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Physics 1120: 1D Kinematics Solutions

1. Initially, a ball has a speed of 5.0 nv/s as it rolls up an incline. Some time later, at a distance of' 5.5 mup
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 well-labeled 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= -1.5m/s
AX=45.5m
a=7?

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 24 — v; - vuﬂ . Rearranging this equation to find a

yields 4 "’_? - vy _ (‘15me}2 — (5.0, 5}’ 5 06%m /52 . Notice that the acceleration is negative.
2hx 2% S '

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.
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The average velocity is defined Mty
va.vemge - o

= 1.?5mfs'

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

equations we see that we canuse , _ Vo TV ;- Rearranging this equation to find t yields
2
abx
= =3143s-

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

Vo= 1+5.0 m/s

v3=0m/s This is our new final velocity
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 initial 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 can use
9 afhr = vf;. _ V§ . Rearranging this equation to find x yields

2 2
Ve Yo _ (Oomfs)* — (50mfs)” — 6.04,, - Notice that this value is bigger than the original 5.5 m
2a 2x(-2068mfs®y

and is consistent with the sketch, i.e. the ball was farther up the incline when it turned around.

Ax=

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
Vv, =V, tat- Rearranging this equation to find t yields , — Vi~V _ (Osmefs) — (5.0rafs) _549s
.:z — 2.068m/fs*

.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 bullet in a rifle accelerates uniformly from rest at a = 70000 m/s%. Ifthe velocity of the bullet as it leaves
the muzzle is 500 mv/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 speed of the bullet?




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

vo = 0.0 m/s since the bullet is initially at rest

ve= 500 m/s velocity of the bullet as it leaves the barrel
a=70,000 m/s

Ax=7? the length of'the barrel

t="? 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.
Examming our equations we see that we canuse 5,4, — vi — vuﬂ . Rearranging this equation to find a

v; =V (500mfs)’ = (0.0mfs)’

yields . _ _
S 2 % 70000 mfs”

=17%n"

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. Examining our equations we see that we can use 1 § =V at

~Vy (500mfs) — (0.0mfs) _

Rearranging this equation to find t yields , _ i _ —71%10%s-
P 70000 AR
The average velocity is defined Voroege = Va ';V}’ _ Osefa +2500m,.’s _ 250mfs

. Ared car is stopped at a red light. As the light turns green, it accelerates forward at 2.00 m/s2. At the
exact same instant, a blue car passes by traveling at 62.0 km/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 mterval? 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 m/s Vo blue = 02.0 knvh = 17.222 nv/s
areq = 2.00 /s’ apjue =0 ny's? (constant velocity)
AXpeq="? AxXppge = ?

tred =7 toue = ?

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 = AXblue (1), and

tred = tolue (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 + Vsat2,
We substitute this equation nto both sides of equation (1). This yields,

Voredlred T 1/Zalred(tred)2 = Vobluelblue ™ 1/zalblue(tblue)z-
We then use equation (2) to replace t.q and ty,e by t,
Voredt * Yoredt” = Vo biuet  %abluct”
Plugging in the values of the given quantities yields,

14(2.00)t%= 17.2t.

The solution of'this equation 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 = V0 redt + Yoapeqt® = ¥2(2.00)(17.2)> = 297 m.
As a check, we can find how far down the road the blue car has traveled;

AXplue = V0 bluct + Voaplyet® = (17.2)(17.2) =297 m.



So the cars meet 297 m down the road.

According to our definition of average velocity, Vayerage red™ AXped/t = (297 m)((17.2 s) = 17.2 mys.
Since the blue car maintains a constant velocity, Vayerage blue™ Vo blue = 17.2 mv's. The two quantities are
the same since the two cars have traveled the same distance in the same amount of time.

. 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/s2. 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?

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

Constable Motorist

V0 police = 0.0 my/s Vo speeder = 110 kimvh=30.556 nv's
Apolice = 2.00 m/s? aspeeder = 0 m/s? (constant velocity)
AxXpolice = ? AxXspeeder = ?

tholice =7 typeeder = 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:

AXspeeder - AXpolice (1), and



tspeeder = tpolice T 1 2)..

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

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

2_ 2
Vo speedertspeeder + 1/2aspeede:r(tspeeder) =V policetpolice + 1/Zapolice (tpolice) .

We then use equation (2) to replace typeeder bY thotice + 1>

V0 speeder (tpolice +tD+ 1/23speeder(tpolice + 1)2 = Vo policelpolice ™ 1/Zapolice (tpolice)z-
Plugging in the values of the given quantities yields,
(30.556)( tholice + 1) = 5(2.1)(tpotice)

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

With a value for t,,j;ce, We can find how far down the road the police car has traveled;

AXpolice = V0 policelpolice ™ 1/2apolice (tpolice)2 - 1/2(2-1)(30-07)2 =949 m.

As a check, we can find how far down the road the speeder’s car has traveled;

AXspeeder =~ VO speeder (tpolice +D+ 1/2‘51speeder(tpolice + 1)2 =30.55631.07 = 949 m.

So the cars meet 949 m down the road.

. A ballis thrown up into the air with an mitial velocity of 12.0 m/s. How long will it be i air before it
returns to its starting height? To what maximum height will it rise?

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

Vo= 12.0 m/s veloctity as it leaves the hand

Viop = 0 Vs since it turns around

vp=-12.0 s symmetry says it must 'have this value when it
returns to the same height

a=-9.81 m/s only gravity is acting

Ay=0 since it returns to the same height

toir =7 the time it takes for the entire trip



tup = tdown = 2tair = ? symmetry requires this
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We have lots and lots of information from symmetry. To find t;;, choose the kinematics equation that has t
and the known quantities v, v, and a, that is ve= vt at,;. Solving yields t,;. = (v¢- vp)/a = (-vg-vo)/(-g)
= 2vy/g = 2.4465 seconds. Hence ty, = tgown = 1.2232 s.

To find h, choose the kinematics equation that has Ay (h is a displacement) and the known quantities vy,
Viop> and a, that is 5, Ay=vi — "’uz . Upon rearrangement, this yields h= Ay = (VO)Z/g =7.34 m.

top

. A ballis thrown up into the air and returns to the same level. It is in the air for 3.20 seconds. With what
mitial velocity was it thrown? How high did it rise?

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

vo=" velocity as it leaves the hand
Viop = 0 m/s since it turns around
symmetry says it must have this
Vr= -V value when it returns to the same
height
a=-9.81 m/s only gravity is acting
Ay=0 since it returns to the same height
tar =3.20's the time it takes for the entire trip

tup = tdown = 2tair = 1.60's symmetry requires this
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We have lots and lots of mformation from symmetry. To find v(), choose the kinematics equation that has
voand the known quantities, vi= -vj , t,; and a, that is vg = vt at,;.. Eliminating veyields -vy= vq - gtajr-
Rearranging gives vy = gt,;/2 = 15.7 mys.

To find h, choose the kinematics equation that has Ay (h is a displacement) and the known quantities vy,
Viop, and a, that is 5, Ay = vf _ 1,3 . Upon rearrangement, this yields h= Ay = (Vo)z/g =12.6 m.
op

. Two balls are thrown upwards from the same spot 1.15 seconds apart. The first ball had an mnitial velocity
of 15.0 nv/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

Ball #1 Ball #2

Vo1 =15.0 m/s Voo =12.0 m/s
a;=-9.81 m/s? a,=-9.81 m/s?
Ay, =? Ay, =7

ty="? ty="?

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 ofthe d versus t curve for an object thrown up mto the air - a

parabola.
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Looking at the sketch, we see that our constraints are:
Ayl = AYZ (1), and
t;=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 = vyt -

l/2gt2 We substitute this equation into both sides of equation (1). This yields,
Vorti - Yag(ty)* = votp - Yag(ty).

We then use equation (2) to replace t; by t, + 1.15,

Vor(to+1.15) - Yag(ty+1.15)2 = vty - Yag(ty).
This reduces to

1.15vg + Vorty - Yagl(ty)? +2.30ty +1.3225]= vty - Yog(tr).

Upon rearrangement this becomes

(Vo1 - Voo - 1.15g)th = -(1.15v(; -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=vyt; - Yg(t))? = (15.0)(2.4497) - %g(2.4497)2=7.31 m,
0141 1

and double-checking our result



