FUNDAMENTAL APPLIED MATHEMATICS

Chapter 7 Exercise 7A

Q1. ()

(i)

(iii)

(ii)

(iii)

(i)

- NEW _

NEW _

OoLD

P _=3
—10 5
=p=6m/s

The new velocity = 6]? m/s
I =M — Mz
= 2(6)) — 2(~10))
=32/ Ns
K.E pore = 5(2(— 102
=100

]

K.E.sfer = 5 (2)(6)?
=36

Loss = 100 — 36

= 64)

OLD
v

~20
=v=10m/s
I =My — Mg
= (0.2)(10) — (0.2)(=20)
=2+4=6Ns
= %(0.2)(—20)2

=—-0.5

=

K.E

= *before

= 40)

]
KE.er = 5(0-2(102

=10}
Loss = 40 — 10
=30

i) To find speed at impact:

vZ =u? + 2as
=v2 =02+ 2(9.8)(2.5)

=v=7m/s

NEW _
OLD
P _ 4
= 7
=p=4
=4 m/s

(iii)

(iv)

(i)

(iii)

(i)

(iii)

(iv)

| =My — Md
= (@) — ()(=7))
= 1] Ns
_ Lo 145
Loss = 2I\/Iu 2l\/lv

vZ = u? + 2as
=vZ =02+ 2(9.8)(10)

=v =14 m/s

I = MY — MU
= (6)0) — (6)(—14))
= 84j Ns
N VI S P
Loss = 2I\/Iu 2l\/lv
_1 ) 1 2
= 2(6)(14)2 = 2(6)0)
= 588 |

u=0, a=98, s=225
v=VuZ+ 2as

=0 + 2(9.8)(22.5)
=21 m/s

NEW _
OLD

Vi 5

21 7
=v, =15m/s
I=Mv, - MV
= (0.1)(15) — (0.1)(=21)
= 3.6 Ns

1
K-Erpegore = 7(0.1(21)
=22.05)
:
K-Eyfer = 5(0.1)(15)%

=11.25])
Loss = 22.05 — 11.25
=10.8)
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Q.6. (i) Before (Mass) After
5i—8 2kg 5 +p
NEW _
OLD
_
—8 4
=p==6
Ans = 5i + 67
(i) %Muz . %Mv2 - %(2)(25 + 64) — L2)(25 + 36)
=28
(i) = My — Md
= 2(51 + 6)) — 2(51 — 8))
= 28] Ns
Q.7. (i) Before (Mass) After (i) KEpgore = %(4)(64 + 36)
8 —15  02kg 8 +pj = 200
1
r(\J)ELv[\)/ _ KE e = 5(4)(64 + 16)
—15~ 5 o Lo — A0 100
=5 =30 = p=6 % Loss =560 X
= New velocity = 8i + 6; m/s = 20%
i d before = /82 2 i) tanA=8=3 w@np=2-1
(i) Speed before = V8- + (—=15) 8~ % 8- 2
=17 m/s 1
tanB 2 2
Speed after = V8% + 62 anA 3 3
4
=10m/s Q.9. (i) Before (Mass) After
= Fall in speed = 17 — 10 P 3]? 0.2 pl? o 3].
=7m/s NEW _
1 5 OLD
(i) K- pegore = 5(02)17) 2
=—=—0.75
=28.9] 4
=p=—3
KE. ey = 5(0.2)(102 P .
= Velocity after impact = —3i + 3j m/s
=10) . 1 3 2
(i) KEppgore = 5(0-2(4% + 37
Loss = 28.9 — 10
=25
=18.9]
KE. e = 30020(=3)2 + 32
CONEW B
Q8 ) 5= =18
4 Loss = 2.5 — 1.8
=—=—¢
—6 =0.7)
—e=2 0.7
3 %Ioss=ﬁx100=28%
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Q.10 (i) u=0, a=9.8, s=40 () u=0, a=g, s=h
v =Vu? + 2as v ="Vu? + 2as
=0 + 2(9.8)(40) =0 + 2gh
=28 m/s =/2gh
(ii) Letv, = speed directly after impact (i) Letv, = the speed with which it first
with ground. rises from the ground.
NEW _ NEW _
OLD OLD
Vi _ 1 S B
—28 2 —\2gh -
=v, =14m/s —v, = e/2gh
(i) u=14, a=-98, v=0
(iii) u=ey2gh, a=-g v=0
22
°T T 2a P el Vi
2a
_ 0 — 142 ,
T 2(— 0 — 2e’gh
2(-9.8) okl gh _
=10m —
Q. 12. Before (Mass)
UCOSA;-FUSinAj M v cos Bi + vsin B;
ucosA=ucosB ... Equation 1 (;-velocity remains the same)
NEW _ _
OLD
usinB _ e
—usin A
=eusinA =usinB ... Equation 2
Dividing 2 by 1 gives : e tan A = tan B
o — tan B
tan A
Q3. () 7 =202 - 20[2]f New Speed = V144 + 144
> 5 =12V?2
—12i — 16] , RS
810 (i) | =MV —Md
. = M(12i + 12j) — M(12i — 16))
x X = 28Mj Ns
Before (Mass) After Magnitude = 28M Ns
> > > >
12 — 16 M 12i + pj
P ' P (i) JMu? = 2 My?
NEW _ _
OLD = IM(144 + 256) — IM(144 + 144)
I R ey
—16 4 =56M )

New Velocity = 12i + 121?
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(V) New path U =25 cos Ai — 25 sin Aj
=24i — 7]
Before (Mass) After
> > > >
24 — 7] 0.1 24i + pj
A NEW _
OLD
_12
tanB’—12 :>L__§ _ .,
tan B =1 —7 7 P
> >
— B = 45° = New Velocity = 24i + 3j
tan A + tan B Voa2 1 32
= New Speed = V242 + 32
tan (A + B) i1 — anAtan B ew Spee
44 =242 m/s
— 3 —
I (i) 1= M7 — Mz
3 > e > 2
tan (A + B) = —7 (Since A + B > 90°) = 0.1(24i + 3j) — 0.1(24i — 7j)
>
= 1j Ns
Q.14. ()
Magnitude = 1 Ns
(i) KE.pppoe = %(0.1)(242 +(=7)3)
X V =31.25)
KE. e = 301242 + 39
7 =29.25
tan A 27
24 Loss = 31.25 — 29.25
COSA =S¢
25
SinA = 75
Q. 15. G = —ucos (90° — @) — usin (90° — 6)]
= —usin 6 — u cos 0;
S “ .2
vV = —vcos 8 +vsin g
Before (Mass) After
—u'sin 6 — u cos 97 M —vcos 6i + usin 9;
- velocity is unchanged Dividing 2 by 1 gives:
= —usin § = —v cos 6 %=27u
=usin @ =vcos6d .. Equation 2_ 23
= Vs = §U
NEW _ o2 = 2 Tpg2
OLD =M =5iEM
% = _TZ = % f the energy is preserved.
= 3vsin @ = 2u cos 6 ... Equation 2 — % of the energy has been lost.
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Exercise 7B

Q. 1. (i) Before (Mass) After
6i 2 pi
4i 1 q?

2(6) + 1(4) = 2(p) + 1(q)
=2p + g = 16 ... Equation 1

P—9__1
6—4 2
=2p —2q= -2

=p —q = —1 ... Equation 2
Adding equations 1 and 2 we get:
3p =15
=p=5 = q= 6
= Velocity of 2 kg sphere after impact
is 51 m/s
Velocity of 1 kg sphere after impact is
61 m/s
(i) KEpepore = 5(2)(6)? + 5(1)(4)°
=44

KE. g = 257 + 216
=43
Loss = 44 — 43

=1
Q. 2. (i) Before (Mass) After
27 1 p7
—67 1 ql?
12) + 1(=6) = 1(p) + 1(q)
=p + g = —4 ... Equation 1

P—9_ 3
2+6 4

=4p —4q = —24

=p — q = —6 ... Equation 2
Adding equations 1 and 2 we get

2p = =10
=p=-5
=q=1

Q.3.

B
= velocities after impact are —5i m/s
and i m/s

= speeds after impact are 5 m/s and
1 m/s

() 1=Mv — MG
1(=51) — 121)

5
—7i Ns ... impulse imparted to
first sphere

= Impulse imparted to
second sphere = 7i Ns

= Magnitude of impulse imparted to
each sphere = 7 Ns.

1 1
(i) KE.porore = 5(1)(2)2 + 5(1)(—6)2
=20
KE. .. = S(1)(=52 + 1(1)(1)?
*—after 2 2
=13
= Loss =20 — 13
==17]
o, — l — 0,
= % Loss = 50 X 100 = 35%
(i) Before (Mass) After
100 3 oi
7’ 5 q;
3(10) + 5(1) = 3(0) + 5(q)
=q=7
0—gq _
-1 ¢
cpedZ
9 9
(i) 7 m/s

(i) 1, = Mv; — Ma;
3(01) — 3(101)
—30i Ns

I = M7 i
= 5(71) — 5() = 30i Ns
(iv) u=7, v=0, s=2, a="1?
v2 = u? + 2as
= 0 = 49 + 2a(2)

=49 _
4
..Deceleration = —12.25 m/s?

= a —12.25 m/s?




(i)

(i)

(iii)

(i)

(i)

(iii)
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Before (Mass) After
5 2 %
0 1 3v

2(5) + 1(0) = 2(v) + 1(3v)

=5v=10 = v=2

v—-3v _
5—0
=% e = e=2
5 5
K E.pytore = S5 + 21O
=25
_1 2 1 2
KE. 1 = 3222 + 2(1)(6)
=22

Loss = 25 — 22 = 3

% Loss = == x 100 = 12%

25
Before (Mass) After
6i 5 p;
N >
—4i 3 qi

5(6) + 3(—4) = 5p + 3q
=5p +3q =18

P=—9__1
6+ 4 3
=3p — 3qg=—10
Solving these givesp = 1, q = 1?

Loss = ll\/lu2 - %l\/lv2

2
_1 21 2
2(5)(6) 2(5)(1)
_ g1
= 872 J
MV—Mﬁzj?ﬂ—y—@
= 257 Ns
Before (Mass) After
100 2 pi
0i 3 gi

2(10) + 3(0) = 2p + 3q
= 2p + 3q = 20

(iii)

P—q _ 1
10-0 2
=p—q=-5

Solving these givesp = 1, g = 6.
Answer: 1 m/s and 6 m/s.

1 1

KE pefore = 52100 + 5(3)(0)?
=100
KE.. =212+ 13)6)?
“EeAfter = 9 2
=55

Loss = 100 — 55 = 45 )

To find the acceleration:

v=u + at
= 0=06+ a2
=a=-—3

To find the force:
F = Ma
=F=(3)(-3)=-9N

(i.e. it is a resistance force of 9 N)

To find the distance:
vZ = u? + 2as

= 0= (6) + 2(—3)s

= Ss=6m

To find work done:

W =Fs = 9(6) = 54 |

To find power:

P _ Work
ower = —/——

Time

_ 54 _

=5 = 27 W

Before (Mass) After

A 4 M pi
B:  Oi M gi

M4) + M(0) = Mp + Mq

=p+qg=4
P=9__1
4-0 2
=p-q=-2

Solving these givesp = 1, g = 3.
Speed of B is 3 m/s.



(i)

(ii)

(iii)

(i)
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Before (Mass) After
B: 3i M ai
Cs 07 M b7

M(3) + M(0) = Ma + Mb

=a+b=3
a—b_ 1
3—-0 2
:a—bz—%

. . _ 3, _ 1
Solving these gives a = 7 b = 2

Speed of B is % m/s.

Yes, because A will catch up with B,
since v, > v,

Before (Mass) After
A: v 4 0
B:  —v 2 p

4(v) + 2(=v) = 4(0) + 2(p)
=20=2v = p=vV
Speed of B after impact is the same as

the speed before but in the opposite
direction.

0-p

v — (—v)

= —e

=_—"=—¢ = e=

2v

N =

1
K'E'before = E

K'E'after = 5

:\/2

Loss = 3v2 — vZ = 22

22 )
% Loss = Ew] X 100 = 663%
Before (Mass) After
2% M 11ki
i M 13ki
MQ2) + M(1) = M(11k) + M(13k)
k=1

.. Their speeds will be % and 1?3

Q. 10.

(i)

(i)

(i)

(iii)

11 13

8 8 _ e
2 —1
=e = 1
4
Before (Mass) After
A 6 M pi
B: 0Oi M qi

M(6) + M(0) = Mp + Mq

=p+qg==6
P=q_-2
6-0 3
=p-q=-4

Solving these givesp = 1,9 =5
Their speeds are (1, 5, 0) m/s.

Before (Mass) After
B: 5? M a;
c: o M bi
M(5) + M(0) = Ma + Mb
=a+b=5
a=-b_=2
5—-0 3
10
=a—b= 3
: s 3 B
Solving these gives a = o b = a
Their speeds now are (1, % %) m/s.
Before (Mass) After
A1 M ci
B 2 M di
o gl I
WU+M3=MoMM
_1
=c+d= 6
c—d_ _2
_5 3
1 3 1
Ceas 9 31 35
Solving these gives: ¢ = 36 d= 36
: 31 35 25)
Their speeds are (36’ 36 6 m/s

Since v, < v, < v, there will be no
further collisions.



Q. 12.
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Before (Mass) After
101 10 pi
—5i 50 qi

10(10) + 50(=5) = 10p + 50q
=p +59=-15

=2p —2q=—15
Solving these gives p = —34—5, q= —%.

The speeds are 8% m/s and 1% m/s.

i - —

I1 = Mv — Mu
_ _ﬁ)_
_10( 2|~ 10010)
— _187.5Ns

The magnitude of the impulse = 187.5 Ns

(@ (i) Newton'’s law of restitution:
For two bodies impinging directly,
their relative velocity after impact
is equal to a constant (e) times
their relative velocity before
impact and in the opposite
direction.

(ii) In a closed system the total
momentum will be conserved.

(b) vZ = u? + 2as
= vZ =02 + 2(9.8)(19.6)

=v=19.6
Rebound speed = (0.8)(19.6)
= 15.68
v2 = u? + 2as
= 0? = (15.68)> + 2(—9.8)s

=5 = 12.544 m

(c) Gun
/\/I1u1 + /\/12u2 = 1\41v1 + sz2

=(2)(0) + (0.01)0 = (2)v, + (0.01)(300)

=v, = —-1.5m/s

Bullet Gun Bullet

= Initial speed of the gun = 1.5 m/s
To find acceleration:
vZ = u? + 2as = (0)2
= (—=1.5)? + 2a(0.05)

=a=—225m/s

Q. 13.

F=ma
= [ = (2)(—22.5)
= —45N

A constant force of 45 N is required.

(i) Before (Mass) After
ui M oi
—vi 3M q;

Before (Mass) After

51 1 pl?

i 2 q?

1(5) + 2(1) = 1(p) + 2(g)

=p+2q=7

=p=7—-2q

pP—9q_
5 =1
=—4e=p—q

=(7—-29) —q

=7—-3q

_3q—7

T4

If there are to be no more collisions v, < v,

Lqg<3

—e

oo @

3g-7 _338) -7 1
< <
If g < 3thene I =5

Answer: MAX Value = %
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Q. 15. Before (Mass) After
uj 3 vﬁ
u27 4 q;
1: 3u, + 4u, = 3v, + 4q
=q= %(E}u1 + 4u, — 3v1)
AT
2: m = —€
=v, —q= —eu, + eu,
Butg = %(?;u1 + 4u, — 3v,)
Fo Wy = %(3u1 + 4u, — 3v,)= —eu, + eu,
= 4v, — 3u, — 4u, + 3v, = —4eu, + 4eu,
= 7v, =u,(3 —4e) + 4u,(1 +e) QED
= 3v, = 3u,. Butv, = 2(u,(3 — de) + 4u,(1 + e)
o1 = 2,3 — 4e) + 4u,(1 + ) - 3u,
= %(3U1 — 4deu, + 4u, + 4deu, — 7u1)
= %(—4u1 — 4deu, + 4u, + 4eu2)
= 172(—u1 —eu, +u, + euz)
= w1+ o) +uy1 +e)
=20 +eu,-u) QED
Q.16. (i) Before (Mass) After =51+e) =28
P: 4u 3m 2u =1+e=16
Q: 2u 5m q =e =0.6
3m(4u) + 5m(2u) = 3m(2u) + 5m(q) (i) Let the velocity of P after impact be p.
... divide by m 3m(4u) + 5m(2u) = 3m(p) + 5m(q)
= 12u + 10u = 6u + 5q = 3p + 5q = 22u ... Equation 1
= 5q = 16u P—9 — e
16u 4u —2u
~q="g :
g =p—q=—2eu .. multiplyby -3
- - ¢ = —3p + 3q = 6eu ... Equation 2
2u—q Adding equations 1 and 2 we get
= —e
2u 8q = 22u + 6eu
=2u-q=-2eu — 8q = 2u(11 + 3¢)
=q = 2u(l +e) butg = 1% =q= %(11 + 3e) ... minimum value
( | 16u o] occurs whene = 0
=2u(l +e) =—(— multiply u
5 = — =
by 2 = q =4(11) = 2.75u




iy

Q.17.
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(Mass) After

4m P

(i) Before

0 2m q
4m(u) + 2m(0) = 4m(p) + 2m(q)
=2p+q=2u

PpP—q

u—0
=p—q=—eu

... Equation 1

—e
... Equation 2

Adding equations 1 and 2 we get
3p=ul2 —e)
=p = H(
3
q=p+eu

2 —e)

... from Equation 1
u
g(
_2u eu
3 3
2u — eu + 3eu
3
_ 2u + 2eu
B 3

q=?(1+e)

=q=5(2—-¢e) +eu

=q + eu

=q =

(i) KEpppore = %(4m)(u)2

2 2
= 2m|T2 — €] + mi*a(1 + e)?

2

_ 2mu
9

_ 2mu?
9

2mu?

5 (

[4 — 4e + e + 2(1 + 2e + e?)]

[3e? + 6]

e? + 2)

... divide by 2m

... speed of 4m sphere after impact.

2
Loss = 2mu? — 2m—u(

e +2)

_ 2mu?
3

_ 2mu?
3

3—e2-2)

(1—¢e?)

Q. 18.

(i) Before (Mass) After
2u m p
0 m q

m(2u) + m(0) = m(p) + m(q)
... divide by m

=p +qg=2u ... Equation1

P—9 _
2u—20
=p—q=—2eu

... Equation 2

Adding equations 1 and 2 we get
2p = 2u(1 —e)

=p=u(l —e) ...speed of Tst sphere

after impact
qg=p + 2eu ...from Equation 1
=q =u(l —e) + 2eu
=q=u—eu+ 2eu
=q=u-+eu

=q=u(l +e) ...speed of second

sphere after impact
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(i) Firstly, find how long it takes for
sphere to hit wall.

speed = u(1 + e)
distance = 1 metre

distance
speed

1
u(l +e)

time =

Find the distance travelled by other
sphere in this time.

speed = u(1 — e)

time = S|

distance = speed X time

_ . 1
O u(1+e)l
_1-e
T+e
: _ 4, _1-e
= distance apart = 1 T e
_l1te—-1+e
1+e
__2e
T+e

(iii) Find the speed of sphere after
colliding with wall.
NEW _
OLD

v =
u(l +e)

=v = —ceu(l + e

v, =u(l —e)

@ = —eu(l + e)
— — —

Vap =Va Vs
=u(l —e) + eu(l +e)
=u—eu+eu+elu
=u(l + e?)

relative distance

relative speed

2e
1T+e

u(l + e?)

2e
u(l +e)1 + e?)

time =

Q. 19.

Look at how far the sphere has moved
away from the wall in this time.

distance = speed X time

2e

= distance = eu(1 + )| ———————
u(l +e)1 + e?)

2e?
1+ e2

(i) Gainin K.E. = Loss in PE.

=>%mv2 = mgh

%(O 6)v? = (0.6)g(0.5c0s60°)
=2 = %
=V = . 2.21 m/s
2
(i) Before (Mass) After
8
0 0.8 q
0.6(@) + 0.8(0) = 0.6(p) + 0.8(q)
.. multiply by 5
=3p + 4q = 3\/7 . Equation 1
\/' 0 11
_ 8 ;
=11p —11g = — 5 Equation 2

Eq.1(x11):  33p + 44 = 335

8
Eq. 2 (X —3): =33p + 33qg = 3\/j
q P q 2 add

77q = 36\/»

_ 36
- 77 2

=1.03 m/s

.. from Equation 1

_3\/%—4(1
=—

=p = 0.84 m/s

11



Y

Q. 20.

(i)

(iii)
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Before (Mass) After
u m p
0 3m q
m(u) + 3m(0) = m(p) + 3m(g) ... divide by m
=p +3g =u ... Equation 1
p—q
u—0
=—-p +q =eu ... Equation 2

—e

Adding equations 1 and 2 we get

4qg = u(1 + e)

=q = %(1 + e) ... speed of 2nd sphere after collision
p=q —eu ... from Equation 2

=>p=£(1 I @) = @Y

4
. _uteu—4eu _u—3eu
P 4 4
=p = %(1 — 3e) ... speed of Tst sphere after collision
1
K'E'before = Emuz
1 1
KE jer = Emp2 A 5(3m)q2
_mu? ., _ 2 3m|u? 2
=3 16(1 6e + 9e)| + > 16(1 1F 2@ 4 @)
2
=”§—‘3[1 — 6e + 92 + 3 + 6e + 3e?
_ mu? 2
=3 [12e? + 4]
_ mu? 2
=3 3ec+ 1)
2 2
Loss = ’”T“ — mT“(?seZ +1)
_muiy _3e? 1]
2 4 4
_ mu?l4 —3e? — 1
2 4
2
- s
_3mu? .
=73 (1 —e9)
Lete :%
2 2 3mu?
= Loss = 3rréu (%) = 4?’;’5’ = Loss = 8
3mu?
45mu? (y L 8
% Loss = 12% X 100 0 rOs = mu?
mu~ 2
5 =3 %100
= o4 X 100 = 70% 4
= 75%

(iv) Loss in K.E. is maximised whene = 0

X 100
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Exercise 7C

Q. 1.

Q. 2.

(i) Before (Mass) After
443 M pi+3f
i+ M qi+2
M(4) + M(1) = M(p) + M(q)

=p+q=5
pP=—4q9__1
4 — 1 3

=p—-—q=—1

Solving these givesp = 2, g = 3.
The new velocities are 2i + 37 and
3i + 2

1 1

(i) KEpegore = 5 (M)A + 39 + M1 + 22
= 15M)
K'E'after = %MQZ + 32) + %MBZ + 22)

= 13M)
Loss = 15M — 13M = 2M ]

Before (Mass) After

31 + 4f 2 pi + 4

2 2 » 2
—4i + 3j 3 qi + 3j

2(3) + 3(—=4) = 2(p) + 3(qQ)
=2p +3g= -6

P—9_ 3
3+4 7
=p-qg=-3

Solving these givesp = =3,q = 0

(i) Their velocities are —37 + 4;, O; + 3;

(i) KEpre =
102) (32 + 4 + 23)(— 4 + 39
= 627
KE. 0 =
72 (=32 + 49 + 23)(07 + 32
= 387
Loss = 620 — 38
=24

Q.3.

Q. 4.

(i) I, = MV — Mt
= 2(=3i + 4) — 23] + 4))

— —12i Ns

The magnitude of the impulse is 12 Ns.

Before (Mass) After
6i +] M 0+
—2i — 5 2M gi — 5

M(6) + 2M(—2) = M(0) + 2Mq
=q=1
(i) Its velocity is; - 5/?.
0—1

(i) 612 € = e=g
Before (Mass) After
51 + 5/ 2M pi + 5
0i + 0 M gi + 0

2M(5) + M(0) = 2Mp + Mg

=2p +q=10
P—q_ _1
5-0 2

=2p—29=-5
Solving these gives p = %, qg=>5

(i) Their velocities are 2%7 + 57; 57 + O]?
(i) I, = Mv — M
= 2/\/1(2%7 + 5,) — 2M(5i + 5))
—Sm? Ns

I, = M(5 + 0)) — M(Oi + 0))

= 5Mi Ns
(i) KEp, =
TEM)(52 + 59) + HM)(O? + 09
= 50M
KE. . =
Tom) ((5}2 + 52) + 1my52 + 02)
212 2
= 432 1
Percentage Loss = % X Hﬂ
= 12%%

13
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V) my=2=1,m,===2
2
_ L, 1-2
..tané’—i1 )
R
= +2 = 03333

.. 0 =18°26" (Since 0 is acute)

(i) u1=5cost9:?+55in9]'

4ol
= 4i + 3
u, = —4v2 cos 45% + 4v2 sin 45";’
= —4 +4f
Before (Mass) After
4+ 3f 2 pi +3j
—4i + 4 3 gi +4f

2(4) + 3(—=4) = 2p + 3q
=2p +3q=—4

P=Y _=7
4+4 8
=p-—q=—7

Solving these givesp = =5, q = 2.

> > > >
(i) =50 +3j,2i + 4 m/s
1

(i) K.E.pepore = 5(2)4% + 3%
+20)(—42 + 47
=73]
KE. g = 25 + 39
+23)22 + 4)
=64

Loss =73 — 64 =9

Before (Mass) (After)
51 + 4 5 pi + 4
—2i - 3 10 gi —3j

5(5) + 10(=2) = 5p + 10q

=p+2qg=1
P—aq_1
5+2 7
=p—-—q=—1
Solving these gives: p = —%,q =%.

Q.7.

. 1% 2
(i) 31 + 4y
22 2
(ii) 31 3)
K'E'before =
%m&5+1@+%mmm+q)
= 102.5 + 65
=167.5)
K'E'after =
T,04[1 1 4
2615 + 16] + J103 + 9]
_725
18
_ 850
18
1,575
~ 18
=87.5]
Loss = 167.5 — 87.5 = 80) QED
(iii)
Original
path
/ New
path
- -3 _3 _-3_-9
Mi===%5 M=5=75
5
3,9
= _l’_ =
_ ., 2"2 .24
tan 6 = = 27 = ig
4
_ 24 . .
tan 8 = 23 since @ is acute.
Before (Mass) (After)
p7 S8 qj 4 07 aF qj’
0i + 0f m i+ 0

N
Momentum in the i —direction is
conserved

=4p = mr
N.E.L.
O—r_ _4
p—0 7
=4p =7r
=m=7
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Before Mass After

8i + 4 m xi + 4
0i + 0] 2m yi +0f
() 8 +4f L xi+4

.44
..g'y——'l

=x=-2
.. New velocity = 20 + 4/? m/s
(i) m(8) + 2m(0) = m(x) + 2my
8m = -2m + 2my
S y=5

5
.. Its velocity = 5i m/s

After
i+ g

(i) Before (Mass)
p7 4k qf 4

2 2
Xi +yj 2
5
Momentum in the i —direction is
conserved

=4p + 2x = 4r
= 2p + x = 2r ... Equation 1

N.E.L.
r=—0_ _1
p—X 2

=p — x = —2r ... Equation 2

Adding equations 1 and 2 we get

3p=0
:>p:O

j’—velocity of 2nd sphere is unchanged

:>y=0

S
= Velocities before impact were gj
... these are L to each other.

and xi

> 2
0 + 0

Q. 10.

(ii)

4 kg mass:

1
KEpeiore = 5(4)q2 = 2qg?
KE. e = 31402 + ¢)

=2(r* + g%

Gain = 2(r* + g% — 2¢?

= 2r?
2 kg mass:
K E pre = 922 = X2
... butx = 2r (from Equation 1)
= KE. oo = (21)? = 4r?
K.E. =0

after
= Loss = 4r?
= Gain in K.E. of 4 kg mass = %
(Loss in K.E. of 2 kg mass)

First collision between P and Q

Before (Mass) After
P: 12u 4 p
Q: 0 8 q

4(12u) + 8(0) = 4(p) + 8(q)
=p + 2g = 12u ... Equation 1

P—q _ 1

12u—-0 4
= —p + g = 3u ... Equation 2
Adding equations 1 and 2 we get

3qg = 15u
=g =5u ...speed of Q after 1st
collision
p=q —3u ... from Equation 2
=p =5u— 3u
=p =2u ...speed of P after Tst

collision

Collision of Q with the wall

NEW _

OLD

S A—
S5u

=v = —5eu

15
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Second collision between P and Q (i) r=2u — 10eu
Before (Mass) After = 2u — 10(%)u
P: 2u 4 r 20
=r=2u-— u
Q: —5eu 8 0 6
=r = —<u ...final speed of P
4(2u) + 8[—5eu] = 4r 7
—r = 2u — 10eu (i) K Eopgrre = 54120
r—-0_ _ 1 = 288u? ]
2u + 5eu 4 116
_ 146 ]2
= 4r = —2u — Seu K-E-atter 2(4)(7u)
= 4(2u — 10eu) = —2u — 5eu = Qu2j
49
=8 — 40e = -2 — 5e
Loss = 288u? — %M
= 35e =10
—e— % = 286.53u?)

Exercise 7D

Q. 1. Before (Mass) After
ucosA?+usinAf M v cos Bi + vsin B]’
0i + 0 M gi + 0

usinA =VsinB ... Equation 1
M(u cos A) + M(0) = M(v cos B) + Mg

=(q=ucosA—vcosB ... Equation2

veosB—q 1

ucosA—0 4
=4vcosB —4g = —ucosA ... Equation 3

Butqg = ucosA — v cosB
.. 3 reads:

4v cos B — 4u cos A + 4v cos B = —u cos A
= 3u cos A = 8v cos B ... Equation 4

Dividing equation 1 by equation 4, we get:

usin A _ v sin B
3ucosA 8vcosB

=8tan A =3tanB QED
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Before (Mass) After

2u cos Ai + 2u sin Aj’ 2M p7 + 2u sin Aj’

—ui + 0] M 0 +0f

(i) 2M(Q2u cos A) + M(—u) = 2M(p) + M(0)
:>p=2ucosA—lu

2
p-0 -5

2ucosA+u 118

= 118p = —10u cos A — 5u

Butp = 2u cos A — %u

. 118|2u cos A —%u
= —10u cos A — 5u

=236 cosA — 59 = —10cosA — 5

= Ccos A ——

41
4= 40
=>S|nA—41
. _ 1
(i) p—2ucosA—§u
g2 1, =S
41 2 82
. _ @)_@_16%
2usmA—2u(41 =1 " 8

.. Velocity after impact

= (=51 + 160))
= (=1 + 32)) m/s
(i) Before (Mass) After
4u m P
2u m q
m(4u) + m2u) = m(p) + m(q)
... divide by m
=p +q=6u Equation 1
pP=9 _ _
4u — 2u

=p — q= —2eu Equation 2
Adding equations 1 and 2 we get

2p = 2u3 —e)
=p=ui3 —e)
qg=6u—p from Equation 1

=q=6u—uB —e)
=q=3u+eu
=q=u3 +e)

before — %(m)(4u)2 + %(m)(2U)2

= 10mu?

KE. o = 3MU(3 = e)?

K.E.

+ =m)u@3 + e)1?

N|—

%(m)[u2(9 —6e +e2+9
+ 6e + e?)]

— %(m)[u2(18 + 26?)]

= mu?9 + e?)
Loss = 10mu? — mu?(9 + e?)
= mu? — mu?e?
= mu?(1 — €?)
Firstly, calculate velocity of first sphere
before impact:

4u cos30° + 4u sin30°7

= 4u ?)7 F 4u(%)f

= 2uV3i + 2uj’

Before (Mass) After
V3 + 2uj' m p7 + 2uj
0i + 0 m qi +0f

5
Momentum in the i —direction is
conserved

= m(2uV3) + m(0) = m(p) + m(q)

... divide by m
=p + g = 2uV3 Equation 3
N.E.L.
k=9 _
2uV3 -0
=p —q = —2euV3 Equation 4

Adding equations 3 and 4 we get

2p = 2uV3(1 —e)

=p=uV3(1 —e)

= velocity of 1st sphere after impact

=uv3(1 — 6)7 + 2u]?

q =2uV3 —p from Equation 3

17
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=q =2uv3 —u/3(1 —e)
=uvV3 + euV3
=q=uV3(1 +e)

= velocity of 2nd sphere after
impact = uV3(1 + e)i

= %[3u2(1 — 2e + e?) + 4u?

+ 3u%(1 + 2e + e2)]

= %[1Ou2 + 6e2u?]

= mu?(5 + 3e?)

Loss = 8mu? — mu3(5 + 3e?)

1
K‘E‘before = E(m)(4u)2 = 3mu2 _ 3mu2e2
= 8mu? = 3mu?(1 — €?)
KE.yer = 5mU{uv3( = &)} + {20}?]
+2m) V3 (1 + e)?
Q.4. () Before (Mass) After
w2, w3 > uV3? uv3
A'§’+ 2 m PI+=5 tan6=%=%
B: 0i + 0 m qi +0f
Momentum in the i —direction is conserved
:m(%) + m(0) = m(p) + m(g) ... divide by m
=p+q=73
=2p + 2q = u Equation 1
P~—9q_ e
5=
eu
=P-q9=—
2p — 2q = —eu Equation 2
Adding equations 1 and 2 we get
4p = u(1 —e)
—p= %(1 —e)
tanez% q=%—p ... from Equation 1
u_u u_, ue _u
w3 —q=2-Y1-e=0+L=Yq +e
p= S an @ 2 4 4 4 4
uv3 _ W . 2
Tand - 21— .. multiply by 5
YER
3tant9_§(1 —e
= (1 —e)ftan 6 = 2V3
=tan 6 = &
1=



(i)

(iii)

FUNDAMENTAL APPLIED MATHEMATICS

1
K-Eopefore = Emuzj
1 uv3
K'E'after = 5 ) zqu
1 e, 2, 3u?
m 6(1 e” + 2
1 u? .
+ 3 16(1 +e)?| .. lete=0
_ [l u? o 3ut | u?
2 16 4 16
12
2 8
_ 7mu2J
16
Loss — mu? _ 7mu?_ mu?
2 16 16
12 :
= % loss = : X 100 = 12=%
Fmu? 2
_1 uv3
K.E. (after) 2 P2 + )
2 2
= Zm{E - e + -
1 Y ey et 4+ 34
4
_1. 13u?  2eu? | e%?
16 16 16
2
=%[13 — 2e + €]
1 1 _[u?
K'E'B(after) = quz = im ﬁ“ + 8)2
_ mu?
=3 ——(1 + 2e + e?)
K.E. Alafter) Z
K.E. B(after) 1
13 -2+ e? _
1+ 2e + e?

=13 — 2e +e2 =7+ 14e + 7e?
=6e2+ 16e —6=0
= 3e2+8—-3=0

=3Be—1)e+3)=0

Q.5.

(i)

(i)

Before (Mass) After
A: pl? 4 q/? m o+ qj
B:0i +0j 2m  i+0
_d
tan 0 = D
% X g = —1 ... new path at right
angles to old path
q?
=== =1
pr
2
e @
p

4
:>q—2+q 0.04
q* + p’q
p2 = 0.04
72 2+
(p2 T _004... p? + g% = 0.06
p
so, p? + > = 0.36
0.36¢2 .
= ———=0.04 ... divide by 0.04
p
9 2
:iz=’l
p
_P 1
p? 9
q_ 1 _
:>5 §—tant9

N
Momentum in the i —direction is
conserved

m(p) + 2m(0) = m(r) + 2m(t)
...divide by m
=r+2t=p
=t = P_Z_ ! Equation 1
N.E.L.
r—t _ _,
p—0

=r —t= —pe Equation 2

=r——5—=—pe
=2r—p+r=—2pe

=3r —p = —2pe

19
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Q. 6.
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p —3r
= =
2p
3q?
+ -
P™p
2p
B p2 + 3q2
— ¥
2
_1,39
2 2 P2
_1 i(l)
=21 3l9
_1.,1_2
=27673
1
(i) KE.piore = 5m(0.6)2 =0.18m
KE..  =1m©0.22 + tome
‘- after 2 : 2
= 0.02m + mt?
3 1.8
=0.6cosf =0.6|—| = —
P (VTO) V10
1.8 .
r+ 2t = —— ... from Equation 1
Vo .
2p .
rot=-o from Equation 2
3.6
=—r+t=—"t
3V10
_ 1.2
V10
3
Add 3t = —
V10
=t = 1
V10
= K.E =0.02m + 0.Tm = 0.12m

* —after

Loss = 0.18m — 0.12m = 0.06m

Before (Mass) After
3v | w402 > w402
=i 4 = 2m pi + =
—ui + Of m q7 = 0/?
3v, . wW40[w40
—(p) = — ... from part (a)
7 7 7
2

= 3up = _4(;v

—p = _A0v

P= "7

N
Momentum in the i —direction is
conserved

— 2m(%) + m(—u) = 2m(

—40v
21

)+m(q)
... multiply by%

= 18v — 21u = —80v + 21q

= 98v — 21u = 21q

= 14v — 3q = 3u ... Equation 1

N.E.L.

—40v

21 93
3v

7+U

—40v—21q 3
9v +21u 4

= 160v + 84q = 27v + 63u
= 133v + 84q = 63u ... Equation 2

392v — 84q = 84u ... from Equation 1

525v = 147u
_147u _ 7u
525 25




(ii)
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Rotate diagram as shown:

4u
30°
30°
2u
Before (Mass) After
w3i + u; 2m p7 + uj
—2uV3i — ZU; m q7 - 2u7

S
Momentum in the i—direction is
conserved

= 2m(uV3) +m(—2uV3) = 2m(p) + m(Q)
... divide by m

=2p +q =0 Equation 1

N.E.L.

P79 _ 1

uv3 + 2uV3 V3

=p — q= —3u Equation 2

Adding equations 1 and 2 we get
3p = —3u

=p=—u

Speed of Tst sphere after impact

Ny

= V(-u)? + u?

= Vau?

=uv2

qg=—2p ... from Equation 1

=q=2u

Speed of 2nd sphere after impact
S

=V (2u)? + (—2u)?

= V8u?

=2uV2

Q. 8.

(i) Point of collision:

=>c059=§

Rotate diagram as shown in the diagram
below:

u
0
7]
Before (Mass) After
T
5 5/ P 5/
42 3u? > 3u?
?l aF ?] m C]I ar ?j

Momentum in the 7—direction is
conserved
:>m(85—u) 4k m(%) = m(p) + m(q)

... multiply by%
= 5p + 5g = 12u  Equation 1
N.E.L.

P=9 _ 1
8u_4u 2
5 5
:>5p—5q:_l
4u 2

=5p — 5qg = —2u Equation 2
Adding equations 1 and 2 we get
10p = 10u

=p=u

21




2

FUNDAMENTAL APPLIED MATHEMATICS

= Velocity of 1st sphere after impact
_ .3 uz
=ui +

= Speed of 1st sphere after impact
w2 + [8u)’
={u+ (5]
_ 2 36U2
= Vu + 75

_4/25u? + 36u?
25

=

q=36p+2u) .. from Equation 2

=q = %(SU + 2u)

_7u
=q==7

5

= Velocity of 2nd sphere after impact
7w | 3w
5' 7 5)

= Speed of 2nd sphere after impact
7u? | [3u)? _\/49u2+9u2
\/( 5 5 =15

_.[58u® _u _ V58
=Y 5 =5v8="5u

(i) Velocities after impact

— », bu? — U S
are vy = ui + 7 and v, =51t

6u
The slope of v, is given by m, = %
_6
5
3u
The slope ofv_z) is given by m, = 7i_u =%
5
m, —m
tanf=+— 2
1+ mm,
6_3
= tan 6 = 115 =~
t3s
_ 4215
35+ 18
53

Take the plus case to find the acute angle

7

53227

= 0 = tan





