Physics 1100: 1D Kinematics Solutions

1. Neatly sketch the following dot-motion diagrams:
(a) A particle moving right at constant speed.
(b) A particle moving right and speeding up.
(c) A particle moving right and slowing down.
(d) A particle moving left at constant speed.
(e) A particle moving left and speeding up.
(f) A particle moving left and slowing down.
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2. Use the definition of acceleration 3 _ i to draw the direction of the acceleration at a midpoint of the sketch
Af

from Question 1.
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Note that the direction of the acceleration, as indicated by Av, and the direction of motion at a point are both
needed to determine if an object is speeding up or slowing down. If a and v are in the same direction, the object
is speeding up. If a and v are in the opposite direction, the object is slowing down.

3. Draw a dot-motion diagram for an object moving in a circle at constant speed. Determine the direction of
acceleration at several points.



Note that the change in velocity, and thus the acceleration, is the same magnitude at points 1 and 6 and at all other
points around the circle. Moreover, the direction of the acceleration is towards the centre. This acceleration is
usually called the centripetal acceleration.

. Describe in simple terms the motion of'the particles in the dot-motion diagrams below.
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(c) Which point in each dot-motion diagram has the greatest acceleration? Which way does it pomnt?

a. The particle is moving to the left. For points 1 to 5 the speed is constant as the gaps between the points are
constant. For points 5 to 8, the gaps are increasing so the particle is speeding up. Finally, between pomts 8
and 11 the gaps are decreasing and thus the particle is slowing down.

b. The particle is moving to the right. For points 1 to 4 the speed is increasing as the gaps between the points
are increasing. For points 4 to 7, the gaps are constant so the particle is travelling at constant speed.
Finally, between points 7 and 11 the gaps are constant again indicating constant albeit slower speed. Note
the abrupt change at point 7.

c. The biggest change in velocity in (a) is at point 8. The particle is moving left but slowing down, so the
acceleration must be opposite the velocity or to the right. The biggest change in velocity in (b) is at point 7.
The particle is moving right but slows down between points 6 and 8, so the acceleration must be opposite
the velocity or to the left.



5. (a) Sketch x-t graphs for Question 1.

(b) Sketch x-t graphs for Question 4(a) and 4(b).
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6. (a) Sketch v-t graphs for Question 1 </I>
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(b) Sketch v-t graphs for Question 4(a) and 4(b).
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7. Draw a dot-motion diagram and an x-t graph from the following v-t graph.
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First note that all the velocities are positive so the object is always moving to the right. Next, note that there are
three separate sections to the motion. First the object is moving right but slowing. Second it travels at constant
speed. Third is slows again but faster than in the first segment. A possible dot-motion diagram would look like:
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To accurately sketch the x-t graph note that the object travels 30 m in the first section, 16 m in the second, and
14.25 min the third. We can either look at the area under the curve or use average velocity for each section.
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8. From the position versus time graph given below, determine the average velocity in segments A to E. Is the
acceleration in each segment zero, negative, or positive? What is the average velocity over the entire time interval?
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We calculate average velocity from Vayepage = (Xf— Xo)/(tr— to), and read the values of x and t off the graph.

Determining the sign of the acceleration is more complicated. Since the acceleration is defined a = Av/t, the sign
of a is the same as the sign of v. For segment A, B, and C velocity is constant so v = () and thus a = 0. For
segment D, the slope of the tangent lines is increasing, thus v > 0 and a > 0. For segment E, the slope of the
tangent lines is getting more negative, thus v < 0 and a < 0.

Segment  Vaverage (M) «
A i (12657_ 0(1.5=0s) 0 Straight line d vs t, means constant velocity or zero acceleration
b Z (_20(;g 23)/35-15) 0 Straight line d vs t, means constant velocity or zero acceleration
¢ z (()2’0 ~2.00/(4.0-3.5) 0 Straight line d vs t, means constant velocity or zero acceleration
b z (14657_ 20/(5:5-40) >0 Curved upward d vs t line means increasing v
E Z (_02(;g 4)1.5-53) <0 Curved downward d vs t line means v is becoming more negative.

The displacement over the entire time interval is zero as the object returns to d = 0, so the average velocity is zero
as well

. From the velocity versus time graph below, determine the acceleration in all segments. What is the average
velocity in each segment? What is the displacement in each segment? What is the average velocity over the entire
time interval?
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We may find the average velocity from v ;46 = 72(vy+ vg). The acceleration is defined by a = (vy— vo)/(t,—
1g). We may find the displacement from the area under each segment or use Ax = v,0,qgef.

Segment Vaverage (M/5) a (m/s?) Ax (m)

A =3+0)2 =3-0)/(2-0) =15/2
=15 =15 =3.0

B =(25+3)2 =(25-3)/4-2) =2.75x2
=275 =-0.25 =55

C =25 =0 =25x1.5

=3.75

D =(0+2.5)2 =(0-2.5)/(7-5.5) =125x%x1.5

=1.25 =-1.67 =1.88

Since the velocity is not a straight Ine for the entire time nterval, we cannot use v,¢qge = 72(vVy+ vg) to find the
average velocity. Instead we must use the definition v ;0,400 = 4x/At. For the entire time interval, Ax ;7 = 4Ax 4
tdxp+tdxc+tAdxp=3.0m+55+375m+1.88m =14.13 m. Thus v 0400 = (14.13 m)/(7.0's) =
2.02 m/s.

10. The velocity versus time sketch shown below is for a ball rolling across a horizontal floor, rolling up then down an
incline, and finally rolling back across the floor.
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(a) At what time does the ball encounter the incline?
When the ball encounters the incline, it slows down. Examining the graph this occurs at t =4.0 s.
(b) When is it at the top of the inclne? How do you know this?

At the top of the incline, the ball is turning around. A turning object has a velocity v = 0. Examining the graph, this
occurs att=6s.

(c) When does it leave the incline?
When the ball leaves the incline, it will have a constant velocity again. This starts at t = 8 s on the graph.

(d) What was the acceleration of the ball up the incline?
Acceleration is given by a = (ve—vo)(ty—ty) = (0-3)/(6—-4) =-2.5 m/s?.
(e) What was the acceleration of the ball down the incline?

Acceleration is given by a = (ve—vo)(ty—tg) = (-5 - 0)/(8—6) =-2.5 m/s°. Since we a dealing with a straight
line segment, the value is the same as part (f)

A skytrain starts from rest at a station and accelerates at a rate of 1.60 m/s? for 8.00 s. It then runs at a constant

velocity for 12.0 s, and slows down at 2.50 m/s? untl it stops at the next station. Sketch the d versus t graph.
Find the time for the last segment. Find the average velocity in each segment. Find the total distance between
these two stations. Assume the track is straight between the two stations.

An accurate sketch requires that we know some distances and times.

A vy=0misa=160ms%t=80s
vi=Vvot+at=12.8 m/s



Vave = 72(Vo + vp) = 6.4 m/s
AXA = Vayet =51.2m
B vo=12.8m/s,a=0,t=12.0s
vi= Vo= 12.8 m/s
Vave = 72(Vo T vp) = 12.8 m/s
AXp = Vayet = 153.6 m
C  vp=12.8ms, vp=0,a=-2.50 nvs
t=(vy—vpfa=5.12s
Vave = /2(Vo+ vp) = 6.4 m/s

XA = Vayet =32.8 m

In segment A, there is an acceleration so the line curves upwards as velocity increases. In B the velocity is
constant, so the line is straight. In C the train decelerates, so the line flattens out as velocity decreases.
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12. The record for the 100 m dash is 9.90 s. Calculate the average speed over this distance.

Average speed is defined as distance travelled divided by travel time,

s=dit=100m/9.90s =10.1 m/s .
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The moon moves around the earth in a circle of radius 3.84 x 10® m. The time for one complete trip of the moon
around the earth is 27.3 days. Calculate the moon's average speed in m/s and kmvh. Recall that the circumference
ofa circle is C = 2mr; a fact you should remember for this course.

Average speed is defined as distance travelled divided by travel time,

s=dit=2mr/t=2(3.84 x 105m)/(27.3 d 24h/d 3600 s/h) = 1.02 x 105 m/s .

Converting to knvh,

1.02 x 103 m/s = 1.02 x 103 m/s (1000 m/km)(3600 s/h) = 3.68 x 10° km/h

A jogger runs four times around an oval track of circumference 400 m and finishes where she started. If it takes
her 10 minutes to complete her run, what was her average speed? Her average velocity? Why are they different?

Average speed is defined by distance traveled over time, s = d/t. For this problem
s=4x400m /(10 x 60s) =2.67 m/s.
Average velocity is defined by displacement over time, v = Ax/t. For this problem
v=0m/(10 % 60s) =0 m/s.

The difference reflects the fact that displacement ignores the details of the motion and is concerned only with
where the final position is relative ti the initial position.

A certain brand of car can accelerate from 0 to 60 knv/h in 4.20 s. What is it's acceleration? What is it's average
velocity? How far did it travel?

Acceleration is defined as the change in velocity with respect to time. Before we calculate this, we must convert
the final velocity to SI units,

km 1000 m 1h
60 km/h = 60 X X
h lkm 3600s

=16.67 mv/s.
Thus the acceleration is

a= vt =(16.67m/s—0)/(4.20s) = 3.97 m/s?.
Since we have the initial and final velocities, we can calculate the average velocity from

Vaverage = 1/2( Vf+ VO) = 1/2(]667 m/s + 0) =8.33m/ss .

Since the motion is in a straight line, the distance travelled is the same as the displacement. For the given data and
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examining our kinematic equations, the displacement can be calculated several ways,

AX =V yyeraget = (8.333 m/s)(4.20 s) = 35.0 m,

or, equivalently

A bullet in a rifle accelerates uniformly from rest at a = 70000 m/s? barrel. If the muzzle velocity of the bullet is
500 nv/s, how long is the rifle barrel? How long did it take for the bullet to travel the length of the barrel? What is
the average velocity of the bullet?

Ax = vt + hat® = 0+ 1%(3.97 m/s*)(4.20 5)° = 35.0 m.

To solve this problem, we list the list the given information and what we are looking for:

vo=0.0m/s  (since the bullet is initially at rest)
ve=500m/s  (velocity of the bullet as it leaves the barrel)

a = 70,000 m/s?

Ax=7 (the length of the barrel)

t=7? (the time it takes to travel the barrel)
Vaverage = !

To find the length of the barrel, we find the kinematics equation that contains x and the given quantities. Examining

our equations we see that we canuse 5, a5 — vi, _ v,f . Rearranging this equation to find a yields

V; =ve  (500m)s)’ - (0.0m/s)?

A= -
T 2% 700005

= 17%=

To find the time it takes for the bullet to travel the length of barrel, we find the kinematics equation that contains t
and the given quantities. Examming our equations we see that we can use g =V tat Rearranging this equation

to find t yields

Ve ~Vg (500smfa) — (0.0mfs) _

t= =71x107
a 70000757 e
The average velocity is defined Vesoege = Yy ;‘V}’ _ Omfs +25D0mfs 250

Initially, a ball has a speed of 5.0 m/s as it rolls up an incline. Some time later, at a distance of 5.5 m up the incline,
the ball has a speed of 1.5 m/s DOWN the incline.
(a)What is the acceleration? What is the average velocity? How much time did this take?



(b)At some point the velocity of the ball had to have been zero. Where and when did this occur?

A welHabeled sketch usually helps make the problem clearer.

(a) Next, we list the list the given information and what we are looking for:

Vo= +5.0 m/s
Vi= -1.5 l’I]/S
AX=+55m
a="?

Vaverage = *
t=7?

Note that I have taken the direction up the incline as positive and that the signs are explicitly stated. It is a very
common source of error to leave out or to not consider the signs of directions of all vector quantities.

To find the acceleration, we find the kinematics equation that contains a and the given quantities. Examining our
equations we see that we can use o iy — 1,* 3 . Rearranging this equation to find a yields

= Vj- - ¥
4 2 2 2
VitV (—13mfa)” — (50mfs) B 7.
ST 2% 55 = 2068y

Notice that the acceleration is negative. This means that the acceleration points down the incline. It means that an
object traveling up an incline will slow, turn around, and roll down the incline.

The average velocity is defined ., _ VetV 175mfs-

average >

To find the time, we find the kinematics equation that contains a and the given quantities. Examining our equations

_Va +vy

we see that we can use ;- Rearranging this equation to find t yields ; —

o vu+vf

=3143z-

(b) When an object moving in 1D turns around we know that the object is instantaneously at rest and that its
velocity at that point is v3 = 0. The information that we know is thus:

Vo= +5.0 m/s
v3=0m/s This is our new final velocity
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a=-2.068 m/s? From part (a)
Ax=7?

Vaverage = *

t=7?

Notice that the acceleration is a constant of the motion; it has the same value in both parts of the problem.

To find the displacement from the mitial position where the ball turns around, we find the kinematics equation that

contains x and the given quantities. Examining our equations we see that we canuse o,y — v? _ vnﬂ .

Rearranging this equation to find x yields

v =vi  (Omfs)? = (50m)s)?

A= -
T T 2% (—2.068m)s”)

= 6040

Notice that this value is bigger than the original 5.5 m and is consistent with the sketch, i.e. the ball was farther up
the incline when it turned around.

To find the time it takes for the ball to reach the point where it turns around, we find the kinematics equation that
contains t and the given quantities. Examining our equations we see that we can use o =Vo +at- Rearranging

this equation to find t yields

vy = Vo (Omfs) — (5.0mfs)

= 2425
a Z 2.068mfs” :

i =

Notice that this value is smaller than the time in part (a) and is consistent with the sketch, i.e. the ball hasn't come
back down the incline yet.

A tortoise and a hare have a 25.0 mrace. The tortoise moves at a slow but constant 0.101 m/s while the hare

accelerates from rest at 0.500 m/s2. The hare magnanimously gives the tortoise a 4.00—minute headstart. Who
wins? Explain with calculations.

(Of course, in the modern telling of the story, the hare would be proclaimed the winner after a random drug test
showed that the tortoise had been taking steroids!)

As with any kinematics problem, we list the list the given information.

tortoise hare
Ax=25.0m Ax=25.0m
vor = 0.101 mv/s vog =0

viT = Vor (constant velocity) vg="7?

aT = 0 (constant velocity) ay; = 0.5 /s’
tr="7? ty="7
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Examining each set of data, we can see that we have enough data to use our kinematics equations to calculate t.
Whoever wins the race will have the smaller time.

Calculating t, we use the kinematics equation Ax = vty + I/Zay(tT)Z . Since ap = 0, rearranging the equation
yields

tr=Ax/vor=25.0m/0.101 m/s = 247.5 s.
Similarly, we use the kinematics equation Ax = vyt + /2a H(t[_l)z to calculate #z; Since vy = 0, we have
ty = [20x/ay]” = [2(25.0 m)/(0.5 m/s?)] > = 10.0 s.

We have to be careful, ty is the time it takes the hare to run the 25 m but he gave the tortoise a 4-minute, or a
240-second, headstart. The hare's race time is thus 250 s, and the tortoise wins the race.

Fifteen weeks later, having taken Physics 1100, a wiser hare asks for a rematch. This time the hare has done
some calculations. What would be the maximum headstart that the hare can give the tortoise and still win the race?

Examining our results, we see that the tortoise won by 2.5 seconds, if the hare gave the tortoise of 3 minutes and
57 seconds or less, the hare should win.

A ball is thrown up into the air. At one point it has an upward velocity of 10.0 m/s. Some time later, it has a
downward velocity of 12.0 m/s. How much time passed between these two events? What is the displacement
between the ball at those two heights? What total distance did the ball travel between those times?

A well-labeled sketch usually helps make the problem clearer.
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Next, we list the list the given information and the unknowns:

Ay

vo=110.0 m/s
ve=—12.0 m/s
Ay=7?

a=-g=-9.81 m/s?
t=2?
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Note that I have taken the direction up as positive and that the signs are explicitly stated. It is a very common
source of error to leave out or to not consider the signs of directions of all vector quantities.

We can use the equation vy= v, + at to find t. Rearranging yields
t=(p-vg)/a=(12-10)/-9.81 =2.24s.
To find the displacement, we can use the formula 2aAy = (vﬁz — (vo)2 . Rearranging yields
Ay = [(v)? — (vl ]/2a = [(12)°~(10)?] / (2x-9.81) ==2.24 m .
So the ball is 2.24 m lower at the end ofthe 2.24 s.

We are asked to calculate the total distance travelled by the ball, however distance is not a kinematic quantity that
we can calculate. Fortunately, we can calculate the displacement up to where the ball turned and then the
displacement down. We recall that v = 0 at that pomt. So we have two calculation to do and we first list the
mformation

up down

vo=110.0 n/s vo=10

vi=0 ve=—12.0 m/s

Ay =7 Ay, =?
a=-g=-9.81m/s a=-g=-9.81m/s
tp="? ty="?

To find the displacement for each part, we can use the formula 2aAy = (Vf)2 — (V())Z. Rearranging yields
Ay = [(v)? — (vo)?]/2a = [(0)*~(10)*] / (2%-9.81) = 5.097 m , and
Ay = [(v)? = (vo)?]/2a = [(~12)°~(0)°] / (2%-9.81) =-7.339 m
We have to be careful about signs since distance is a scalar quantity while displacement is a vector,
d=|Ay;| + Ay, =5.097m + 7.339m =124m .

The ball travelled a total distance of 12.4 m.

A woman standing on the edge of a bridge fires a pistol once straight up into the air and one straight down. Which
bullet will hit the river below with the greatest velocity? Ignore the effects of air resistance and assume the opening
of'the barrel is at the same level in each case. If the gun is held 120 m above the river and has a muzzle velocity of
325 nv/s, find the following in each case: the time in air and the average velocity. In the first case how far did the
bullet rise? What total distance did it travel?

A welHabeled sketch usually helps make the problem clearer.
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Next, we list the list the given information and the unknowns for each case:

up down
VOI =+325.0 m/s V02 =_-325 m/s
\ ? VR ’
&lt;p&gt; &lt;sup&gt; &lt;sub&gt; &lt;sub&gt; & lt;sub
Ay; =-120m Ay, =-120m
a=-g=-9.81 m/s? a=-g=-9.81 m/s?
tl = ‘7 t2 = ‘)

Note that I have taken the direction up as positive and that the signs are explicitly stated. It is a very common
source of error to leave out or to not consider the signs of directions of all vector quantities. Note that the
displacement of each bullet is exactly the same.

We can use the equation Ay = vt + Yat? to find t. We have a quadratic in t. When we substitute in the numbers
and rearrange into standard quadratic form, we have

up:  —4.905t2+325t+ 120=0 (1)
down: —4.905t2—325t+120=0 (2)

The solutions to equation (1) are t; =—0.367 s and t; = 66.6 s. We are looking for the forward in time solution so
t; = 66.6 s is the total time the first bullet is in the air — neglecting the effects of air resistance.

The solutions to equation (2) are ty =—66.6 s and t; = 0.367 s. We are looking for the forward in time solution so
ty = 0.367 s is the total time the second bullet is in the air.

To calculate the average velocity we need to know the final velocity of each bullet. We can use the equation 2aAy
= (v)? — (vp)? for this.

up: v = [2aly; + (vor)]” = [2(-9.81)(-120) + (+325)7]" = <£328.6 m/s
down: vy = [2aAy; + (v2)?] " = [2(-9.81)(~120) + (-325)7] " = <+328.6 m/s .

The proper choice of sign in both case is minus because the bullets are moving downwards just before impact, so
Vi = Vp = -328.6 m/s .

The average velocity for the each bullet is thus
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up:  Vigverage = 2(Vep T vop) = 7%2(=328.6 + 325) =—-1.80 m/s,
down: V3 gyerage = %V + Vo) = ¥(~328.6 + —325) = 326.8 m/s .

This results are different because the first bullet, which is shot upwards, takes much longer to complete the same
displacement than does the second bullet.

We could have also calculated the average velocity from

up: V1 average = M/t =—120m /66.6 s =—1.80 m/s
down: V) gyerage = AV/t) =—120m /0.367 s = 326.8 m/s .

Both methods give exactly the same results!

To find how far the first bullet rose, we know that at the top v, = 0 as it is turning around. We can use the
formula 2aAy = (vﬁ2 — (vo)z . Rearranging yields

Ay = [(v)? — (vp)*]/2a = [(0)*~(+325)°] / (2x-9.81) = 5384 m .
So the first bullet rose 5384 m

The bullet will have to return down this 5384 m, to the total distance travelled by the first bullet is

d=5384m +5384m + 120m = 10887 m = 1.09 x 10° m.

A person in a building is 12.0 m above a person walking below. She plans to drop a water balloon on him. He is
currently walking directly towards a point under her at 2.75 m/s. How far away should he be when she drops the
balloon if she is to hit him?

A welHabeled sketch usually helps make the problem clearer.

halloon

Ay
s

?'ﬂ ﬁX L

Next, we list the list the given information and the unknowns for the person and the water balloon:

person balloon

Vo= Vp =2.75 m/s Vo = 0 (assuming it starts from rest)
VE= V) ve="?
Ax=7 Ay=-12m
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ay=0 ay =-g=-938l m/s?
t="2?

Note that I have taken the directions up and to the right as positive and that the signs are explicitly stated. It is a
very common source of error to leave out or to not consider the signs of directions of all vector quantities.

The common element to the balloon and the person is the time, t, each is in motion. Examining the balloon column
we see we can use the equation Ay = vt + Yat? to find t. When we substitute in the numbers and rearrange to
find t, we have

t = [=2Av/a]” = [-2(-12)/(-9.81)] " = 1.564 s.

We choose the positive, forward in time, solution so the balloon take 1.564 s to fall. With this mformation, we use
the equation Ax = vt + Yat? to find out how far away the person has to be,

Ax = vt + %at®> = 2.75 m/s x 1.5645=4.30m .

The person should be 4.30 m away when the ball is dropped.

Chase Problems

A red car is stopped at a red light. As the light turns green, it accelerates forward at 2.00 m/s?. At the exact same
instant, a blue car passes by traveling at 62.0 kmv/h. When and how far down the road will the cars again meet?
Sketch the d versus t motion for each car on the same graph. What was the average velocity of the red car for this
time interval? For the blue car? Compare the two and explain the result?

To solve this problem, we list the list the given information

Red Car Blue Car

Vored = 0.0 /s VO blue = 02.0 knvh = 17.222 m/s
a,eq = 2.00 my/s? ap e = 0 m/s? (constant velocity)
AXreq =7 Axpiye =7

tred =7 toue =7

This is an example of a two—body constrained kinematics problem. Even if a sketch was not explicitly required,
we would need one anyway to get the constraints. For the sketch, recall that on a d versus t curve an object
moving forward with a uniform acceleration should be represented by a line curving upwards while an object with
constant forward velocity is represented by a straight line with a positive slope.
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Looking at the sketch, we see that our constraints are:

AXred = AXppe (1), and
tred = olue 2).

To solve the problem, we must find the kinematics equation that contains the known quantities, v and a, and the

unknown quantities, Ax and t. Examimning our equations we see that we can use Ax= vyt + sat2. We substitute this
equation nto both sides of equation (1). This yields,

2_ 2
Voredtred T 728red(tred)” = Vo bluetblue T 28blue(tblue) ™

We then use equation (2) to replace t,oq and ty,c by t,
VeDela;0 redt + Yoredt” = Vo bluet + Y8bluct”
Plugging in the values of the given quantities yields,
14(2.00)t2= 17.2t.

The solution of this equa&Delta;tion is t = 17.222 seconds. This is the time that elapses before the two cars meet
again.
With a value for t, we can find how far down the road the red car has traveled;

AXred = Vo redt + Vreqt> = ¥4(2.00)(17.2)> =297 m.
As a check, we can find how far down the road the blue car has traveled;

AXpiue = Vobluet T Yapet’ = (17.2)(17.2) =297 m.

So the cars meet 297 m down the road.
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According to our definition of average velocity, Vayerage red= AXred/t = (297 m)/(17.2 8) = 17.2 my's. Since the
blue car maintains a constant velocity, Vayerage biue™ V0 blue = 17.2 1v's. The two quantities are the same since the
two cars have traveled the same distance in the same amount of time.

A bicyclist travelling at 8.0 m/s passes a napping dog. Startled, the dog barks for three seconds and then gives

chase accelerating at 2.2 m/sZ. How far from her initial position does the dog catch up with the bicyclist? How
long did this take? What is the dog's velocity when she catches the bicyclist? Her average velocity for the entire
chase? Compare this to the bicyclist's average velocity.

To solve this problem, we list the given information

bicyclist dog

Axp =7 Axg="?

Vop = 8.0 m/s Voq = 0 m/s
Vi, = 8.0 m/s  (assuming constant velocity) Vig = 7 m/s
a, =0 (assuming constant velocity) ag = 2.2 m/s>
t, =2 tg="?

This is an example of a two—body constrained kinematics problem. Even if a sketch was not explicitly required,
we would need one anyway to get the constraints. For the sketch, recall that on a d versus t curve an object
moving forward with a uniform acceleration should be represented by a line curving upwards. An object with
constant forward velocity is represented by a straight line with a positive slope.
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Looking at the sketch, we see that our constraints are:
Axp = Axq (1),

and



t,=tq +3 ().

To solve the problem, we must find the kinematics equation that contains the known quantities, v and a, and the

unknown quantities, A x and t. Examining our equations we see that we canuse A x = vyt + Yat?. We substitute
this equation mto both sides of equation (1). This yields,

Vol + Bap(ty) = vogty + Yaglty)’
We then use equation (2) to replace ty by tand t,, by t + 3,
Vop(1+3) + Yap(t+3)7 = vyt + Yayt’.
Plugging in the values of the given quantities yields,
8(t+3) = 1(2.20)F .
This gives a quadratic equation
L1062 -8t-24=0.

The solutions of this equation are t = 9.556 s and t =—2.283 seconds. The solution that we are looking for is the
positive, future, value. So the boy has been travelling for

t, =9.556 s +35s=12.556 s

while the dog has run for
t4=9.556s

With a value for t, we can find how far down the road they have gone;

Axp, = vopty + Yap(tp)? = (8 m/s)(12.556) = 100.45 m.
As a check, we can find how far down the road the dog has traveled;

Axg =vogt + lhagt? = %(2.2 m/s?)(9.556)° = 100.45 m.
So they meet 100.45 m down the road.
With the given and calculated information, we find the final velocity of the dog to be

Var=voqtagt =0+ (2.20 m/s)(9.556 s) = 21.02 m/s .

According to our definition of average velocity, Vayerage d = A%/t = (100.45 m)/(9.556 s) = 10.51 nvs. This is
faster than the bicyclist’s constant speed since the dog has to overcome the bicyclist’s head start.



25. A speeding motorist traveling down a straight highway at 110 km/h passes a parked patrol car. It takes the police
constable 1.0 s to take a radar reading and to start up his car. The police vehicle accelerates from rest at 2.1

m/s. When the constable catches up with the speeder, how far down the road are they and how much time has
elapsed since the two cars passed one another?

Vo police = 0.0 /S, Vo gpeeder = 110 kivh=30.556 mv/s

apolice = 2-00 s’ aspeeder = 0 my's? (constant velocity)

AXpolice = ? AXspeeder = ?

toolice = 7 tspeeder = 7
This is an example of a two-body constrained kinematics problem. We need a sketch to get the constraints. For
the sketch, recall that on a d versus t curve an object moving forward with a uniform acceleration should be

represented by a line curving upwards while an object with constant forward velocity is represented by a straight
line with a positive slope.
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Looking at the sketch, we see that our constraints are:
AXgpeeder = AXpolice (1), and

tspeeder = tpolice T 1 2)..

To solve the problem, we must find the kinematics equation that contains the known quantities, v and a, and the

unknown quantities, Ax and t. Examming our equations we see that we can use Ax = vt + Ysat?. We substitute
this equation into both sides of equation (1). This yields,

2 _
speeder'speeder 1/2a'speeder('[speeder) ~ V0 police &lt;p&gt;&lt;sup&gt;&lt;sub&gt;&lt;sub&gt;&lt;subolice+
A\ dert der T
2
1/zalpolice(tpoljce) .

We then use equation (2) to replace tspeeder by tpolice + 1,
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V0 speeder (tpolice +D+ 1/2aspeeder(tpolice + 1)2 =V POﬁcetpolice + Yaapolice (tpo]ice)z-
Plugging in the values of the given quantities yields,
(30.556) tpotice + 1) = Y2(2- Ditpolice) ™

This is a quadratic n tice. Solving the quadratic yields, tqjice = 30.07 seconds. It takes the police constable
30.1 s to catch up with the speeder. The speeder was traveling for 31.1 s.

With a value for t,}ice, We can find how far down the road the police car has traveled;
AXpolice = V0 policetpolice T 1/Za'police(tpolice)z = (2. 1)(30~07)2 =949 m.
As a check, we can find how far down the road the speeder’s car has traveled;

Axgpeeder = VO speeder (tyolice T 1) + Y285peeder(tpolice T 1)2=30.556 x 31.07 = 949 m.

So the cars meet 949 m down the road.

Two balls are thrown upwards from the same spot 1.15 seconds apart. The first ball had an initial velocity of 15.0
m/s and the second was 12.0 m/s. At what height do they collide?

To solve this problem, we list the list the given information

vo1=15.0m's Voo = 12.0 s
a;=-9.81 m/s2 a,=-9.81 m/s>
Ay, =? Ay, =?

t =2 thy="?

This is an example of a two-body constrained kinematics problem. We need a sketch to get the constramnts. For
the sketch, recall the shape of the d versus t curve for an object thrown up into the air - a parabola.
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Looking at the sketch, we see that our constraints are:
Ay;=Ay, (1), and&lt;p&gt; &lt;sup&gt; &lt;sub&gt; &lt;sub&gt; &lt;sub
1=t +1.15 (2).

To solve the problem, we must find the kinematics equation that contains the known quantities, v and a = -g, and

the unknown quantities, Ay and t. Examining our equations we see that we can use Ay = vt - 1/2gt2. We substitute
this equation mto both sides of equation (1). This yields,

vorty - Vag(ty)* = vota - Vag(tr)*.
We then use equation (2) to replace t; by t, + 1.15,
Voi(th + 1.15) - Yag(ty + 1.15)2 = vty - Vag(ty)?.
This reduces to
1.15vg; + Voutp - Yg [to% + 2.30t, + 1.3225] = vyot, - Yog 1.
Upon rearrangement this becomes
(Vo1 - Voo - 1.152)t2 = -(1.15vp; -0.66125g).
Thus t, = 1.2997 s, and t; = 2.4497 s. Now that we have the time that each ball is in the air, we can now find h
h= vy t; - Yag(t)? = (15.0 x 2.4497) - 14g(2.4497)> =7.31 m,
and double-checking our result

h= vty - Yg(ty)? = (12.0 x 1.2297) - ¥%g(1.2297)*=7.31 m.



So the balls collide when they are 7.31 m in the air.

27. Two cars are separated by 75 km of straight highway. They both head toward each other at the same time. Car
A travels at a constant 45 km/h and car B travels at a constant 65 km/h. How long after they start do they pass
one another? How far from car A's starting point do they pass one another?

To solve this problem, we list the list the given information.

voar =—45kmh  (down highway) vgg = +65.0

s km/h
ap =0 constant

A i ( ap = 0
velocity) ,
Axp =7, Axg="7?
tA =? . tB =7

This is an example of a two-body constrained kinematics problem. We need a sketch to get the constraints. For
the sketch, recall the shape of the d versus t curve for an object moving at constant velocity - a tilted straight line.

To solve this problem, we list the list the given nformation

£ Y

d

75

|
AX The intersection

| of the two lines is

4 where they meet

AXp

Looking at the sketch, we see that our constraints are:

AXB — AXA =175 (1), and

tA = tB (2)

Note that Ax, is pomnting downwards meaning that the vector is negative.
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To solve the problem, we must find the kinematics equation that contains the known quantities, v and a, and the
unknown quantities, Ax and t. Examming our equations we see that we can use Ax = vt. We substitute this
equation mto both sides of equation (1). This yields,

VOBtB — VOAtA =15.

We then use equation (2) to replace tp by tg,

VOBtb — VOAtB =175.
Plugging in the values of the given quantities yields,
65tg — (—45)tg =75.

This yields tg = (75 km)/(110 knv/h) = 0.682 hours. Each vehicle has been travelling for about 41 minutes when
they pass one another.

With a values for tg and t,, we can find how far down the road the vehicle A has travelled,;
Axp = vppta = (45 kmvh) x (0.682 h) =—-30.7 km.
Car A is 30.7 km from where it started.
As a check, we can find how far down the road car B has travelled;
Axg = vpgtg = (65 knvh) x (0.682 h) = 44.3 km.

The cars have travelled 75 km as required.

In short sprints, runners can be assumed to maintain constant speeds. In a practice run, runner 1 whose speed is
11.0 /s, starts the race 5.0 m behind runner 2 whose speed is 10.5 mv/s. Despite the headstart, runner 1 wins the
race by a distance of 1.0 m.

(a) Provide a neat sketch of the position versus time graph for the runners.

(b) How long did the race last?

(c) How far did each runner travel?

To solve this problem, we list the list the given information
Vo1 = 11 mv/s Voo = 10.5 m/s
a;=0 (constant velocity) a, =0
Ax;=? Axy =7

tl =9

This is an example of a two-body constrained kinematics problem. We would need a sketch to get the



constraints even if it wasn’t asked for. For the sketch, recall the shape of the d versus t curve for an object
moving at constant velocity - a tilted straight line.
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Looking at the sketch, we see that our constraints are:
AXj=Axp+5m+1m (1), and
=1 2).

To solve the problem, we must find the kinematics equation that contains the known quantities, v and a, and the
unknown quantities, Ax and t. Examining our equations we see that we can use Ax= vyt. We substitute this
equation into both sides of equation (1). This yields,

Vo1t] = vootp + 6.
We then use equation (2) to replace t, by t;,
Voit1 — Voat1 = 6.
Plugging in the values of the given quantities yields,
11t; — 10.5t; = 6.
This yields t; = (6 m)/(0.5 mv/s) = 12.0 s. Each runner has been travelling for 12 seconds.
With a value for t; and t,, we can find how far down the road the runner 1 has travelled;
Ax) =vpit; = (11 mvs) x (12 s) =132 m.
Runner 1 covered 132 m.

Runner 2 has travelled;



Axy = vty = (10.5 m/s) x (12 s) = 126 m.

Note runner 1 has travelled 6 m more than runner 2.

Questions?mike.coombes@kwantlen.ca
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