FUNDAMENTAL APPLIED MATHEMATICS

Chapter 3 Exercise 3A

Q1. () s,=283) + %(—9.8)(3)2
=399 m
(i) Let H = maximum height
=938,

vy=0, s=H

u, = 28, a

v2 = u? + 2as
.0 =(28)?%+ 2(—9.8)H
-.0=784 —19.6H

.. H =40
(iii) sy=O
=28t —49t2=0
—~t=0 OR tzg
40
Att = =55, = 21t
_ ﬂ)
_21(7
=120 m
Q.2. v, =56
vy=56—gt
s, = 56t
_ )
s, = 56t 8t

(i) LetH = maximum height
u, =56, a =-98,
1 S 0, s, = H
v =u? + 2as
=0 =(56)% + 2(—9.8)H
~0=13,136 — 19.6H
SoH =160 m
(i) Range:s when s, = 0
S, = 0
= 56t — %gﬁ =0
=112t —gt? =0
— (112 —gt) = 0

—t=0 ¢ =112
-~
- _°.
Point of Time of
Projection Flight

= Range = 56[1172]

=640 m

Q.3.

(iii) Velocity after 4 seconds: Find v, and

v, whent = 4

v, = 56
= 56 — g(4)
=16.8

—V =560 + 16.8] m/s

v, =70
v, =105 — gt
s, = 70t

.
s, = 105t — Egtz
(i) Needv, and v, when t

v. =70

X

v, =105 — g(10) = 7

’ - % 2

=v =700 + 7

Magnitude

V| = V702 + 72

= 70.35 m/s

Direction

(i) Range:s, whens =0
S, = 0
= 105t — 1gt = 0
=210t — gt2 = 0
= (210 — gt) = 0

=t=0

e

Point of
Projection

= Range = 70[2;,70]

= 1,500 m

=10

210

t=%-

8

O
Time of

Flight
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(i)

(iii)
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G, = 21t — 4.9¢2
=224
=7t2-30t+32=0

= (7t —=16){t —2)=0

t=1° OoR

Z t=2

When it is at its greatest height,
v, = 0andyv, = 14, as always.
V=14 40

u, =49, a,=-9.8,
v, = 0, 5, = H
vZ =u? + 2as
5.0 = (492 + 2(—9.8)H

S H=1225m
5y=0
= 105t — 4.9t2=0

_ 105 _ 150

t=0 OR t—4.9—7

150
Att :7,5)( = 70t

_ 70(150)

7
= 1,500 m
v, =10
v, =49 — (9.8)6)
=938
SV =100 — 9.8 m/s

70

140 — gt

70t

140t — 1gt2
2

Need to find v, and v, whent =5

v, =70

v, = 140 — g(5) = 91

y_) > >
=v =70i +91j

Magnitude
V| = V702 + 912
= 114.8 m/s

Q.8.

Direction

_9
tan@ = 70

=13
10

=0= tan”lﬁl
10
= 52.43°
(i) Range:s when 5, = 0
S, = 0
= 140t — %gtz =0
=280t —gt>? =0
=t(280 —gt) =0

=t=0 t= 250
— 8
Point of Time of

Projection Flight

Range = 70[2gﬂ]

= 2,000 m
v, = 20
7= 28 — gt
s, = 20t

1
s, = 28t — Egt2

(i) Need 5, whent = 3

(ii) Need v, and v, whent = 4
v, =20
o= 28 — g(4)
=-11.2
=V =20 —11.2f
= Speed = V202 + (—11.2)2

= 2292 m/s
(i) v, = 0
=35 —-98t=0
_ 35
9.8

_ 25
7

=t
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(i) v, =105 Q.11. v, =100
=35 - 9.8t = 10.5 vy=98—gt
=t = % s, = 100t
_ % s, = 98t — %gtz
(i) v = —10.5 (i) Need to find t when s, = 470.4
=35 —9.8t=—10.5 =>98t—%gt2=470.4
= % = 98t — 4.91> = 470.4
65 = 4.9t> — 98t + 470.4 =0
T4 =t2-20t+96 =0
(iv) Midway between (i) and (iii) is —=({t—-8)(t—-12) =0
3t 25 . =t=81t=12
-2 _() QD /
Q. 9. = _490 (ii) Find v, and v, whent =8
= — 4.9t = —490 v, = 18
=t=10 vy=98—g(8)
Att =10,s = 200t =196
= 200(10) N “ H
— 2,000 m =v =100/ + 19.6
Q.10 0 v, =0 = Speed = V1002 + 19.6%
=98 — 9.8t = 0 = 102 mis
=t=10 Findvxandvywhent=12
(i) Att=10,s =10t v, = 100
=10(10) v, = 98 — g(12)
=100 m _ 196
s, = 98t — 4.9 B , ,
= 98(10) — 4.9(100) =7 = O = USky
=490 m = Speed = /100? + (—19.6)
=100/ + 490] m — 102 m/s
Q.12. v, =8
v, = 28 —gt

V82 + (28 -gt)? =10

= 64 + (784 — 56gt + g*t?) = 100

= g2 — 56gt + 748 = 0
2401, 2,744, .o
=725 "5 -

= 2,401t - 13,720t + 18,700 = 0

[ = 13,720 = \/1 3,720% - 4(2,401)(18,700)

2(2,401)
110 170
h=29° LT 0
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Exercise 3B

Q.1.

. 2 .
(i) cosa =—=, sina =—

V5 V5

= 7V5 cosai + 7V5 sinaj

> >

=14i + 7]
(i1) sy =0

=7t—492=0

7
4.9
10
7

=t=0 OR t=

10

Att=7

, s, = 14t

-1

=20m

U =35cos0i + 35 sinG;

_ 2c[4) 3
- 35(5): + 35(2

=281 + 21]

>

J

s, = 10
=21t — 4.9t = 10
= 49t2 — 210t + 100 = 0
=t = 0.546
Att = 0.546,
v, = 28 and v, = 21 — 9.8t

(OR 3.740)

=21 — 9.8(0.546)

= 15.65
- 2 3
v =280 + 15.65)
= |V| = V282 + (15.65)
= 32.08 m/s

_ -7 _10
=t=0 OR t—4‘9—7
10

Att=7,SX=10t

~ 1019

—10(7

_ 100

7
= R, the range

Q. 4.

35 _75
4R— i m
7
Sx_7
:>t=§
70
_15
14
Z15 o <715 4gf225)
Att—1 ,sy—7(14 4.9196
=7.5—-5625
=1.875m
5y=0
=4t —49t2=0
_ _ 4 _40
=t=0 OR t—4.9—49
_40 _ _
Att—49,sx—3t
_ @)
_3(49
_ 120 _
=19 = R, the range
124
..5R—49m
. 24 24
= =2 = ==
When is s, 29° When 3t 19
:tzﬁ
49
_8 . _ (ﬁ)_ _64
ALt =255 = 419 4'9(2,401)
_32 64
49 490
_128
245
\/1 U
- R
5R

By symmetry, it will reach the same height
whens = %R. The time will be % of the
4(40)_ 32

time of flight = 5 (49 =795

(@ (7t + 50)(t — 10)

(b) s, = —350
= 14t — 4.9t = —350
= 7t> — 20t — 50 = 0
= (7t + 50)t — 10) = 0O

(t= —? is rejected)



Q. 6.

Q.7.

Q.9.
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Att =105 =10t
=10(10)
=100 m

— 49 1 2
s, = 49t 2(9.8)t =0

S 49t — 492 =0
S t49 —49) =0
~t=0 OR t=10
att = 10,s, = 50t
= 50(10)
=500 m
(i) u, = 14, a, = -9.8,
S, = H, U= 0
v2 = u? + 2as

-0 =(14)% + 2(—9.8)H

S H=10m
D D
(ii) ZH_4H(10)
s, =7.5

Y
= 14t — 492 =75

= 49t2 — 140t + 75 =0

= (7t = 5)(7t = 15) =0

_5 15
= = 7 OR 7
sy= —82.5
= 8t — 4.9t2 = —82.5

= 49t — 80t — 825 =0

_ 330
=t=5 OR 98
Att =5,s =12t
= 12(5)
=60m
(i) s, = —78.4
= —49t2 = —-784
=t2=16
=t=4

(i) U = 98 cos30°% + 98 sin307

= 84.868] + 49
~78.4
= 49t — 4.9t> = —78.4

%)
I

Q. 10.

— 4912 — 490t — 784 = 0
=2 —10t — 16 = 0

=t=11.4 (—1.4is rejected)
u, = 50 cos @
~ 503
= 50(5
= 30
u, = 50 sin@
—cold
= 50[3]
=40
vV, = 30
v, =40 — gt
s, = 30t

1
s, = 40t — Egt2

(i)

(ii)

(iii)

=306 + l40t - %gﬁ]f

>

=306 + (40 — 4.92] m
v, = 30

Yy = 40 — g(1) = 30.2
=V =30 +30.2f mfs

Magnitude
[V] = V302 + 30.22

=43 m/s

Direction

~30.2
tan@ = 30
tan~1 30.2

30

=0 =
= 45°
Range: s, whens =0
s, =0
= 40t — %gﬂ =0
=80t —gt? =0
= (80 —gt) = 0

=t=0 = 80
- g
— =L
Point of Time of
Projection Flight
Range = 30(8g—0)

=245 m
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Q.11. s =12t
5, = kt — %gﬁ
s, = 30 when 5, = G575
= 12t = 30
5
=t = 5
when kt — 4.9t> = 9.375
5 512
=k(2) 4.9(2) = 9.375
5k _245 _75
2 8 8
= 20k — 245 = 75
=20k = 320=k = 16
.12. u, = ucosa u = usina
Q.12. u, : :
vV, = ucosa
Wy = usina — gt
s, = utcosa
S, = utsina — %th
. . ~ o
(i) Greatest height: s, when v, = 0 OR vi=u N 23),5),
_ - )
v, =0 0 = (usine)? + 2(—gH
| - _y  usin’a
= usina gt—O. SH= 2
— = Usina
8
. o
=> Createst height = U(usjgﬂ)sina _ %g(us;jn a)
2¢in2 2 cin2
= Greatest height = u S;g” a_u Szlg o
2 @fmr 2 — 12cin2
= Greatest height = 2u”sin aZg usin“ o
2cin?
=> Greatest height = Clat- Tl
28
(i) Range: s, when g =0 (iii) u = 70 and Greatest height = 125
02
5,= 0 - 4902% e
. 1 .,
= utsing — =gt2 =0
> = 250 sin’a = 125
= 2utsinag — gt? = 0 " !
=sin’a =5
= t(2usina — gt) = 0 1
=t=0 tzm :>sinoz:ﬁ
= 8
| i = q = 45°
Point of Time of 1 1
Projection Flight 9,800(—)(—)
2usina = Ran e:ﬂ
= Range = U(T)Cosa g 98
_ 2u?sina cosa = 500m
= Range = e
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2sin? 2u?sina cosa
13, Wsinla _
Q 2g g

=tana = 4

=g =76°

Q. 14. Let the speed of projection = u and the angle of projection = «

u, = ucosa u, = usina
v, = ucosa
v, = usina — gt
s, = utcosa

— utsing — Lot2
5, = utsina — ogt

H H 0 = 2 = 2

Maximum height: s, whenv, =0 OR v,o=u + 2as,

v. =0 -0 = (usine)? + 2(—gH

2¢in2
u“sin“ o
LH=130a

=usina —gt =20 28

usina
=t=——

. . lusing|. 1 [using|?
:MaXImumhelght—u( g )sma 2g( g )

u’sina  u’sin’a

= Maximum height =

8 2g
BBy — pane
= Maximum height = 2usin a2g —
Befinls
= Maximum height = £ e
%
Range: s, when s,=0
S, = 0
= utsina — %gtz =0
= 2utsina — gt> = 0
= tQusina —gt) =0
—t=0 t = 2usina
— N
Point of Time of
Projection Flight
_ [2usina
= Range = u g cosa
_ 2u?sine cosa
= Range == g

Maximum Height = 2(Range)

=>J/Zsin2 a_ 2(2uzsina CoS @
2

= sin?e = 8 sine cosa

= sina(sinag — 8 cosa) = 0
=sier—=10  sina — 8 cosa =0 ... divide by cose
=tana —8=0
= tano = 8
=qg=tan"'8

= 83°
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Loutsin?o 784 sin2a
Q15 () T =36 Q) = g = 40
-
2uTSiNaCOsa _ 195 () —sin20 =+
8 2
Dividing (1) by (2) = 20 =30° OR 150°
_tana _ 3 =a=15° OR 75°
4 16
_u?sin?o
:tana:% Q. 17. H_Tg
= sina =2 =>25:_1005in2a
5 ’ 19.6
Putting this result into @gives — sina = 0.49
9
UZ(E) =sina = 0.7
96 O°
B =T Q. 18. Asin Q. 18(iii), @ = 45°
U =14mfs H=u2sin245°
i) R u? 28
1l -0 2(1
max g - u (5)
_ 196 _ 2g
=98 20 m )
_u
Q.16. () 30°, 150° 48
2 i o
2 o U~ sin2(45°%)
(i) R = u Sén2a R_ig
2
u
=4 _u
0 g
Therefore, H: R=1: 4
Q.19. (i) LetT = time of flight

(ii)

~PT=60 ..(D)and QT - %(93)72 =0

When it is at greatest height
2 -2

v,o=uS T+ 2aysy
0=Q?+ 2(—9.8)(5.625)

~.110.25 = Q?

..Q=10.5

Put this into(ID):  10.5T — 4.972 = 0

nT=1
Put this into (D: 2| = 60
.. P =28
. 15
The greatest distance = 7 X N

=15m

@



Q. 20.
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Let the angle of projection = «
u, = ucosa u, = usina
v, = ucosa
v, = usina — gt
s, = utcosa

— utsing — Jot?
5, = utsina — ogt
Greatest height: s, whenv, =0
) = 0

= usina — gt =0

—t= usina
8
. .
= Greatest height = U(%)sina _ %g(ustlgna
25in2 2 fim?
= Createst height = u Sén a_u 5212 a
= Greatest height = 2u?sin? @ — u?sin’a
8 22
2 o
= Greatest height = uzsin“o
28
Range: s, when s,=0
Sy =0
= utsina — %th =0
= 2utsina — gt2 =0
= t(2usina — gt) =0
=t=0 = 2usina
' — 5
Point of Time of
Projection Flight
_ [2usinea
= Range = U(T)Cosa
_ 2u?sina cosa
= Range = ———5——
8
Createst height 7
" Range 7
= 2(Range) = 7(Createst height)
o[2u*sina cosa) _ [u?sin® a il by 28
= 5 = 28 ... multiply yu2

= 8sina cosa = 7sin? a
= sina(8cosa — 7sina) = 0
=35m0  8cosa — 7sina = 0 ... divide by cos o
=8 — 7tana =0
:tanazﬁ
7

= =1 §
=0 tan (7)

= 49°
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Exercise 3C

Q. 1. u,=V24gcosA u, = y24g sin A = ;—
v, = \/24g cos A % '
. /A T
vy=\/24gsmA—gt 16
s, =1\/24g tcos A
s, =y24gtsin A — lgtz
Y 2 sinA
= tanA
— 16 whens, =11 cosA
S, y =3
=/24gtcosA =16  when \/24gtsinA—lgt2=u 1y 2
2 3 o= 1 +tan"A
16 COS“A
=>t=—"—
V24g cos A
16 . 1 256 11
=248l ———=——SINA — 58| ———————| = 5+
g[\/24g cosA‘ 2g[24g cos?’A] 3
=16 tanA — 121 + tan? A) = 11
=48 tanA — 16 — 16 tan’ A = 11
=16tan’? A — 48tanA + 27 =0 ... letx = tanA
= 16x2 — 48x + 27 =0
= (@4x —9)4x —3)=0
_9 _3
=Xx=7 OR x = 2
_9 _3
=>tanA—4 OR tanA—4
=A=66° OR A=37°
Q.2. u,=+gcosA u, = V8 sinA _i- .
v, =g cos A Vg T
oA LA N
Wy = Vg sin A — gt ;_
s, = ty/g cos A
— inA— o2
S, = tyg sin A 78t
s, = % when 5, = % sin A
= = tanA L1 4tn2A
_1 : 1,21 [CosA Cos?A
=>t\/§cosA—§ when t\/gsmA—Egt =7
U
2,/g cos A
1 . 1 1711
- [2\@ cosA| VB SinA 2g[4gcosz/\ 4
1 1 1 .
=tanA — o1 + tan? A) = a multiply by 8.
=4tanA — 1 —tan?A =2
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=tan’A —4tanA+3 =0 ..letx=tanA
=x2—4x+3=0
=Kx-3)x—-1) =0
=x=3 OR x=1
=tanA =3 OR tanA =1
=A=72° OR A =45°

u, = 4/2g cos A u, = 4y/2g sin A
v, = 4/2g cos A
vy=4@sinA—gt
s, = 4ty2g cos A

= inA— Jop
5, = 4n/2g sin A — gt

sinA _ 1 _ 5

s, =8 when 5, = 14 oS A = tanA oA 1+ tan“ A

= 4t/2g cos A = 8 when  4ty/2g sin A — 1Egt2 = 14/ \

= ty/2g cos A = 2

2 2 . 1 2
>t=— = 44— (y/2gsinA — = =14
V2g cos A V2g cos A V28 78 gcos? A

=8tanA — (1 + tan? A) = 14
=tan?A — 8tanA +15=0 ...letx=tanA

=x>—-8+15=0
=Kx-5Kx—=-3)=0
=x=5 OR Xx=3
=tan A =5 OR tanA =3
=A=79° OR A=72

We get the time of flight by lettings = 8 (Flight ends when it hits the target)

. . . 1
Firstly, look at the particle fired at an angle A where tan A = 5 = cos A = —
Y, p 8 26

= 4t)/2g cos A = 8

= ty/2g COsA = 2
2

V2g cos A
-l
8 lcos A
_ .2
_\/;m

52
=15 =23
g S

Secondly, look at the particle fired at an angle A where tan A = 3 = cos A =
il
8 lcos A
2 20
= 5V10 =5} = 1.4
\/; g ’

=t=

2-
@
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u = 70V5 cos A u, = 70V5 sin A
v, = 70V5 cos A

v, = 70V5 sin A — gt

s, = 70tV5 cos A

5, = 700V5 sin A — Zgt?

(i) s, =700 when s, =910 <700 m—>
70tV5 cos A = 700 when 70tV5 sin A — %gt2 =910
700 1 _ 2
—-t=—"1 . =1+ tan* A
70V5 cos A SINA _ 1 anA cos’A
. 10 COSA
=t=———
V5 cos A T~ /
100
70 V5 sin A — [ =910
- l\/— 5 cos A ] I 2g 5 cos? A

=700 tan A — 10g(1 + tan? A) = 910

= 700 tan A — 98 — 98 tan? A = 910
=98tan’ A — 700 tan A + 1,008 = 0 ... divide by 14
=7tan’ A —50tanA +72=0 ... letx=tanA

=7x2—50x+72=0

= (7x — 36)(x — 2)

:xzﬁ OR x=2
7
:tanAz% OR tanA =2

=x=79° OR x =63°

(i) First particle is fired at an angle A where tanA = 36 = COSA =
7 1,345
Time of Flight: Lets, = 700 (flight ends when it hits the target)

= 70tV'5 cosA = 700
= tV5 cosA = 10

10
V5 cosA

_ 25

COSA

V1,345
x/?[ ——|=23435

==

=

Second particle is fired at an angle A where tanA = 2 = cosA =
Time of Flight: Lets = 700

= 70tV5 cosA = 700

2V5

=t =
COSA

=2\/§[§] =10s

(i) 23.43 — 10 =13.43
= 13.5 seconds elapses between Tst and 2nd hit to the nearest half second.
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10

100

.5. (@) sin?A + cos? A = 1[+ cos? Al = 35V5 sing |———| — ):210
Q & V5 cosa 5 cos? a
= tan?A + 1 = sec? A = 350 tana — 98 sec2 a = 210
(b) u = 35V5 cosal + 35V5 sinaj = 25 tana — 7 sec? ¢ = 15
5 = 25T @mEen — 350 = 25 tana — 7(tan’ @ + 1) = 15
X
350 =25T— 71" -7=15 (whereT=tana)
—t=—22
35V5 cosa — 712 — 25T+ 22 =0
_ 7\@1&50[ = (7T—11)T -2 =0
10 :tana=% OR 2
Attt = —————
V5 cosa 7 1
= cosa =—— OR —
) V170 V5
g, = 35V5 sinat — 4.9t2
NOW[ :L
=210 V5 cosa
=D v3as or 105
Q. 6. Bullet
Angle of projection is & where tana = %
= cosa = Land sina = s
V5 V5
u = 70V5 cosa
=70V5 (i)
V5
= 140
u, = 70V5 sina
1
= 70\/3(—)
V5
= 70
v, = 140
= 70 — gt
5, = 140t

= 70t — Lo
sy—70t th

Bullet will strike fighter when bullet has travelled 210 m vertically, i.e. when s = 210.

70t - 2gt2 = 210
=49t2— 70t +210=0
= 7t2 — 100t + 300 =0

= (7t = 30)t —10) =0
30

=>t=7/t=10
—t=39
7

... divide by 0.7

... bullet will strike fighter on the way up

13
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Bullet

(i)

(i)

Let the angle of projection be o.

u, =v, =35 cosa = 28 ... must match the speed of the bird

= COsa =

5

= tana = 3

4
—q=tan"13

o~

u, = 35sina
_ E)
= 35(5

=21

=5, =21t - %gt2

Bullet will reach bird when s, = 5.6

=21t — 4.9t = 5.6

=49t = 21t + 5.6 = 0 ... divide by 0.7
=7t -30t+8=0

=7t=2)t—4)=0

— = %, t =4 ... bullet will strike bird on the way up
=2
=t=3s

u, = 35 CosA

u, = 35 sinA

X =s = 35t cosA

y =s, = 35tsinA — %gt2

250y = 250(tanA)x — (1 + tan?A)x?

< 250(35tsinA — %gt2 = 250(tanA)(35t cosA) — (1 + tan?A)(35t cosA)?

< 8,750tsinA — 1,225t = 8,750 tanA cosA — (1 + tan?A)(1,225t? cos?A)

. . 1
< 8,750 sinA — 1,225(2 = 8,750 sinA — (—) 1,225 cos?A
i i 5 ¥( )

< 8,750 sinA — 1,225t = 8,750 sinA — 1225t> QED

250y = 250(tanAx — (1 + tan? A)x?> ... letx =40 andy = 20
= 5,000 = 10,000 (tanA) — (1 + tan?A)(1,600)
= 1,600 tan?A — 10,000 tanA + 6,600 = 0 ... divide by 200
= 8 tan’A — 50 tanA + 33 =0
= (4 tanA — 3)2 tanA — 11) =0
3 11

=>tanA=Z,tanA=7
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Will reach target when x = 40

_3
tanA—4

= COS A =

SUESINETEN

=X = 35t(

|

= =40

= 28t = 40

_10
=—5

=t 7

_11
tan A = 5
=>cosA=i=L
V125  5V5
2
= X = 35t——=
5V5
=40
14t
=-— =40
V5
_20V5
t—TS

A
S0lE m/%ﬂ 18.375m
6 |

~
N

-5 _12 g5
tan@ = 1 = cosf = 13 and sin@ = 13
U, = 50.96 cos0 = 50.96[15| = 47.04

_ B a 5 _
4, = 50.96 5in 6 = 50.96(13) — 196
ve, = 47.04
v, =19.6 - 9.8t
5, = 47.04t

g, = 19.6t — 4.9¢2

Passes over a wall 14.7 m high on its
upward path.

Find s, when Sy = 14.7 to find the

horizontal displacement of the first wall.

5, = 14.7

= 19.6t - 4.9t 2 = 14.7 ... divide by 4.9
=4t-t?=3

=t?-4t+3=0

= (-1)t-3)=0

=t=1 OR t=3

= Passes over wall after 1 second.
s, =47-04t ..lett="1
=5 = 47.04 m

Now find s when 5= 18.375 to find

horizontal displacements of the two possible
walls of height 18.375 m.

S, = 18.375
= 19.6t - 4.9t> = 18.375 ... divide by 4.9
=4t - t? = 3.75

= t2—4t 4+ 3.75 =0 .. multiply by 4
=4t - 16t + 15 =0

= (2t-3)2t-5) =0

_ o 2
:t—z OR t—2
s, =47.04t .. lett 2%
=s = 70.56

70.56 —47.04 = 23.52

= Second wall must not be less than
23.52 m from first wall.

5
s, =47.04t .. lett= 5

s, =117.6
117.6 —47.04 = 70.56

= Second wall must not be more than
70.56 m from first wall.
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FUNDAMENTAL APPLIED MATHEMATICS

Q. 10. (i) Letinitial velocity = u and let the angle of projection be 6
u, = ucosé uy=usin0
s, = ut cos @
— utsing— let2
s,= utsin@ — S8t
s;= 27ands = 0whent =3
= 3u cosf = 27 and 3usind-44.1 =0
= ucosf =9 Equation 1 = using = 14.7 Equation 2
= Horizontal component of initial velocity = 9
Vertical component of initial velocity = 14.7
(i) Need to find's, whens, = 5.4 (i) Need to find v, and v, when t = 0.6
= 9t =154 e =9
= t=06 Vy:14.7—gt
s, = 147t-4.9¢  ..lett =06 = I =00
= 8.82
= 5, = 14.7(0.6) - 4.9(0.6)? . X
V=9 + 882
=7.056 m ... height of wall .
Speed = |V |
=V9? + 8.82?
=12.6 m/s
Q. 11. (i) s =ut (i) u=20g
1
5, = —58t° =14 m/s
s, = —0.1 whens =2 (i) v, = 14
ut =2
v, = —gt
Y 1
1 P -9.8 (—)
—Egtz = -0.1 o lett = U 7
=_1.4
1 (4)_ ’
=78 [a] = 01 e
v ="14i — 1.4
28
T Speed = |V|= V142 + (-1.4)2
— u2 — 20g = 14.07 m/S
= u = /20g m/s
2
t=a
-2
20g
= l S
7




Q. 12.

(i)

FUNDAMENTAL APPLIED MATHEMATICS

vV, = ucoso

v, = usina —gt
s, = utcosa

s = L
sy—utsma—zgt

Range: s, whens =0

y
utsinoz—%gt2 =0
= 2utsina—gt> = 0

= tQ2usina—gt) = 0

—t=0 t = 2usina
- 8
Point of Time of
Projection Flight
_ [2usina _ 2u?sina cosa
= Range = u g cosa = B E—

> >
Passes through 3i + j
=5, = 3whens =1
= utcosa = 3 when utsina - %g# =1

9
u?cos?a

=t ul ]sina—%g =

~ Ucosa ucosa
9
= 3tana——g2(1 +tanZa) = 1
2u
= 6u’tana —9g(1 + tana) = 2u?
= 2u¥3tana—1) = 9g (1 + tan?a)

9g(1 + tan?a)

2:
=2u 3tana—1

> >
Passes through i + 3j = s =1whens =3

= utcosa = 1 when utsinoz—%gt2 =3
St=—l_ = u[L]sin LYY S - -
~ ucosa ucosal M98 | 2cos2al
g 24) =
= tana - —(1 + tan’a) = 3
2u?
=tana—g _3ana=1 }q 4 an2g) =3
9(1 + tan’a)
=>tan0:—%= 3

= 9tanag-3tana + 1 =27

= 6tana = 26
13

=tano = —

3

2 = 9(1 + tan’a)
T TSana-1
.. multiply by 3
... as required

17



FUNDAMENTAL APPLIED MATHEMATICS

:cosa=i and sincr=1—3
V178 178
9g[1 + 162
5 , 91 +tan’a) 78 9 | 9g+169g 178g
YT Sane-1 0 13-1 12 12
(1785)( 13 )( 3 )
R _ 2u%singcosa ' 12 1\W178]\V178) 13
ange = = =—m
8 8
T | _4 4u, _
Q. 13. smG—5 = 6059—5 5t 240
uxzucosez? uyzusm@:? =>t=¥
4u
Vo= _ 3—“[@]—1 [9,0000 _
yo=3u 50U 287 2
y~5 8 441,000
4 =180 -—5— =90
% 5
§ =3_U _lgtz =>441,;)OO=90
y 5 2 u
5, =240 when s =90 =u’ = 4,900
=u=70m/s
Q. 14. () Bullet Target
v, = 70 cosf v, = 42V2 cos 45° = 42

v, = 70sin6—gt
s, = 70t cos@

= 70t sin 6 — Lot?
s, = 70tsin€ — 8t

v, = 42V2 sin 45° = 42
s, = 42t
s, = 42t + 10

If bullet is to hit target, then x-velocities must match

= 70cosf =42 = cosO =

42 3

70 5

= tanf = 3

(i) Hits target when y-displacements match

= 70tsin@—2gt? = 42+ 10 _..sinf = 2

4
= 70t(5) -

1
2

5

gt? = 42t + 10

= 56t —4.9t2 = 42t + 10

=492-14t+10=0
= 49t2 - 140t + 100 = 0
= (7t -10)(7t—-10) = 0

=t= 10 seconds

7

Horizontal distance = s, = 42t = 42(

s

10

7)= 60 m





