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Chapter 1 Momentum and Impulse
Exercise 1 Momentum (page 12)
1. 11 p=mv

1.2 kg-m.s-1

1.3 Momentum is the quantity and direction.
The direction is in the same direction as the velocity.

2. 2.1 +ALARGE TRUCK (greater mass) moving slowly will have greater momentum than a small pickup

truck (smaller mass) moving at the same speed.

* ALARGE RUGBY PLAYER (greater mass) moving slowly will have greater momentum than a smaller
player (smaller mass) moving at the same speed.

* A CAR (greater mass) will have greater momentum than a motorcycle (smaller mass) moving at
the same speed.

2.2 + ABULLET (of 10 g) has a large momentum due to its velocity.
* A GOLF BALL hit by a golfer has greater momentum than a soccer ball.
* A CRICKET BALL hit by a cricket player has greater momentum than a tennis ball.

3. Momentum is the product of an object's mass and velocity.
Inertia is the resistance of an object to any change in its state of motion.
(The mass of an object is a quantitative measure of its inertia.)

4. 41 Yes. Momentum is a vector quantity with the direction of the momentum in the same direction as
the velocity - thus, both objects must have their velocity in the same direction.

4.2 No. p = my, therefore the product of mass and velocity, and can be the same for a wide range of values.

5. 5.1 2(24) = 48 kg-m-s-1 north (p a. v with m constant, if v doubles, p will also double)
5.2 4(24) = 96 kg-m-s-1 north (p o v with m constant, if v increases fourfold, p will also increase fourfold)
5.3 2(24) = 48 kg-m-s-1 north (p o m with v constant, if m doubles, p will also double)

5.4 (2)(2)(24) = 4(24) = 96 kg-m-s-1 north (p oo m and p a v, if both m and v double, p will become four
times larger)

5.5 (3)(*2)(24) = 36 kg:m-s~1 north (p e mand p a v, if m triples and v halves, p will decrease by 3/> times)

5.6 (3)(2)(24) = 6(24) = 144 kg-m-s~1 north (p oo m and p a v, if m triples and v doubles, p will become
six times larger)
5.7 (%)(2)(24) = 24 kg-m-s-1 north (p o m and p a v, if m halves and v doubles, p will remain the same)

6. double (p a. v with m constant. If v doubles, p will also double AND p o m with m constant. If m doubles,
p will also double).

7. 7.1 Vanker = (2)(3) = 6 m-s-1 in the direction of the goal line; vying = (3)(3) = 9 m-s-1 in the direction of
the goal line
7.2 Pprop = Mv = (120)(3) = 300 kg-m-s-1 in the direction of the goal line
Pfianker = MV = (90)(6) = 540 kg-m-s-1 in the direction of the goal line
Pwing = MV = (70)(9) = 630 kg-m-s~1 in the direction of the goal line
7.3 The wing has the greatest momentum.

8. 8.1 Take North as positive.

8.2 Take South as positive.

p=mv p=mv
= (2 000)(7.5) = (600)(0,04)
= 15 000 kg-m-s-1 North = 24 kgm-s~ South
9. 9.1 Take North as positive. 92 p=mv
p=mv m=2
p v
== _ 760
_ 24 %104 8
T T3x102 =99k
=70 m-s-1 north
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10. 10.1 Take West as positive.

10.2 Take West as positive.

pdog =mv pperson =myv
= _ Pperson
(30)(8) v=Po
=240 kg-m-s-1 West m
_ 240
70
= 3,63 m-s-1 west
11. 1.1 Take West as positive. 11.2
pcar =mv pdriver =mv
= (45)(3,5) =(55)(3,9)
=157,5 kg-m-s~1 West =192,5 kg-m-s~1 West
1.3 Pcar+driver = MV OR Pcar+driver = Pcar + Pariver
= (45 + 55)(3,5) =157,5 kg:m.s-1 +192,5 kg-m.s-1
=350 kg-m-s-1 West =350 kg-m-s-1 West
4 1141 Vegr = 3,5 m-s~1 West 1.4.2 Vyriver = 3,5 m-s~1 West
— —
" Pear = 157,5kg-m-s-1 West Pariver = 192,5 kg-m-s-1 West
4.3 Vear + driver = 35 m-s-1 West
-

Pcar + driver = 350 kg~m~s-1 West

12. Take North as positive.
pdog =mv
= (40 x 1 000)(2,5) Pmotor
=100 000 kg-m-s-1 North

metOl‘

= Pgog = 100 000 kg-m-s=1 North

=mv
_ Pmotor
m

_ 100 000

1500
=66,67 m-s-1 North

Exercise 2 Change in momentum (page 19)

1. Ap =mv; - my;

2. For ball A: Choose towards the wall as positive.

Vi =2v
m=m _
Vf=-V

App = mvg - my;
= (m)(-v) - (m)(2v)
=-mv - 2mv
=-3mv kg:m-s-1
. 3mv kg-m-s-1 away from the wall.

Ap, > Apg. Both have the same direction.

For ball B: Choose towards the wall as positive.
V=V
m=2m
vg=0m.s-1

>

Apg = mvg - my;
= (m)(0) - (2m)(v)
=0-2mv
=-2mv kg-m-s-1
. 2mv kg-m-s-1 away from the wall.

3. 3.1 For the bear: Choose downward as positive.
m=mjv;=vVv

ve=0m.s1
—

For the ball: Choose downward as positive.
m=m

Vi=Vv Vg =V



APpesr = MVf - MV, Apyyy = MVs - my; 6. Let towards the tennis player (to the right) be positive.

_ _ vi =20 m-s-1
= (m)(0) - (m)(v) = (m)(-v) - (M)(v) m = 0,085 kg E——
=0-2mv =-mv - mv <
=-mv kg-m-s-1 =-2mv kg-m-s-1 Vg =-25 m-s™
. mv kg-m-s-1 upwards .. 2mv kg-m-s-1 upwards
3.2 The Ap (change in momentum) of a moving object is greatest if the object is moving in the
opposite direction after a collision.
3.3 BeartAv=v;-v;=0-v=-v Ball: Av = v;-v;=-v-v=-2v 6.1 pi=my 6.2ps = mvs
The ball experienced the greatest change in velocity. = (0,085)(20) = (0,085)(-25)
- - - — - - - — =1,7 kg-m-s-1 towards the tennis =-2,125 kg-m-s-1
4. 4.1 Diagram A : Choose to the right as positive. Diagram B : Choose to the right as positive. player (to the right) 2,125 kg-m-s-1 away from the tennis
v;=18 m-s-1 vi=18mst player (to the left)
m=012kg — m=0,12kg > 6.3 Ap=ps-p _ ] _ ]
vs=0m-s-1 vf=-12 m-s-1 =-2125-1,7 6.4 pr=-2,125 kg-m-s- pi = 1.7 kg-m-s-
_ _ =-3,825 kg-m-s-1 < . _
Ap = mvg - my; Ap = mvg - my; ’ <
. .m-s-1 i Ap =-3,825 kg-m-s-1
= (0,12)(0) - (0,12)(18) = (0,12)(-12) - (0,12)(18) - 3.825 kgm-s al‘;"ag'rf(rmﬁ';‘f;ff)””'s P gms
=0-2,16 =-1,44-216 play!
=-2,16 kg-m-s-1 =-3,6 kg-m-s-1 7. 71 7.1.1 vjp= 10 m-s-1 Eastwards 7.1.2 vig =10 m-s-1 Eastwards
2,16 kg-m-s-Tto the left (away from the target) .. 3,6 kg-m-s-1 to the left (away from the target) 7.2 7.2.1 vip=-6 m:s~1 =6 m-s-1 Westwards 7.2.2 vg=-2m-s-1=2 m-s-1 Westwards
73 A
vi=18m-s-" ‘I vi=12m-st 7.4 7.4.1 Leteastward be positive. 7.4.2 pg = MgVig
m=0,12kg | PiA = MAViA = (5)(10)
_ = (5)(10) =50 kg-m-s-1 Eastwards
Ap =mvi - my, = 50 kg-m-s-1 Eastwards
=(0,12)(12) - (0,12)(18)
=144-2,16 7.5 7.5.1 pgp = mpvip 7.5.3 prg = MpVrg
=-0,72 kg-m-s-1 =(5)(-6) =(5)(-2)
».0,72 kg-m-s-1 to the left (away from the target) =-30 kg:m.s~1 =-10kg-m.s”1
.30 kg-m-s-1 Westwards ~.10 kg-m-s-1 Westwards
4.2 In Diagram B, the ball experienced the greatest change in momentum.
5. Let the original direction (to the right) of the motion be positive. 7.6 7.6.1 Dpp = pia - Pia 7:6:2 Apg = prs - Pi
=-30-50 =-10-50
3m-s-1 7 m-s-1 0 m-s-1 =-80 kg:-m.s™1 =-60 kg-m.s™1
_ .. 80 kg-m-s-1 Westwards .. 60 kg-m-s-1 Westwards
m =5kg ! .
5.1 .5 2 77
S1pp = my; - =-30 kg-m-s-1 A = 50 kg-m-s-1
i : (5)|(3) pr i r(?)’b) pfé g ' Pia g 1S
=15 kg-m-s-1 in the original direction of the - < - -
g motion (tg the right) =35 kg-m-s-1 in the original direction of the App = -80 kg-m-s-1
motion (to the right) 8. Let Eastward be positive.
53 Ap = Ps - Pj 54 ,
_ = .m-s-1 = .m-s-1 i '
=35-15 pi 15kgms: ps=35kg-m-s . : m=4kg : m=4kg
=20 kg-m-s-1in the o_riginal direc_tion of —1> : v, =12 m-s-1 vi=8m.s- i v;=8ms1 vi=-3m-s-1
the motion (to the right) Ap =20 kg-m-s . ! . : !
5.5 Ap = mvg - my; 5.6 : ;
= - =35 kg-m-s-1 i '
(5)(0) - (5)(7) P = 0 kgm-s1 —PIZ2K9 > 84 Ap = mve - mv. 8.2
=0-35 < -1 Ap = mvg - my; “ » _ »
= -35 kg-m-s-1 Ap = 35 kg-m-s-1 = (4)(12) - (4)(2) Pi=8kgmst pr=48kgmst
.35 kg-m-s-1 in the original direction of the =48-8 _
motion (to the right) =40 kg-m-s-1 Eastward Ap =40 kg-m-s-1
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8.3 Ap = mvg - my; 8.4
= (4)(8) - (4)(12)
=32-48
=-16 kg-m-s-1
.. 16 kg-m-s-1 Westwards

p; =48 kg-m-s-L ps=32 kg-nl-s-1

-
Ap = -16 kg-m-s-1

8.5 Aps= mvg - my; 8.6
= (4)(-3) - (4)(8) Pi=
=-12-32
= -44 kg-m-s-1
.44 kg-m-s-1 Westwards

—

-12kg-m-s-1 , Pi= 32 kg-m-s:1

A A

Ap = -44 kg-m-s-1

. Take the direction towards the plate (i.e., to the right) as positive.

m = 0,12 kg v;=20 m-s-1 1
| _o B>
Ap = -3,6 kg-m-s-1
D vg=?m-s1

9.1 -3,6 kg-m-s-1i.e 3,6 kg-m-s-1 away from the plate (in the opposite direction/to the left).
9.2  Ap=mv;-my,

-3,6 = (0,12)v¢ - (0,12)(20)

-3,6 =0,12v¢- 2,4

-1,2=0,12v¢

vg=-10 m-s-1

.10 m-s-1 away from the plate (in the opposite direction/to the left).

9.3 The bullet is now moving in the opposite direction to its initial movement.

10. Take the initial direction (i.e., downward) as positive.

Ap = mvg - my;
"“”‘9‘ 8= (1)~ (1)(5)
'8 = Vf - 5
-3 =Vt
v;=5m.s-1 vi=? m.s-1 vi=-3 m-s-1
.3 m-s-1in the opposite direction (upward)
A

Ap = -8 kg-m-s-1

Exercise 3 Newton's Second Law in terms of momentum (page 29)

11.Take the initial direction as Eastward.

m =1 205 kg

(&
i a=12,5m.s2
y=2021000 At=325s vi=?m.s1
=9,72 m-s-1
v = v+ alt Ap = mvg - my;
=9,72 + (12,5)(3,25) = (1205)(30,35) - (1 205)(9,72)
= 0,72 + 40,625 =23571,75-11712,6

= 30,35 m-s-1 Eastward =24 659,15 kg-m-s-1 Eastward

1.1.1 _Ap
Fret = A
1.2 The net (or resulting) force acting on an object is equal to the rate of change of momentum of the
object in the direction of the net force.
2. 2.1 Fpet o Ap with At constant
22 Fret o ;—t with Ap constant
3.31 p_ -Ap_mvi-myi_ m(0)-my; _-my
net = At At At At
-2mv
3.2 321 Fpet= TI = 2Fpet OR Fpet o m .. Fret new = 2Fnet
m(2v;
3.2.2 Fpet= (At i) = 2F et OR Fnet oV . Fnet new = 2Fnet
my;
3.2.3 Fnet =2_Atl = VaFnet OR Freta p = Fretnew = %sFnet
4. 4.1 Take the water flow to the right as positive.
12 kg-s-1=12 kg every 1 second, i.e., m=12kgandAt=1s
4 : _ » _ » Ap = mvg - my;
vi=0ms vi=20m-s = (12)(20) - (12)(0)
: =240-0
/& .. 240 kg-m-s-1 to the right
€ =
4.2 A
Fret = A_f
=240
1
=240 N in opposite direction of motion of the water
4.3 The net force must be 0 N since the fire hose remains stationary.
Fwater = 240, and therefore Frirefighter = -240 N.
A force of 240 N must be exerted in the direction of the water movement.
5.51

5.2

5.3

Force of the golf club
head on the ball

Force of the ball on..
the golf club head

Take Eastward as positive.

Ap = mvg - my;

\ - =(0,2)(30) - (0,2)(40)
i m =0,2 kg —: (R =6-8

% =-2 kg-m-s-1
v; = 40 m-s-1 v¢= 30 m-s1 . 2kg-m-s-1Westwards
E _A\pgolf club head
ball on golf club head = T
-_2
0,045
=-44,44 N

. 44,44 N Westwards
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5.4 The ball experiences an equal but opposite force.

A
Fret = A_:)
_ mvs - my;
At

- (0,05)v - (0,05)(0)
4444 = 0,045

vf = 39,996 m-s-1 Eastward

Pi

Ps g Ap
6.2 Take Eastward as positive.

v; =200 m-s-1

———>
m = 0,007 kg

At=1,18x10"s

vs = 140 m-s-1

6.3 A
Ap = mvg - my; Fret = T?
= (0,007)(140) - (0,007)(200) 042
=0,98-14 T 118 x10% 1éx10-4
=-0,42 kg-m-s-1 =-3559,32 N
0,42 kg-m-s1 Westwards -3 559,32 N Westwards
7.74 Ap b

» @

<

Ps
7.2 Take Westwards as positive.

<

m =1 000 kg

‘vf =15 m-s1

v;=5m-s-1
S\
net At
_ _mvi-my;
At
_(1.000)(15) - (1 000)(5)
10
=1 000 N Westwards
8. 8.1 Take Eastward as positive.
Car A CarB
m =700 kg m =700 kg
E | i ) I- = %‘f
v v=0m-s-1 > <
v _90 x 1000 v _90 x 1000 Ve = -28,8 x 1 000
i~ 73600 T 73600 f 3600
=25m-s-1 =25m-s-1 =-8 m-s-1

Ap = mvg - my;
= (700)(0) - (700)(25)
=0-17 500
=-17 500 kg-m-s-1
. 17 500 kg-m-s-1 Westwards

Ap = mvg - my;
= (700)(-8) - (700)(25)
=-5600- 17 500
=-23 100 kg-m-s-1
. 23 100 kg-m-s-1 Westwards

The Ap (change in momentum) of motor B (which moves in the opposite direction after the collision) is

greater than the Ap of motor A (which comes to a

stop during the collision).

PHYSICS

8.2 CarA
Ap

Fret = At

- -17 500
0,4

=-43750 N

.43 750 N Westwards

Car B
_Ap
Fret = At
_-23 100
0,4
=-57750 N
.57 750 N Westwards

The Fpet of car B (which moves in the opposite direction after the collision) is greater than the
Fnet of car A (which comes to a stop during the collision).

8.3 Vehicles coming to a stop will have a smaller change in momentum and therefore a smaller force

exerted on them.

9. 9.1 Take motion to the right as positive.

m = 0,2 kg
At=0,1s
I:yellow ball on white ball white ball yellow ball

Fwhite ball on yellgw ball

) OO

v;=0m-s-1 vi=4 m.§.1
Fo _Apyeliow ball
white ball on yellow ball _At_
- mvs - myv;
At
-(0.2)(4) - (0,2)(0)
0,1
9.2 =8 N to the right
P Pt 1 Pi »
< ] £
< 2
9.3
m = 0,2 kg Ap =
p = mvg - my;
ellow ball
y vi=4ms = (0.2)(-24) - (0.2)(4)
> =-0,48-0,8
=-1,28 kg-m-s-1
< . 1,28 kg-m-s-1 to the left
Vs =-(60% of 4 m-s-1)
=-2,4m-s-1
9.4
F épyellow ball
cushion on yellow ball = At—
_-1,28
T 0.2
=-6,4 N

6,4 N to the left

10. Take the initial direction to the right.
m = 0,5 kg

O V=6 ms-1

Vs = -(75% van 6 m-s-1)
=-4,5m-s1

Fwall on ball = -8 N

Fret = %)
mvs - mvj
~ Fwall on ball
(0,5)(-4,5) - (0,5)(6)

8
=0,66s
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11. Let the original direction (to the right) be positive.

Appal

Felub on ball = A

mvs - my;

Felub on ball = At

2500 = (0,047)vs - (0,047)(0)
1,2x 1073
3 =0,047vs
vi = 63,83 m.s-1in the original direction
(to the right)

p; =8 x 107 kg-m-s-1

Frocket on spacecraft = 2 x 106 N

F _ Apspacecraﬂ
rocket on spacecraft = ——
ps = ? kg-m-s-1 PP
Frocket on spacecraft = At !
= -8 x 107
At=10s 2x106=Pf -

20 x 106 = p¢- 8 x 107
ps =-6 x 107 kg-m-s-1
~pf = -6 x 107 kg-m-s-1 downwards

13. 13.1 Consider the downward movement of the ball as positive.

Al
m = 0,8 kg

vi= 15 m-s-1 iﬁ |v[ =-10 m-s-1

At=0,16s
13.2

E Appan
ground on ball At

=20
0,16
=-125N
.. 125 N upwards

Ap = mvg - my;
=(0,8)(-10) - (0,8)(15)
=-8-12
=-20 kg-m-s-1
.. 20 kg-m-s-1 upwards

14. 14.1 Take initial movement to the right as positive.

fc=1000 N . Fapplied = 3 000 N

14.2

Fret = Fapplied + (-fk)
=3000 + (-1 000)
=2 000 N to the right

A
143 Fpp =20
At = Ve my; Fret =2 000 N -
Fret vj=0,5m-s-1 m=5000kg v;=2,5m-s-1
(5 000)(2,5) - (5 000)(0,5) At=0,?s

2000
=5s

9 PHYSICS

144 = Lp Fret =4 200 N - 1000 N
netT oAt v=0,5ms1 m=5000kg v;=2,5m-s1
At = VE- MY At=7?s
Fret
_ (5000)(2,5) - (5 000)(0,5)
4200 - 1 000
=3,125s
15. 15.1 Take initial movement to the right as positive. 15.2 Fret=3 N -~
fk=15N F. = Fcos8 vi= 0m-s-1 m =5kg Vi = 87m.s-1
< . > At=?s
Fret = Fx + () Frot= -
=Fcos0 + (-1,5)
=9c0s60°-1,5 At = MMV
=45-15 Fret
= 3 N to the right - (5)@8) - (8)(0)
3
=13,33s
16. 16.1 N N Fy = Fsin®
...OR... F - Feoss
= Fcos!
fk fk < ad >
Fg Fapplied
16.2 Take initial movement to the right as positive. FQ
— _ 16.3
fk— lOO N Py Fx = FCOS:e Fnet =289,71 N
Fret = Fx + (-fi) vi=0ms1 m=25kg  y;=?ms1
= Fcos + (-100) At=20s
= 450 cos 30° - 100 Fret = %
=389,71-100
_ mvg-my;
=289,71 N to the right Fret=—pr
_(25)vf - (25)(0)
289,71 = 20
5794,2 = 25v¢

vi = 231,77 m-s-1 to the right

17. 171 T 17.2 Take upward motion as positive.

Fret= T+ (-Fg) Avi=54ms
=T-mg T E
=T-(1800)(9,8) 'm=1800 kg
=T-17640N 1At=85s

o Ap _mvi-my;

Fg et TR T At

1 4)- (1

T-17 640 _( 800)(5,8)5( 800)(0)

’ F
5,8T - 149 940 = 9 720 K

T =18 763,53 N upwards

v;=0m-s-1

PHYSICS 10



18. 18.1 Consider the downward movement as positive. 18.2 pf = mvg 20.3 Phase 1: vi =8 m.s-1 Phase 2: v =48 m-s-1

50k pi = mvj = (50)(-6) Ap = ? kg-m-s-1 Ap = ? kg:m-s-1
m = g = (50)(8) =-300 kg-m.s-1 m = 250 000 kg m = 150 000 kg
=400 kg-m-s-1 upwards .. 300 kg-m-s-1 upwards -8 »
v;=8 m-s-1 ‘ V¢ = -6 m-s-1 vi=0m-s-1 vi=8m-s
184 185 F i Apgymnast Ap = mvg - my; Ap = mvg - my;
Firampoline trampoline on gymnast = xy = (250 000)(8) - (2 500)(0) = (150 000)(48) - (1 500)(8)
_-700 =2 x 106 kg-m-s-1 upwards =6 x 106 kg-m-s-Tupwards
18.3  Ap=ps-pi 0,7
=-300 - 400 ~ =-1000N Exercise 4 Impulse (page 46)
=-700 kg-m-s~1 ~+ 1000 N upwards 1. 1.1 Impulse is the product of the net (resultant) force acting on an object and the time during which
.. 700 kg-m-s-1 upwards the net force acts on the object.
Fg 1.2 Vector quantity
. " 1.3 Impulse = N-s and momentum = kg-m-s-1
19. 19.1 Consider the downward movement as positive. 19.2 Frett = Ap N-s = kg-m-s-2 x s = kg-m-s-1
Faiving board m =70 kg Ap = Fdiving bord on LindaAt 2. 2.1 Impulse is equal to the change in momentum (Impulse = Ap).
p; = 560 kg-m-s-1 =(-2436)(0,8) If the impulse increases, the change in momentum will also increase.
=-1948,8 kgm-s~" 2.2 The force (of the impulse) required to bring the glass to a stop depends on Ap and At.
e ——] At=08s .1 948,8 kg-m-s-! upwards In both cases, the glass hits the cement floor and mat with the same velocity and momentum.
’ To come to a stop, the momentum must change to zero. In both cases, the glass experiences the
Eoi ) same change in momentum and impulse. By falling on the mat, the time (At) during which the
F _d"’é”f‘gg’?\lo” Linda momentum changes is increased." According to Fnet = Ap/At, the force (Fnet) exerted by the
9 o mat on the glass will be smaller, and consequently, the glass will not break. When the glass falls
on the cement floor, the time (At) is short, and the force acting on it is large for the same change
19.3 Ap = ps - pj in momentum and impulse, causing the glass to break.
Ap =mvg - p; 2.3 The clay will exert the greatest impulse on the wall if it bounces back. When the final velocity is in
-1948,8 = (70)v¢ - 560 the opposite direction of the motion, the change in momentum is the greatest, and therefore, the
-1388,8 = 70v; impulse will be the greatest.
vi=-19,84 m-s-1 3. 3.1 Car A has the greatest acceleration. The change in speed (Av) for each car is the same.
. 19,84 m-s-1 upwards (They start with the same speed and each ends with a zero speed.)
However, Car A achieves this change in less time. a = Av/At, so car A accelerates the fastest.
20. 20.1 Consider the upward movement as positive. 20.2 Fapplied = 2.2 106 N 3.2 The change in momentum is the same for each car. The change in speed for each car is the

same (they start with the same speed and end with zero speed), and the mass of each car is
the same. Ap = mv; - mv; = mAv, Both have the same v; and v;. Therefore, the change in
momentum is the same for each car."

3.3 The impulse is the same for each car. The impulse is equal to the change in momentum. If the
change in momentum is the same for each car, the impulse must also be the same.

3.4 A. The time it takes to stop is the shortest for A. (Impulse = FoAt).

Fapplied =2,95 x 106 N

Fq=mg
g .
Fg=mg = (150 00)9,8) 4. 41 gasEA has Ehe greatfst chan_ge in speed.
_ VA—Vf-Vi—(-4)-5—-9m-S1
= (250 00)9,8) =1,47 x 106 N Avg = Vi- ;= (0) - 5 = -5 m.s-1
= 6
Fo = |2:'45_X 1_0(_;\1) Frot = Faosiied + (-Fo) 4.2 The impulse is the greatest for Car A. The impulse is equal to the change in momentum.
net = " applied 9 net = ” applied 9 If the acceleration in momentum is the greatest for Car A, then the impulse must also be.
=2,95x 106-2,45 x 106 N =2,22 x 106 -1,47 x 106 N 43 7200
=500 000 N upwards =750 000 N upwards 5 .L YT >
= 5 - 5 .+ LargestAv in diagram 2.
(=5 10> N upwards) (27,5 x10° N upwards) The change in speed is the greatest in case B. The speed changes from +30 m-s-1 to -28 m-s-1.
20.3 Phase 1: Phase 2: This is a change of -58 m-s-1 and is greater than in case A (-15 m-s-1).
vi=?m-s-1 Vi = v+ alt vi=?m-s-1 Vi = v+ ait « Largest a in diagram 2.
Acceleration depends on the change in speed, and the change in speed is the greatest in case B
At=4s =0+ (2)(4) At=8s =8+ (5)@8) (25 mentionsd above)” geinsp geinse 9
a=2ms2 =8 m-s-1 upwards a=5ms2 =48 m-s-1 upwards
v;=0m-s-1 v;=8 m.s-1

11 PHYSICS PHYSICS 12



« Ap is the largest in diagram 2.

The change in momentum depends on the change in speed, and the change in speed is the greatest

in case B (as mentioned above).

* FhetAt (impulse) is the largest in diagram 2.

Impulse is equal to the change in momentum, and the change in momentum is the largest in case

B (as mentioned above).

6. 6.1 6.1.1 Both the same

6.1.2 Both the same 6.1.3 Both the same 6.1.4 Golf ball

6.2 6.2.1 Boththe same 6.2.2 Both the same 6.2.3 Both the same 6.2.4 Lady
6.3 6.3.1 Boththe same 6.3.2 Both the same 6.3.3 Both the same 6.3.4 Both the same
[6.1.2 The same force and the same contact time between the two objects are also the same.]

6.1.4 The golf ball has the smallest mass]

[

[6.2.2 The same force and the same contact time between the two objects are also the same.]

[6.3.4 The two balls have the same masses, and frictional force is ignored, so the moving ball will
transfer all its energy to the stationary ball. The stationary ball will start moving with the same
speed as the moving ball before the collision, and the initially moving ball will now come to a

stop.]

7. 7.1 Consider motion to the right as positive.

m =1 000 kg
Frnet=2 000 N
At=10s
Fret = ma
2000 = 1000a

a =2 m-s2to the right

7.5 Ap = mvg - p;
20 000 = (1 000)v¢ - (1 000)(0)
20 000 = 1 000v¢
vs= 20 m-s1 to the right

7.6 Ap =mvg-my;
=(1000)(20) - (1 000)(20)
=0 kg-m-s-1

7.8 Ap = mvg-my;
= (1 000)(0) - (1 000)(20)
=-20 000 kg-m-s-1
.20 000 kg-m-s-1 to the left
7.10 vi=v;+ alt
0=20+a(4)
a=-5m-s—2
.. 5 m:s-2to the left

7.2 FretAt = mAv
(2 000)(10) = 1 000AV
Av =20 m-s-1to the right

7.3 Impulse = F At
=(2000)(10)
=20 000 N-s to the right

7.4 Ap =Impulse
=20 000 kg-m-s-1 to the right

7.7 Impulse = FpeAt
= Ap
=0N-s

7.9 Impulse = Fpeit
= Ap
=20 000 N-s to the left

711 Fpet=ma
= (1 000)(-5)
=-5000N
.. 5000 N to the left

8. Consider motion to the right as positive.

13

m = 0,5 kg

Fret=1N
Trolley1 net
O O At=1s

m = 0,5 kg

Fret=2N
Trolley 2
OO At=0,5s

8.1 Trolley 2. Fet = ma — Same mass, larger force = larger a.
8.2 Impulse is the same for both trolleys, namely 1 N-s.

For trolley 1: Impulse = F At = (1)(1) =1 N-s.

For trolley 2: Impulse = F At = (2)(0,5) =1 N-s

PHYSICS

8.3 Ap = Impulse is the same for both trolleys.

Fret (N) At (s) Impulse (N-s) [ Ap (kg-m-s-1) m (kg) Av (m-s-1)

-4 000 0,01 -40 -40 10 -4
-400 0,1 -40 -40 10 -4

-20 000 0,01 -200 -200 50 -4

-20 000 0,1 -200 -200 25 -8
-200 1 -200 -200 50 -4

10.

10.1 Consider motion to the right as positive.
m = 0,35 kg

@ v;=4ms-1 -
D v = -21 m-s-1 @

ps =-7,35 kg-m-s-1

Impulse = Ap = mv¢ - my;
=(0,35)(-21) - (0,35)(4)
=-735-14
=-8,75N's
.. 8,75 N's to the left

10.2
| ps = 1,4 kg.m.§-1

A

A

Ap =-8,75 kg-m-s-1

1.

11.1 During the swing, the contact time between the ball and racket will increase. For a longer
contact time, the impulse for the same applied force will be greater. This results in an increased
change in momentum for the ball, and the ball experiences a greater change in speed if the
contact time is shorter. The ball leaves the racket with a higher velocity vi. FrefAt = mvg - my; .

11.2 The ball comes with a specific momentum towards the fielder. To stop the ball, the fielder must
change the momentum of the ball to zero. By pulling back the hands, the contact time between
the incoming ball and his hands increases. Consequently, the force exerted on his hands is
smaller (the net force of the impulse on his hands decreases) according to the equation
Fret= Ap/At-

11.3 The elastic rope, if they were to fall, extends the time during which the mountain climber's
momentum changes to zero and, therefore, reduces the force exerted on the mountain climber
(the net force of the impulse on the mountain climber decreases). Fpe= Ap/At- Thus, the mountain

12.

12.

=N

When the airbag inflates during a collision, the contact time of the passenger/driver with an
airbag is longer than without an airbag, and thus, the force on the passenger/driver is smaller.
According to Fe= AP/At the force during impact is reduced.

12.2 The crumple zone crumples during a collision, increasing so that cars bounce back during a
collision. Crumpling also extends the contact time during which the momentum of the cars
changes to zero, consequently reducing the force the cars exert on each other. Fpo= AP/At.
Therefore, the passengers experience a smaller force during the collision.

13.

Crumpling is safer. Crumpling increases the contact time during which the cars' momentum changes

to zero, consequently reducing the force the cars exert on each other. Fpe= Ap/m,

Therefore, the passengers experience a smaller force during the collision. During bouncing back, the
change in momentum is greater, and thus, the force on the passengers is greater over the same time.

PHYSICS 14



14. 14.1 Consider motion to the right as positive.

[Lh
ool

Impulse = FpeiAt

Elﬁl

= (-2 x 105)(50)

=-1x10"N's
*. 1 x 107 N-s to the left
Fret=-2 105 N
At=50s
14.2 FreiAt = Ap

Fret(25) = -1 x 107

i
3E

—
Ap =impulse =-1 x 107 kg-m-s-1
At=25s

14.3
FretAt = Ap

i
'8F

-—
Ap =impulse =-1x 107 kg-m-s-1
Fpet=-1x 105N

Fret= -4 x 105 N
2 4 x 105 N to the left

(-1 x 105 N)At = -1 x 107
At=100s

15. 15.1 Consider motion to the right as positive.
m = 0,2 kg

% y=20mst
) Vi = -20 m-s-1 ﬁw

At=0,01s

A
15.2 Fwall on ball = Afball

0,05
=-270N
.. 270 N to left on ball

Impulse = Appay = mvg - my;

=(0,2)(-20) - (0,2)(20)
=-4-4

=-8N-s

.. 8 N's to the left

16. 16.1 Consider motion to the right as positive.
m = 0,5 kg

’& v;=12m-s-1 J

)

Impulse from wall

A

on ball = Appay
=-13,5N-s
.. 13,5 N-s to the left

vi=? ms-1 16.3 Ap = mvg - my;
Dp=-135kgmsT  AZ005s 122 - éo,ssv)vi-e(o,s)ﬁz)
-13,5=0,5v; =
A =
16.2 Fwall on ball = Z;)all O'Szf_ 1755m o1
= - .
=135 . 15 m-s-1 to the left
B 02[;(5) N 16.4 The negative answer indicates that the final velocity

.. 270 N to left on ball

is in the opposite direction to the initial direction.

15
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17. 17.1 Take downward as positive.

||||| Impulse =-30 N-s
.. 8 N's upwards

17.2
Appal = impulse = -30 kg-m-s-1
.. 30 kg-m-s-1 upwards

=20 kg-m-s-1 |?ﬂ1

Impulse =-30 N-s

173 Ap=ps-p,
-30 = ps- 20
ps =-10 kg-m-s-1
. 10 kg-m-s-1 upwards

18. 18.1 Consider downward motion as positive
m = 0,06 kg

Apg
Froof on clay= Act =

_ mvs-my;

At

_(0,08)(0) - (0,06)(15)
- 1 -

=-09N

18.2 Greater than.
The change in momentum is
greater than that of clay (because there
was a change in direction).
Since m and At remain the same, therefore Fpet o0 Av en Fpet o0 Vi - my;

.. 0,9 N Upwards through roof on clay.
Force of clay on roof = 0,9 N downwards.

19. 19.1 Consider downward motion as positive.

= Ap
~ m= 70k Fground on boy = At;oy
v; =10 m-s-1 _ my-my,
At
M=05s _(70)0) - (70)(10)
’ 0,5
=-1400N
5.! yvi=0ms-1 *. 1400 N upward ground on boy
= .
19.2 _
ﬁ e kg Apboy

Fground on boy = At

v; =10 m-s-1
_ mvf-my;
v e
~ |at=08s _(70)(0) - (70)(10)
' - 0,8
O =-875N

Yv;=0m-s-1 *. 875 N upward ground on boy

19.3 If the boy does not bend his knees, he comes to a stop over a shorter time interval, At.

Fret= p/At thus increases, i.e., the ground exerts a greater force on the boy. OR If the boy
bends his knees, he comes to a stop over a longer time interval, At.F g = Aplm thus decreases,

i.e., the ground exerts a smaller force on the boy."

PHYSICS
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20. 201 21.3 Impulse of player on ball = Appay
SYMBOL FULL DESCRIPTION SI-UNIT VECTOR/SCALAR = mv; - my;
I
Fhet :\'hek for(t:_ek extter:te?) IIby the Newton (N) Vector 6,6 = (0,85)v¢ - (0,85)(0)
0OCKey SticK on the ball. 0,85Vf= 6,6
- . - = 51 .
At ;’:g ;T;E il;rﬁlgcg:tz:tthe ball Seconds (s) Scalar v = 7,76 m-s-1 (through player's hand upwards)
_ 21.4 v will increase if m decreases. The same impulse refers to mAv = Ap = impulse.
m The mass of the ball. Kilograms (kg) Scalar If m decreases, Av must decrease so that mAv = Ap = impulse remains the same.
Av The change in speed of the| meters per second v 22. 22.1 Consider motion to the right as positive.
‘ector
ball. (m-s-1)
- vi =24 m-s-1 vs=0m-s-1 N
Fredit Tthek mp:;:lsz I? xerted by the | \owton second(N-s) Vector ' > Fret = Ttp
stick on the ball. M = Mear + Myummy = 850 + 50 = 600 kg V- v
mAv The change in momentum of | Kilogram meter per Vector At = %
the ball. second (kg-m-s-1) net
_ (800)(0) - (600)(24)
20.2 Study the graph. The horizontal axis represents time, and the vertical axis represents force. The ), - -36 000
area of the graph represents force x time (FpeAt) which is equal to impulse. ~Mgummy = 50 kg =04s
Impulse = area under the force-time graph Fnet=-36 000 N
=% base x height 22.2 Newton's Second Law (in terms of Ap)
= %(0,5)((150) 22.3 Newton's First Law
= 37,5 N-s (by stick on ball) 22.4 SMALLER
20.3 ) When the airbag inflates during a collision, the contact time of the dummy with an airbag is
Impulse of stick on ball = Appay longer than without an airbag, and therefore, the force on the dummy is smaller for the same
= mvg - my; change in momentum. Thus, according to Fe= AP/At, the force during impact will be reduced.
37,5 = (0,15)v¢- (0,15)(0) 22.5 72 km-h-1= (72 x 1 000) + 3 600 = 20 m-s-1
0,15v; = 37,5 800 ms =800+1000=0,8s
v¢ = 250 m-s-1 (away from the hockey stick)
20.4 Because the ball is softer, it means that the ball will deform when the stick hits it. This implies =20 ms-1 =0 ms-1 APdummy
that there will be longer contact between the ball and the stick. Therefore, the force (a smaller Vu,m's Fsafety belt on dummy = = A
force) will act on the ball for a longer time. m = 50 kg _myi-my;
» The AREA of the graph decreases. (Because Ap = mAv remains the same, Fpe/At must also At
) At=0,8s
remain the same.) - (50)(0) - (50)(20)
» The HEIGHT of the graph decreases. (Because Fis smaller.) = — o8
* The BASE of the graph increases. (Because the contact time is longer.) \ = -1250 N
21. 211 296 [ - .. 1250 N to the left on dummy by seat belt
A Impulse = area under the force-time graph
FretAt = V2 base x height
24 gy . (-1.250)(0,8) = ¥4(0,8)h
' 0,4h =-1000
i h=-2500N
F (N) i .. The maximum force is 2,500 N in the opposite direction (to the left) on the
i dummy.
i 23. 23.1 Consider the downward direction as positive.
i _ _ A
0 ! N > vi=10m-st Fstone on hand = Z_I;and
212 0.2 0,55 t(s) m=035kg| At=3ms =0,003s
_ mvs-my;
v;=0m-s-1 Y T
Impulse = area under the force-time graph ’
= ": base x height -(0,35)(0) - (0,35)(10)
= 14(0,55)(24) 0,003
= 6,6 Ns (by player on ball) =-1166,67 N
.. 1166,67 N upwards
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