy +m2V2 . Drot

- (Prot = P1+ D2)
At my +my mp +my

Vem =

Or, pior = (M1 +m2)vem

If zero net force acts on the masses, the total momentum is
constant and the speed of the centre of mass is constant also,
even after a collision.

In two or three dimensions:

. mivy +myh, .
Vem = — = velocity of centre of mass
mi + ny

ﬁtot = (ml + m2)ﬁcm
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7.41: The earth and the moon are separated by a centre-to-centre
distance of 3.85x108 m. If:

Mearth = 5.98*1024 kg, Mmoon = 7.35*1022 kg,

how far does the centre of mass lie from the centre of the earth?

«— 0 =385x108 m —>

Earth Oxcm =@ ’ Moon
x=0 x=d

Measuring distances from the centre of the earth:

T o MearthTearth + MmoonTmoon . Mearth X 0+ Mpoon X d
cm — -
Meartn + Mimoon Mearth + Mimoon

735X 1022 x 3.85 x 108
"~ 5.98 x 1024 + 7.35 x 1022

= 4,675,000 m

Note, the radius of the earth is 6,380 km, so the cm is inside the earth.
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7.44/-: The figure shows the centres of
mass of:

1) torso, neck and head, mass m; = 41 kg,
2) upper legs, mass mz = 17 kg,

3) lower legs and feet, mass ms = 9.9 kg.

+y
A

b m; =41 kg
Find the position of the centre of mass of
the seated person. o Ocm
(NB minor appendages such as arms and m=1Tkg
hands have been left out for simplicity). T— i
| 0.26 m
m1$1 + m2x2 + m3x3 : msz= 9.9 kg |
Tem = |
L s 517 m026m
41 x 0417 x 0.17 + 9.9 x 0.43 ol MBSO R
= =0.11m
41417499 |
miyr + moys + mgys 41 x0.394+ 17 x0—-9.9 x 0.26
m1 + ma + ms3 41 +17+9.9
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7.54: A person stands in a stationary canoe and throws a 5 kg
stone at 8 m/s at 30° above the horizontal. What is the recoil

velocity of the canoe?

m=5kg v=8m/s

30°

Ve = final speed of canoe

M =105 kg

Conservation of momentum: canoe initially at rest, so momentum = O

Or, centre of mass is at rest and remains so.

x:  0=mvcos30°+ My,
—mvcos 30°
M

B —5 % 8cos30°
N 105

Ve =

= —0.33m/s
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Summary

Momentum

p=mu

Impulse and Momentum - Newton's 2nd law in another form
Impulse: FAt = mAG = Ap

Conservation of Momentum

In the absence of applied forces: pj + po = Py + Py

Centre of Mass

_myxy+moxp continues to move at constant
 omymy velocity if no applied forces

me
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Chapter 8, Rotational Kinematics

Sections 1 - 3 only
* Rotational motion and angular displacement
* Angular velocity and angular acceleration

+ Equations of rotational kinematics
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Angular Displacement

B
! The length of the arc of the

circle of radius r from A to B is:

A [=1r0

where 0 is in radians.

) arc length [
0 (radians) = ﬁ =

One complete revolution corresponds to:

2
0= o 2n radians  (rad)
r

n radians = 180°

Monday, October 29, 2007

Two geostationary satellites are at
an altitude of 4.23x10” m. Their
angular separation 0 is 2°,

Find the arc length s.

s=r0 =(4.23 x 10’ m) x (2r/180 radians)

= 1.48x10% m

Monday, October 29, 2007

45

46



Total eclipse of the sun

Smoon

6sun 1!

(a) esun = 6WlO()I’l

\ e
e ”
T remresmeaann . YSHA
S SRS A \\/“ gmoon
e
| ‘\-\k @

SS un N moon
~Y

r sun 7 moon

The sun and moon have almost exactly the
same angular size as seen from the earth
even though the moon is much smaller than
the sun.
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8.68/14 T A
i R - ) \‘\

Moon: diameter = 3.48 x 10° m,
distance from earth = 3.85 x 108 m

Sun: diameter = 1.39 x 10 m,
distance from earth = 1.50 x 10! m

a) Angular size of moon = (3.48 x 10°® m)/(3.85 x 108 m) = 0.00904 rad
Angular size of sun = (1.39 x 10° m)/(1.50 x 10 m) = 0.00927 rad
b) The moon has slightly smaller angular size than the sun.

c) Apparent area of moon = (0.00904/0.00927)? x apparent area of sun
= 95.1% of apparent area of sun.
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Angular velocity - motion around

a circular path N
Angular velocity is: A
o= b5 — 0a rad /s (average)
tg —ta
Ab .
w== rad/s (instantaneous)
The instantaneous angular velocity is measured over a
vanishingly small time interval.
If the motion from A to B takes time t, then
I r0
V=-=— =TWw
t t
Thatis,v=rw
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Angular acceleration

Angular acceleration is the rate of change of angular velocity:

0w—w0y Aw

Average angular acceleration & = =—
t—1t At

. . )
Instantaneous angular acceleration oo = lim —
Ar—0 At
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Equations for rotational motion

Analogous to the equations for linear motion.

® = wo + ot
1
ezi(woer)t

1
0 = wot + Eoctz

w* = wj+200

v=1vg+at
o)

X = — |V A%
> 0

t+1 2
X =V —
0 2Cl

v? = vg + 2ax
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