Open-Access

PHYSICS FOR THE
LIFE SCIENCES

Solution Manual

X
CXOX>
K

Created by WebStraw

WS




Physics for the Life Sciences — Momentum Solutions

Introduction:
Dear student,
Thank you for opening this solution manual for the Momentum chapter of the Physics for the Life Sciences

Question Manual. This resource has been created by members of the Education Team at WebStraw who have
previously taken an introductory university physics course.

Purpose:

This resource is meant to supplement the Physics for the Life Sciences Question Manual, by providing
solutions to select questions. To access the full question manual, please click here.

Instructions

We recommend first trying to complete the problems in the question manual on your own. If you get stuck,
you can use this resource to view the solution provided by one of our Education Team members. Once you are
confident you understand how to solve that question, we recommend solving additional related problems in
order to successfully master the topic.

Disclaimer
This resource assumes that you have a basic understanding of key concepts related to the Momentum unit in
physics. If you are looking to improve your understanding of specific physics content, check out the additional

resources provided at the end of the question manual.

Note: There may be more than one correct method to solve some of the problems outlined in the question
manual. Thus, the solutions provided may not represent the only acceptable solution.

If you have any comments or feedback regarding this resource or the solutions contained in it, please do not
hesitate to contact us at team@webstraw.ca

We wish you the best of luck on your learning journey!

- The WebStraw Education Team



M1. Recall that, in a completely inelastic collision, two colliding objects stick together and

continue moving in such a way as to conserve momentum.

V=0

/
[mm]— v,

If a moving body of mass m were initially travelling to the right at speed v, its kinetic

1, . .
energy would be equal to Ek=7mv‘ and its momentum would be equivalent to p = mv.

A completely inelastic collision with a stationary body of equal mass m will
result in a new moving body of double the initial mass. That is, 2m. Since momentum
must be conserved, the speed of motion following the collision must be half of its initial

value.

Pr= P2
mv, = m,V,
mv = (2Zm)V;
V, = v

V, =

Substituting the new mass and speed into the equation for kinetic energy, it can be seen

that:
o Stk
E | = 2 my
E = ~ 2m)(3V )*
2" 2 Therefore, 50% of the kinetic energy
2
E, = .ZL 2)(m) (_) (v*) originally contained in the moving
2 ) body of mass m will be lost after it
Ez - ? Z my ) collides with a stationary body of
' equal mass.
2 2




M3. Let one baby have mass m,. This baby is initially moving at speed v. Momentum is
conserved after a completely inelastic collision with a second baby of unknown mass,

m;. Their final speed is v/4.
For baby of mass m,:

m,V - (m|"' my) TV{

L, m./V" (ml-r mZ)/V

‘im, = m+m,

m, = 3m,

Therefore, the ratio of the two babies masses is 3:1.

MS. Since this is an elastic collision, both kinetic energy and momentum are conserved. We
will need equations equating initial and final conditions for both.

V and M are both constants. The prime symbol (') indicates a final condition.
O a=r
MV - My ’
* m - M V| r 5” vz

MV - MV|) v 3MV2)
Vo= v *3v)

@ Ex = Ek2

2 0 ’
y MVT + 2w LMy« LY,
’Vl - V.)Z + 3Vz,z
From ® V=v>- 3y,

Vi’ =V-=3y,2



Therefore, ¥y = Y= 2
V

2
Sub into @ V= (V-3v)% + 34,7
2 2 )
Vi=AV-6Vy,’ + 9,2+ 3,2
0=12v%-6Vy,’

The marble of mass M will have speed V/2

M7.

V ko - 3 V back in the direction it came from, while
' 2 the marble of mass 3M will have speed
) | V/2 in the positive direction.
¥ e V wm/s
N

<\

Ve M

m

Kinetic energy is a scalar quantity that can never be negative. Even though the two
masses are moving in opposite directions (v and —v), kinetic energy is proportional to the
square of velocity and thus is always positive. Therefore, K > 0.

The total momentum is the sum of each mass’s momentum.

p=mv + m(-v)
p=mv—-—my

'0——'0

Since the two equal masses are moving at velocities equal in magnitude and opposite in
direction, their total momentum equals net zero. Therefore, p = 0.

The correct answer is thus b).




M09.

a) This collision is an inelastic collision. Since the bulldozer is so much more massive
than the Fiat, it is reasonable to assume that the Fiat sticks to the bulldozer and this is
how the Fiat becomes completely destroyed. This is a characteristic of an inelastic
collision, and it is accompanied with a loss of kinetic energy.

If the collision were elastic, then the bulldozer and Fiat would rebound and continue
moving in the opposite direction from which they came so that kinetic energy would be
conserved. This is very unlikely in realistic scenarios, including car crashes.

b) Impulse, J, can be calculated as the product of net force and change in time. The
bulldozer and Fiat can only impart a force on each other for the duration of time they are
in contact and this contact force must be equally imparted on both vehicles by Newton’s
third law. If the Fiat were to exert a force of 400 N on the bulldozer, then the bulldozer
would exert a reaction force of 400 N back on the Fiat. Therefore, it does not matter
which of the two vehicles is larger in mass or which moves faster; the car will give the
same impulse as the bulldozer gives it.

j= ap = Free A€

M11. Taking the right to be the positive direction,

|
—



P = P2

MV, ™ MV = my +m,V,
Qo xg) Vi + (4.0k90m/s) = (20 kg) (S m/s) + (40 kg)(-5.0m/$)

(20k) v, = Jop KM — 20 Kgm

(20kg) v, =80 g™
Vi = 4m/s

Therefore, the curling rock begins moving with a speed of 4 m/s.

M13.  Guwen: m,= 67K V,= 0 m/s
m,= 02 K3 V,= [l m/s

Pc = P2
myv, + m; Vo = (m,~+ m,_) V{:

(6Tkg)Comis) + (02kg(iimis) = (6Txgr 0.2kg) Vg
22 8% = (67.2x9) V¢

Vf: = 0.033 m/s

Therefore, the player will move with a horizontal

speed of
0032 m/S (33em7S) after catching the frisbee.

300 m/s®
5 s

MIb. Given: M = 0.005 kg a
V =2m/s at

0 n

® Initial momentum
Po= mV=(0005kKgd>(2m/$D>= 0.01 KL




@ _ap_
Ap = Fnet - at
ap= m-a- at
ap = (0.005 kg)(3.00m/s*)(5's)
ap = 0075 Kgm

® _final momentum
AP = Pz = i
P2 = 4PT P
pr = 0075 ¥+ 0.00 5
Pa T 0.085 xkgm
Y

P2 = 0.08 ™

- The plane's momentum as it exits the tunnel is

0.08 Ejg

- V=0

Mt Given: Ady = —2.5m -@

a, = —98mis* [\

= d |

Viy = 0mis 44y 1

m= 0.62559 L v
OJAS

o

V2_2=/Vl/i,1' Za.Ad.y

V. = 2(-98m/s?)(-25m)
Vo, = V49 m*/s*

Vz = 7.0 m/S




@ p=myv
p = (0.625 kg)(F0omlS)

= 4.4 kgm
P s
The ball’'s momentum as it yreaches the ym-buqd /s
4 b4 _j_ﬁsm .

Mlq iT/? % Given
LT m=ak
ll Ady='l‘I5m F’:my
: a:y =—48 m/s? FI = (qkj)(Om/S)
v
0L @ ap
O —3 —
V22= /V,/fw‘-Za,Ady AP: = P )
b peambonn 200
V, = 3822 m¥s = 9)(6l.825
V, = 61.82 m/S [down] ap= 556 4 :gsm
4P = 6x 0* sm [—downj

Therefore, the chair will experience an impulse of
bxlo* KgM rdown].

M21 M| | 5\/, Vz < mz




Given M= 1440 kg V= 144 km/h (40 m/s)

M, = 1350 Kg V,= 100 km/h (27.8 m/S)

Pi = P2
mv, + myVa = (m,+m,)V’
(1440 kﬂ)(‘to m/s) + (1350 K)(=218Ms) = (1440 kg + 1350 Kg) Vv’

20 070 B5" = (2170 1g) v’
V' =72 m/s

Therefpre, the cars are moving together at 72 m/s
o the ryht.

M23. O m, Giveh m,=450 kg
V|) - V'): 0 mls
» Vi"= —0.0024 m/s
O 7 =
"y m, = 3.2 Kg
V, = 0 mlis

0 0
M*Mz =my’ - myV,’
0 =(yso kg)(-0.0024m/s) + (32 57) v,”
0.108 %ﬁ =(32 Kﬂ) v,/

V, = 0.034 m/s

Therefore, the puck moves With a  velotity of 0.034 m/S
Arwards. That is, away from 7he boy.
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