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GENERAL PHYSICS I: PHYS 1020

Schedule - Fall 2007
(lecture schedule is approximate)

M| 17 5
3 |[W| 19 6 Errors Lecture
F| 21 7 Chapter 3 Ki ics in two di n
M| 24 8 J—
4 |[W | 26 g Experiment 1: Measurement of Lc@
[F] 28 10 Chapter 4 Forces and Newton's laws —
M |Oct1 11
s [w] 3 12 Tutorial and Test 1
s B Chapter 5 Uniform circular motion (chapters 1,2, 3)

Week of September 24
Experiment 1, measurement of length and mass

Week of October 1
Tutorial and test 1 on chapters 1, 2, 3
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Projectile Motion
3.C5: A tennis ball is hit upward into the air and moves along an arc.

Neglecting air resistance, where along the arc is the speed of the
ball

Ny =
\30

a) a minimum?

b) a maximum?

Vx 1s constant, vy varies
V2=V + 2
vy = 0 at highest point, and so, the smallest v...
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3.C11: A leopard springs upward at a 45° angle and then falls back
to the ground.

Does the leopard, at any point on its trajectory, ever have a speed
that is one-half of its initial value? V=0

—ab'Vx ‘=-VQ (.M‘—\'go

Atany point: v =y /vi+v?, and v, = vgcos45° = vo/\/i

At B: vy =0, s0 v = vx = v0/v2 = 0.7vo, which is the smallest v
— The speed never falls to half its initial value.
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3.46: A rifle is aimed at a small can. At
the instant the rifle is fired, the can is
released.

Show that the bullet will always hit the
can, regardless of the initial speed of
the bullet.

Bullet:
1 2 y
= Vot — =gt 4
Yb vOy 2g @é”
Can: ‘§
¢ H H
- H— - tz = t = 0 =
Ye 28 LT el = V0 CO8 vpsinf  tanf
Bullet and can meet when yp = yc: r=D

38

Relative Velocity

vpg = +9.0 m/s
sen———

VPT YIG .

vpo = +11.0 mis

Ground-based ‘
observer

Vpr = velocity of passenger relative to train

Vrg = velocity of train relative to ground VpG = Vpr + V16

Vpg = velocity of passenger relative to ground
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Relative Velocity

If: A moves at velocity V4 (relative to the ground)

and: B moves at velocity Vg (relative to the ground)

then, the velocity of B relative to A is:

VBA = VB — V4

This is the velocity of B as seen by A.
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3.51/47: Two trains are passing each other. Train A is moving east at
13 m/s, train B is travelling west at 28 m/s.

a) What is the velocity of train A relative to train B?

b) What is the velocity of train B relative to train A?

US v;\s S =
v
= R w\s
A% e -
va
. -
N RN ~Va =
Gx Y - Vo — S S
VL BN 2 SRR M\s
B sees A fravelling to E at 41 m/s relative fo it o ©
- —\
-~ D1 Vo — VA
‘A Va TV E <
Ve
<

Welwalt o W
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Relative Velocity

Velocity of car A relative to car B is Vap = Vag — Vs

25 m/s YAG

YGB = ~VBG
15.8 m/s

VAB = VAG — VBG
VoG = 25.0 m/s

T
[ om | a—viotvio= 2158
vap = 29.6 m/s
|
| 3 vare tan® = 15.8/25, 6 =32.3°

Relative to B, A is travelling at 29.6 m/s at 32.3° south of east
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3.53: A hot air balloon is moving relative to the ground at 6
m/s due east. A hawk flies at 2 m/s due north relative to
the balloon. What is the velocity of the hawk relative to the

ground?
N -
% T Ve
—)
v oo Tl
Break into components, or... —
b v«\g

vg =V6>2+22=63m/s

tan® = %, 0 =184°Nof E
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Clickers!

3.C16: Strategies for swimming across the river in the shortest
time. Which is fastest? The swimmers swim at the same speed vs
relative to the water. The water flows at speed vy.

(A) - (B) ‘_}tot - vs + vw
Vi
Vs . .
Vtot Vs Vtot
(A) Head (B) Head (€) Head
straight across, upstream to end downstream to
get carried at closest point take advantage
downstream on far bank of the current
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Relative Velocity
Vw 0.91 m/s

1.4 m/s

Vior = Vs T Vi

Vi Vtot

3.47/51: A swimmer swims directly across a river that is 2.8 km wide.
He can swim at 1.4 m/s in still water (vs), i.e. at 1.4 m/s relative to the
water. The river flows at 0.91 m/s (v), i.e. at 0.91 m/s relative to the
riverbank.

How long to cross the river?
Where does he end up on the other bank?
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Relative Velocity contd

7, 0.91m/s

As he’s swimming directly across the
river, his speed toward the other bank

V
tot is 1.4 m/s.

2800 m

=2000 s
4 m/s

Therefore, time to cross the river is

In this time, the current will carry him downstream by:

(0.91 m/s) x (2000 s) = 1820 m
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Relative Velocity contd

Alternative strategy: he v, 091 m/s
heads upstream a little so as
to swim directly across the
river - the most direct route.

Vtot - Vs + ‘_;w
Pythagoras:

2 .2 2
vs _vw+vtot

S0, Vigr = /VI—VE =1/1.42—0.91%2 = 1.064 m/s

2800 . 0.91
Takes ernn]]/s = 2630 s to cross the river  sin® = % — 0=41°
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3.69/57: An aircraft is headed due south with a speed of 57.8 m/s
relative to still air. Then, for 900 s a wind blows the plane so that it
moves in a direction 45° west of south, even though the plane continues to
point due south. The plane travels 81 km with respect to the ground in

this time.

D

Ve
Determine the velocity of the wind with respect to the ground.

8 wls
To south: p

(vp)s+ (vw)s = 90cos45° ™
57.84 (vy)s = 63.64 — (v,)s=5.84m/s ** Q0058

To west: L \’;\‘“ ,cﬁw S
(Vp)W + (VW)W = 90sin45°
0+ (vo)w = 63.64 — (v,)w = 63.64 m/s

63.84 ]

Vy = \/5.842+63.642:63.9 m/s tan6, = ——— — 0,, = 84.8
5.84

west of south
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Chapter 3 Summary

e The laws of motion can be applied separately to motions in x
and y (negligible air resistance).

® The time for a projectile to move up and down is the same
as the time for it to sideways.

e Relative velocity is an application of the subtraction of
vectors covered in chapter 1.

e If A travels at V4 and B travels at Vg the velocity of B relative
to A is \73 — VA
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