Worksheet 5a: Physics 240: Additional Motion problems

(1) A helicopter is seen to move upward with a posigiven by:
Y= YoV, t+6t° - 20

(a) What is the velocity of the helicopter at ali¢s?

(b) What is the acceleration of the helicopterliraes?
(c) At what times is the acceleration zero?

(d) If vo,,=0, at what times is the velocity zero?

(2) An airplane makes an emergency medical dradpeaBouth Pole. The plane is moving with a velooity
70 m/s at a distance of 40m above the South Pole.

(a) How long (in time) before the plane is above 8outh pole must the package be released in todet
the South Pole exactly?

(b) Where was the plane at this time?

(c) What was the impact velocity vector of the pg?

(3) A ball is thrown upward at an angle of&@th an initial velocity of 30 m/s.
(a) How long is the ball in flight?

(b) How high does the ball go above the ground?

(c) How far in the x-direction does the ball tre¥el

(d) What is the impact velocity vector of the ball?

(4) Assume the speed of sound is 343 m/s. A hikdodbes a rock on the side of a cliff and immesliat
screams to a hiker below to watch out. If the hiketow if 50 m below the rock, how long will it tak
between the time that the hiker hears the warnmdythe rock strikes the position (previous) of thiker
below?

(5) Let’s find out how much time is saved at twesgs. Suppose you are going on a 100 mile trip9340
m). Compare the time that it takes for the trip wheving at two speeds, v1=55 mph and v2=60 mph.

While we are talking about driving, what is twice axciting as 25 m/s in terms of stopping distafces
Assume the acceleration in each case is -7.62 m/s



(1) A helicopter is seen to move upward with a posigiven by:
Y= YoV, t+6t° - 20

(a) What is the velocity of the helicopter at ali¢s?

v, =g =V, +18° - 8a°

(b) What is the acceleration of the helicopterliraes?
a=% =36 - 24Q°

(c) At what times is the acceleration zero?

0=3a- 240* :0=t (36- 240
=t=00rt=22=-0.15

(d) If vo,,~0, at what times is the velocity zero?
0=t*(18-8)=t= 0t = 0.22¢

(2) An airplane makes an emergency medical dragpheaSouth Pole. The plane is moving with a velooity

70 m/s at a distance of 40m above the South Pole.

(a) How long (in time) before the plane is above 8outh Pole must the package be released in tardher

the South Pole exactly?

Y =Y, +Vo,t —3gt> =t =+,/2 =2.86s
(b) Where was the plane at this time?

X =V, t=70x2.86 =200m

(the plane was 200 m from the south pole)
(c) What was the impact velocity vector of the pgd?

vV, =V, ,-gt =-28.02m/s
Sov =70%x -28y m/s

(3) A ball is thrown upward at an angle of&Gth an initial velocity of 30 m/s.
(a) How long is the ball in flight?

V=V, —gt=>t===="—""-"=53s

(b) How high does the ball go above the ground?
V2 =vi, —2g0y = Dy =w =34.4m

(c) How far in the x-direction does the ball treel
X =X, +V,,t = AX =v,cos(60)t =79.5m

(d) What is the impact velocity vector of the ball?
Vi =V, X —V,, ¥y =30cos(60)x —30sin(60)y

=V, =15% —26§

(4) Assume the speed of sound is 343 m/s. A hikdodbges a rock on the side of a cliff and immesliat
screams to a hiker below to watch out. If the hiketow if 50 m below the rock, how long will it tak
between the time that the hiker hears the warnmdytae rock strikes the position (previous) of thiker

below?

50=vt, =t , =22 =0.14s
-50 =-4gt’ =>t, =3.19s

T, =3.195-.14s =3.05s

toreact



(5) Let’s find out how much time is saved at twesgs. Suppose you are going on a 100 mile trip9340
m). Compare the time that it takes for the trip whleving at two speeds, v1=55 mph and v2=60 mph.

The equation of motion is given for the two speéd$oth cases, the distance traveled is the same.
X =Vt X =Vt
Solve these for the times:

—Ll :L
t1_v1' 2 7,

The difference in times is then:
D=t —t, =x|E -]
As an example, letpoe 55 mph (24.6 m/s) and i 70 mph (31.3 m/s). Then:
At =100(#4 - &) =0.39hr =-23min

How about the same trip at 55 mph and 60 mph?
At=0.15hr=9 min.

While we are talking about driving, what is twice axciting as 25 m/s in terms of stopping distafces
Assume the acceleration in each case is -7.62 m/s

In terms of stopping distances, assume the actielesaare the same for both cars, but one is ah/25and
the other is traveling at such a speed so thattyming distance is twice that of the first car.
The equations of motion are:

0 =v? -2aAx, : 0 =v; -2alx,
AXx, = 20X,

= v —2aAx, =V} -2[2alx,]
= Vv —v2 = -2aAx,

So

V, =4/VZ +2alx,

This gives the speed at which stopping distanceslaubled. To give a more precise answer, let’'ssosee
typical values:

Assume the average deceleration rate is 23 [{$2 m/é). The car is initially traveling at 25 m/s so the
stopping distance is given by:

Ax, =BT = 4qm
1 2(7.62m/52)

The speed at which the stopping distance doubli®is
V, =+2x7.62x2x41 =+2v, =35.4m /s (about 80 mph).
So twice as exciting as 55 is not 110; it's 80east




