FUNDAMENTAL APPLIED MATHEMATICS

Chapter 10 Exercise 10A

The answers given on page 261. No solutions
necessary.

Exercise 10B

Q.1. () sy=usinat—%gcos[3t2=0

2u sin o
g cos B
= time of flight

=t=0 OR t=

(i) vy=0=usina —gcosft=0

usine _ 1

:gcosﬂ 5 (time of flight)
_ °_otsin30° = U _&
Q.2. v, =ucos45°—gtsin 30 =z 2
tV3
% =usin45°—gtcos30°=i—g—
y V2 2
2
_ 0 2 o_ ut 8
s, = ut cos 45 2gt sin 30 N
2
_ ut sin 450 _ 1o o_ut V3
sy—utsnn45 —2gt cos 30 V7 2

Range: s, whens =0
ut 8°V3
V2 4

= 4ut -gt?v6 =0
= t(4u -gtvV6) =0

=0 ... multiply by 4v2

4u . .
=t=0 t=—= ...substitute intos
Point of g\'/g !
Projection ——
Time of flight
= Range = SNE R
V2|gV6| 4| 6g?
s Range — AU’ _ 20’ _ 2w 2u?
gV12 38 g3 38
_ 2u%V3 - 2u?
38
= Range = 72u2(\/§_ D
g - 3g

Maximum perpendicular height:
s, when v, =0

tV3
%_E”T =0 ... multiply by 2
=uV2 -gtV3 =0
=i = ﬂ ... substitute into s
gv3 /

= Maximum perpendicular height

_ ufw2]_8v3[au
V2|gV3| 4 |3g?
Ve U
gV3 2gV3
_2ut-u?
2gV3
_w V3
2gV3 V3
_V3u?
68
cosa =2
5 ———=a
sina/=E . -
_12
cos B = 3 B
_i
sin 8 3
5y=0 1
=>1Osinat—§gcos/3t2=0
_ b0
= 6t 13gt
B 13 :
=t=0 OR t—?—tlmeofﬂlght
Att—g,s —1Ocoswt—lgsinﬁt2
-f8f] b3
B g
143 _
28 R, the range
13 _26
ths of the time of flight = 5 X g 5
676
Att 5g’ Sx 10( )( (13(25g2
_ 208 26 _ 182
58 58 58
182 _ 28 (143| _ 28
Now, 5.~ =35 Zg) 551
s, = 10 sin( — 309t — %cos 30° gt?

o 1 H o
s, = 10 cos(a — 30°)t — 5 sin 30° gt?
(i) If @ = 75°,

_ 0 o _l o 2
s, = 10sin 45°t 2cos30 gt==20

10, V3 _,
—t——t =0
== 8

40

V6

=t=0 OR t=
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40
Att = —,
Veg'
S —1O(L) 40 __( )(1 600)
= 07zl e~ 22K e
_ 200 _ 200
IRERE
~200(v3 — 1)
=g
(i) If @ = 60°,
sy=1Osin30°t—%cos30°gt2=0
10, V3 o
:>\/7 7 —gt-=0
20
=t=0 OR t=-"—
V38
Art =22
38
S :1O(Q)A ~ 1{1]gf400
x 2 l\y3g]  212F| 38
_ 10,000 100 _ 200
g 3 3
_ 11 g 2
tan~' 2 = cos™! —= = sin”! =,
V5 V5
G=7i +14
P\ 4
Taking the horizontal as the x-axis.
1
v, =0 = 14-ogt=
= t=zgﬁ8seconds

= time to reach greatest height above the
horizontal.
Now taking the line of greatest slope as the

P
X-axis, Uu=u cos(B — I + u sin(8 - a)j
But, cos(8 — @) = cos B cos o + sin B sin «

_1.2 .2 1 _4
V5 V5 V5 V5 5
Therefore, sin(8 — a) = %

vy=0 = usin(f—a) — gcosatzO
3 102
:>7\/§(§)—§gf)t—0
3&_£t 0

5 56

=i = 21 seconds

g

Theratiot, : t, =

=
No

sma—ﬁ,cosa—1—
ing =24 =3
S|nﬁ—5,cosﬁ—5

sxzucosﬁt—%gsinwt2

k-

— 6t — 2 of?
= 6t 265
s =usinﬁt—lgcosort2

- ofth - 124

- ﬁgtz

sx=25y=6t—

gt = 2(8t — 28t

19
:%gtz - 10t =0

. 1 o
sy=0:>L115|nﬁt—§gcos45 t2=0

4t — ——=gt? =
- 2V2 5
=t=0 OR t=%=timeofﬂight
. g
= = 45°t =8 — ——t
Vv, = U Cos B — gsin V7
_ B2, __(M)
Att = g =38 Nl
=8-8=0m/s
vy=usin,[3—gcos45°t=4—%t
8v2 _7(8\/—)
Attt = —— 7Y =4 58

=4-8=—-4m/s

z\le2+vy2 =vV0+ 16 =4 m/s



FUNDAMENTAL APPLIED MATHEMATICS

. . 1 5
. 8. s, = 0= V76 sin t——(—tZZO
Q (i) . = in o 28 NoT
—~t=0 OR t:52sma
58
. 1 1
s =V26 cosat — =gl—|t?
0 o= s
Att = 52 sin a/
58
2 sin o 1( 1 \[2,704 sin?
- o2 ol
S, Cos o 5¢ ENeTS 252
_ 52V26sinacosa _ 52V26 sina
5g 258
= %S;M[(S cos & — sin @) = the range
. . 1 5
|f = th = = 7; = —
(iii) If ¢ = Bthen sin a = sin B T3 CcoS o o3
_1
*. The range = 52\/%(\/%» 25 )
- 25¢ V26 V26
_ 48V26
258
(iv) If @ = 2B, then sin & = sin 23
= 2 sin B cos B
v v
26 \V26
-2
13
Also, cos @ = cos 28 = cos’f — sin’B
2 _ 1
26 26
_12
13
52V26(|
*. The range = 3 (@ — i)
a 8 25 |13 13
_ 44V 26

13g

Q.9. v,=ucosa+ gtsinp
vy=usina—gtcos,3
1 .
5X=utcosa+§gtzslnﬁ
= ut sin o — Lot?
s, = utsina-ogt cos
Range: s, whens = 0
5y=0 1
=> ut sin a—Egt2 cos =0 ... multiply by 2
= 2ut sina —gt?> cos f = 0
= t2usina—gtcos f) = 0
2usin o
EE—gERe e ol

Point of g COs ﬁ

Projection — ——
Time of Flight




=R

=R

Range = Sx when t = M
g cos B
2usin o 1 [4u?sin’a .
COS(Z+—gﬁ5|nﬁ
gcosp 2°| g% cos’p
_ 2u¥sinagcos g , 2u*sin*asin B
g cos B g cos?f8
2u? sin @ sin a sin 3
== @5 @ +————
g cos 8 cos f

=R

=R =
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_2u? gina[cosacosﬁ+ sina sin 8
~ gcosp | cos j
... COS A cos B + sin Asin B = cos(A —B)

_ 2
g cos’ B
...2sin A cos B =sin(A + B) + sin(A —B)

[sin & cos(a — B)]

In this equation, u, g and S are fixed. Only
o, the angle at which the projectile is fired,
can vary.

The maximum value for the above
expression is where sin(2a — ) = 1

= 20— = 90°
e D
2
Also, if sin2a — B) = 1, then
R - U g + sin Al
max g COSZ,B
=R = u* 1 + sin Al

max g(—l _ sin2 ﬁ) [

2

u .
=sin AcosB = %[SIH(A 4 B) F sin(A = B)] = Rmax = g('l —sin ﬂ)(i—#srn”ﬁ)’“ n ﬁ]
2 (1. : u?
R=—2Y {— 20— f) + } =R _=—t
= T z[sm( o—p) + sin f] mex = g —sin f)
2 . o _20°+90° _ .o
=R = ———[sin2a - B) + sin f] () p=200=a=""——""=55
g cos” B i i
... as required (i) f=0°=a= 0"+ 90° +29O = 45°
Q.10. v, =ucosf-gtsina
v, =u sin 6 — gt cos o
s, = ut cos 6—%gt2 sina
— ut sin 6— Lot
s, = utsin 6 — 8t° cos a
(i) For time of flight, let s, = 0
= ut sin 9—%gt2cosa =0
= 2ut sin 6 —gt? cos a = 0
= tQ2usin@—-gtcosa) =0
_ _2usin @
=t N U= g cos o
Po.lntf)f
A eIy Time of Flight
(i) Range:s whent = %
_R _ JJ2usin®] oo 1 [4u?sin’f) .
ange = U5 co5 o [0S 0 - 58 2 cos’a sin
. Range — 2u?sin @ cos §  2u? sin’@ sin o
8 & e @ g cos’a
_ 2u?sin 6 cos 6 cos o — 2u? sin6 sin o
= Range = B
g cos’a
2u? sin 6[cos 6 cos a — sin O sin @]
= Range = 5
g cos’a
2u? sin B[cos(@ + a)]
= Range =

g cos’a
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u?[sin (26 + @) + sin(-e)]
g cos’a

= Range =

u?[sin(26 + a) — sin a]

= Range =
8 g cos’a

Everything is fixed except 6. Therefore, maximum range occurs when sin(26 + @) = 1

= 20+a=7
:26=%—a
_lyz_
:9—2(2 a)
. B . e uV3 o gt
Exercise 10C Q.2. v, =ucos30°-gtsin 30 =5 5
= 30°— gt cos 30° = 4 - 8Y3
Q. 1. syzO:usin(a—ﬂ)t—%gcosﬁtz=O Yy TUCOS ST COS ST = T
o B o 1 . ape_ UtV 8
@GR _ 2usinl@ — f) 5, = ut cos 30° -5 gt sin 30° = —= -~
g cos B
. . 1 ut gt°v3
Now, v, = u cos(a — ) — gsin Bt s, = ut sin 30° — 5 gt? cos 30° = = —=——
X 4 2 2 4
But _Ott_2usin(a—ﬁ) )
utv, =0a = gcosp For landing angle, need v, and v, when
2u sin@ — B) 5 =0
7 —
s ucosla— f) — sinﬁi)ZO t2y3
g g cos f3 “?t_g4 =0 ... multiply by 4
Divide by u cos(e — ). = 2ut-gt? V3 =0
=1—-2tan(e — Ptan =0 =>t(2u—gt\/§)=0
= 2tan(e — B tan g =1 —t=0 tzz_u
oint 0 3
If (@ — B) =E/ thentan (@ — B) = 1 p,Pojectﬁ;n iv—»/
4 Time of Flight
and hence 2 tan 8 = 1 y :uﬁ_g 2u :U\/?_L
3tanﬂ=l 2 2(gV3 2 V3
2
_3u=2u
:sinﬁz%andcosﬁz% 5\6
U si _ __u_
In this case t = %Zﬁﬁ) 23
J _u 83 12u)_u_,_ u
:2u(5):\/§u YT 2772 |g/3] 2 2
g2N5)  V2g Let landing angle = 6
1 .
s, = ucos@ — Pt — g sin ft2. %
2 tan0=——y=H><—2\L/F=\/§
\/gu VX 2
A’[tZﬁ .
; =0 =tan" V3 = 60°
5= L)) - 1g L2
V2l |Vag) T 285 22
_V5u?  V5u?
28 4
—\/guz—Rane
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s, = 0=usin (0/—45")t—%gcos45°t2 =0

— usin(a — 45 — ——gt2 = 0

2V2
t—-0 OR t= 2\/7u5|n§a—45)
= time of flight
v, = usin(a — 45°) — %t

At time of flight,

) cin(y — 459 _ 8 2ﬁusin(a—45°))
vy—usm(a 45°) > 2
= —usin(a — 45°)
8
= _ 450 — S ¢
vV, = u cos(a ) 5
At time of flight,
v, = u cos(a — 45°) — % 2V2u Slg(a — 45 )

= u cos(a — 45°) — 2u sin(o — 45°)

tan g = ny
_ u sin(e — 45°)
u cos(a — 45°) — 2u sin(e — 45°)
tan(a — 45°)

1 — 2 tan(e — 45°)
oy _ _tan o — tan45°
But tan (& — 45°) 1 + tan o tan 45°
_tana -1
1+ tana

tana — 1
1+ tan

T- 2( t1an+at;1 10:)

_ tan o — 1
T+tana — 2tanao + 2
_tana —1
3 —tana
(i) If it lands horizontally, then g = 45°
-1 _tana -1
3 —tana
=3 —tana=tana — 1

sotan g =

=tana = 2

(ii) If it lands vertically, then g = 90°
tana — 1

3 —tana

L3 —tana =0

= undefined

stana =3
(iii) tana —1 _ 1
3—tana 3
s 3tana—3 =3 —tana
s 4tana =6

sotano =

No |

7

Q. 4.

1 _\/7 . 1
tano = —==cosa = —=andsina = —

V2 V3 e
% =ucosa—gtsina=ﬂ—g—t
X \/? \/?
: . u 82
v,=usina—gtcosa = ——=—"—
y Vi V3
S =utcosa—1—gt25ina:Utﬁ_ﬁ
* 2 V3 2V3
s =utsino;—lgtz(:OS(nlzu—t—th\/7
’ 2 V3 2V3
(i) Lands at right angles if v, = 0 when
5y=0
Lut 82 _
V3 2V3

= 2ut-gt?VvV2 =0
= ((2u-gtvV2) =0

2u _ uv2
= Point of g\/j g
Projection -
Time of Flight
g w2 8 ﬂ]
V3 V3L &
X \/? \/?
= Strikes plane at right angles
(i) Range: Finds whent = %
= Range = uv2 Uﬁ]_ 8 2_‘/2
V3 1 8 2V3 | g2
= Range U T Ve
g3 gV3 gv3

(i) Total Energy in the beginning = 1Emu2

Total Energy at point of landing
1

=5 mv? 4+ mgh
... where h = height above take-off
position
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1 _,[83
— L _ple"=
V3 u?
= 3gh = u?
_u
=h = 3
Velocity at landing is v, when t = ?ﬁ
since v, = 0 at landing
_u g\/— U\/_] u 2u
=V = —_ =
V3 V3 V3
=Y
V3

= Total Energy at landing

= -] +m g3g
Potential Energy

Kinetic Energy

_mu, mdu> 1,
=76 T3 Tmu

3 _1

tana—4,tanﬁ—2,

To prove: tan 6 = 2
u,=ucosf
uy=usmﬂ

a, =-gsina
a,=-gcosa
VvV, =ucosf-gsinat

v, =usinfi-gcosat
sx=ucos[3t—%gsin0ﬂ:2
sy=usin[3t—%gcoso¢t2

It lands when 5, = 0

=>usin,lit—%gcoso:t2 =0

2usinf

=t=0 OR t= W = time Ofﬂlght
sin
At this time, v, = u cos f—g sin a guTlsf

= u cos B—2utan asin

. 2usinf .
vy—usmﬁ—gcosaw = —usin B
%
-7
tan 6 = v,
usin g
"~ ucos B-2utan asin B el

tan B
1-2tanatan g

1 2 .
tanao = = =cosa = —and sina =

2 V5 V5

Vv, = U Cos 6 — gtsina

0 8
=ucosf——
V5
v, = usin @ — gtcosa
2gt
=usinf——=
V5
_ 1,026
SX—utcose—igt sin o
£2
=utcosd — —
2V5

For time of flight, lets =0
gt?

=utsind——==0
V5
utV5sin@ —gt> =0

twV5 sin @ —gt) =

.. multiply by V5
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uv'5 sin 0
=t=0 t=—"
- g
- -
Point of Projection Time of Flight

For landing angle, find v, and v,

uV'5 sin 6
: <
u(cos 6 — sin 9)

vyzusme ﬁ%ﬂ

=usin@—2usin® = —usin @

when t =

\/751|n0

We know that the landing angle is  where

_1
tano:—2
-V

We also know that tan o = v !
X

I |
v, 2
_ 6sin 0 _1
U(cos @ —sin 6 2

= 2 sin @ =cos 6 —sin @

= 3 sin 6= cos 6 ... divide by cos 6

=3tan 6 =1
= tan 6 = % .. as required
= Range: Find s when t = %sme
R t 0 8t
= Range = ut cos 6 — ——=
g = 2V5
1 3 . 1
.tan @ = =cos O = and sin @ = —
3 V10 V10
= Range
_ U\F H ] 5u2( 1 )
Vi 2V5
= Range = DB _ o
108 4g/5
= Range = soer = by
20gV5
_ _25u?
20gV5
__5u?
4gV'5
utVs5
8

Q.7.

Q
i
!
h!
4gV2 '
!
) y
tan @ = + = cos & = —>— and sin @ = ——
3 V10 V10
(@) v, =ucosa — gtsin 6
3 .
=4 \/7(—) —gtsin @
&Y\ o)~ 8
_12g
\/_ —gtsin 6
vy=usina—gtc050
1
=4 \/5(— — gt cos 0
&Y\ o)~ 8
4g
\F — gt cos 6
s, = ut cos a — 1Egt2 sin 6
_ 3V 1 5
= 4g\/§t(—m 58t* sin 6
12gt
= TSg - %gt2 sin 6
s, = utsina — %gt2 cos 6
= 4g\/7(—1_0) — %gt2 cos 0
4gt
= % - 1Egt2 cos 6
For landing angle, need v, and v,
whens, =0
y
4ot
\/gg 1gt2 cos =0
.. multiply by 2V’5
= 8gt —gt2\/§c056= 0
.. divide by g
=8t — t?V5 cos 6 =0
8-t/5cos6) =0
8
t=0 t=——
- V5 cos 6
S
Point of Time of
Projection Flight
12g 8
=— - sin
T Vs g[\/gcos 6
_12g 8gtan
V5 V5
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4g(3 — 2 tan 6)
V5

_ 18 8
vy_\/§ g[\/fcose

]cos@

_ 8 V5
V5 483 —2tan 6)

1

3—2tan @

=3tanf — 2tan? 6= 1
=2tan?6—3tanf+1=0
=(2tan 6 — 1)tan6—1)=0

:tan@:l OR tan6=1

2
:>6=tan‘1(%) OR 0= 45°

= tan 6 =

(b) (i) Lettan &= 0.5
_8g d _ %
=%=7 an W=7
=T T
= = 2 N
B A B Y
_ . [64g%  16g?
5 75
_,[80g?
- 5
=1/16g> = 4g m/s
(ii) Total Energy at P = %mu2
_1 2
= 2m(4g\/7)
_1 2
= 2m(32g )
= 16mg?

Total Energy at Q = %mv2 + mgh

In order to find h, must firstly find

range.
i.e. finds whent = \/g%ose
5 =
335
_ 12g(4) 1 1
Range = = - 5g(1 6>(ﬁ)
48g 8g

V5 V5

Q. 8.

= Total Energy at Q

= %m( 4g)*+ mg(8g)
= 8mg? + 8mg?
= 16mg?
This is the same as the total energy at P.
Vv, = U Cos @ —gtsina
v, = ucos 6 —gt cos o
_ 1,26
s, = ut cos H—Egt sin
g 1
5, = utsin 0—§gt2 cos a

For landing angle, need v, and v,
when s,=0

ut sin 0—%gt2 cosa =0

= 2ut sin 8 - gt?> cos @ = 0

= t(2usin@—-gtcosa) =0

. _2usin @
=t=0 = g COS &
Point of -
Projection Time of Flight

. 0 2u sin 6 in
Ve = UCos -8 eros | Sin @

= u cos 8 — 2u sin @ tan o
= u(cos 6 — 2sin @ tan @)

2u sin 6
g cos o

vy=usin0—g[ Cos o
= u sin 6 —2u sin 0
= —-usin @

Lands horizontally

= Landing angle = o

-V
Y

tan a =
X

_ usin 6
u(cos @ — 2 sin @ tan @)
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sin 6
cos 80— 2 sin 8tan a

=tan o =

= sin @ = tan @ cos 6 — 2 sin O tan? o
... divide by cos 6

=tan @ =tan o — 2 tan O tan® o

=tan O (1 + 2 tan? @) = tan o

tan a

=tnf=_——-—
1+ 2tan‘ o

sin
COS o
2 sin? o
cos? o

= tan 0 =
14+

... multiply top and bottom by cos? &

sin o cos a
= tan 0 = B =
cos” a + 2 sin‘ o
—tan 6 = . sin & cos o .
cos” a + 2(1 —cos” o)
—tan § = 2smozcosoz .
Cos“ a + 2 —2 cos” a
—tan 6 = 5|nac025a
2 —Cos” o
v, = u cos 6 —gtsin 60° Note: 0 is
gtV3 the angle
= ucos 60— > between the
. 0 rojection
v. = u sin @ — gt cos 60 P
Y & . and the
= usin(6 - 60°) —% plane.

1 . o
s, = ut cos 6 — Egt2 sin 60

gt?v3
2

= ut cos 0 —

. 1 o
s, = utsin 6 - Egt2 cos 60

t2
= ut sin Q_T

Maximum Perpendicular Height: Find s,
whenv =0
y
gt

usm0—?=0

=2usinf—-gt =0

:t:2usin9
8
- 2 i
:H:u[2usm ejsme_g 4u?sin® 0
8 4 g’

_ 2u*sin’ @ u’sin’ 6
g g
_ u*sin’ 0

8

=H

=H

For the second part of the question, we let
s, = Hsin? 6
g’

= ut sin G_T

8
= 4gut sin 6 — g’t> = 4u? sin* 0

sin2 6 ... multiply by 4g

= g2t — 4gut sin 6 + 4u?sin* 6 = 0

This is a quadratic equation in t

4gu sin 6 = \/16g%u? sin2 6 — 16g%u? sin* 6

=t =
2g?
4gu sin 6 = \/1 6g%u? sin? O(1 —sin? 6)
=t=
2g?
4gu sin @ = \/16g%u? sin? 6 cos? @
=1 =
2g?
4gu sin 6 = 4gu sin 6 cos 0
=t=
2g?
... divide top and bottom by 2g
__2u sin @ = 2u sin 6 cos 0
=t=
§
__2usin @ + 2u sin 6 cos 0
= t1 =
§
_ 2usin 6(1 + cos 6)
8
_2usin @ — 2u sin 6 cos 6
andt, =
§
_ 2u sin 6(1 — cos 6)
8
_ 2usin 6(1 + cos 6)
t,—t, = g
_2u sin 6(1 — cos 6)
8
= %[1 + cos 6 — (1 — cos 6)]
_ MQ cos 6)
8
_ 2u(2 sin 6 cos 6]
8
... 2sin @ cos B = sin 206
_ 2u sin 26
8
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Exercise 10D

Q. 1. (i) Speed at impact:

v2 = u? + 2as

=v2 = 0%+ 2gh
~v=y2gh

Speed after impact = -/ 2gh

~lw

New Height:
v2 = u? + 2as

9

2 _ 9 _

= (0~ = 16(2gh) + 2(—g)s
-9

:5—16/1

(ii) Each new height = %ths of the
previous height

.. Total distance = 2h + %(Zh)
9
16
= s, of a G.P. with
_ -9
a=2hr= 6

2h __32h
7

4 ( )2 Qh) + ..

9
1"16

Gravity  Resolved

G =usinA — ucosAj’
4y 3\ 2 H
= 20[2] - 20(2]j = 16/ - 17
Before (Mass) After

16 —12 M 16 + pj

NEW _
OLD

P _ -2

12773

=p=28
New initial speed = 161 + 8/?

Find length of hop means find s, when
s, =0
y

s, =0
_ U3 e o
= 8t 2(5g)t =0
—t=0 OR =9
38
_ 80
Att—3g,
_ AT
sx—16t+2(5gt
_ 1. (80] . 1/4)[6400
= 1535+ 3l [
6,40
= metres
98
_80
(i) Att 3¢’
v, =16 + 2gt
4 (80} _ 112
=16+ 585 =5
_ 80
A’[t—3g,
3
Vy=8—§gt
— g 3,80
5~ 58[3g)
= -8
~v,
If L is the landing angle, tan L = v
X
-8
12
3
=3
14

=tanL = 0.2143

= [ = 12°6" = 12° (to nearest degree)

11
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Before After
usinAl?—ucosAj' usinA7+pj
NEW _ _
OLD

P _ =1

—ucosA 4

=p= —u COs A

Initial Speed = usin Al + %u cos A;
s, =0

1 1
= 7 U Cos At —Egcos/\t2 =0

=t=0 OR d

t:2—g
Att—z—g

s, = usin At + %g sin At?

—usinAlY) £ Yoginalyt

=usinA (2g) +38 sin A 4g2)

_ 5u’sinA

8g
i =U
At the first hop (when t= 2g),
v, = usin A + gsin At
=usinA + gsin A(i)
28
= %u sin A
1
v, =gy cos A — g cos At
= %u cos A — g cos A (2ig)
= —lu cos A
4
After the first hop,
v, = %u sinAandv, = —% (—%u cos A)
=1
76V cos A
Second hop:

. _3 1 2
Initial speed = 5 usin Al + 16 U cos Aj
s, =0
=Ly cos At — gcosAt2 =0

16
=t=0 OR t=~
8g

Att = L

8g
s zéusinAtlegsinAtz
N 2
=3 usinalL +lgS|nA u*
2 8g 2 64g2
_ 25u’sin A
128g
12 0
v, = 13u (ﬁ)—gt sin 45
gt
=12u-—=
V2
v=13u(5) t cos 45°
y 1 &
gt
=5u—-—
V2
12) 1
s, = 13ut (1—) —zgt2 sin 45
g’
= 12ut - —=
2V2
s, = 13ut (i) gt? cos 45
y 13/ 2
g’
=5ut-——=
2V2

Need to find landing velocity, i.e. need to

find v and v, when 5, = 0

8
5ut — =0
2V2
= 10utV2 —gt> =0

= t(10uv2 -gt) = 0

=t=0 = M
Point of g
Projection S—_—
Time of Flight
_ 10uf
Vy = \/_
= 12u—-10u
= 2u
- 1OU\/_
==
= 5u—10u
==5U

= Velocity at landing = 2ui — 5uj'

j’-velocity after impact = —5(-e)

= be = 5(—

=2

2
5

)



FUNDAMENTAL APPLIED MATHEMATICS

= Velocity after impact = 2ui + 2uj’

= Particle rebounds at an angle of 45° to
the inclined plane. Given that the plane
is inclined at 45° to the horizontal,
the particle rises vertically (at 90° to
horizontal) from P.

Q.5. () v, =ucos60” + gtsin30°
gt
2
v, = usin 60° - gt cos 30°
_uw3 g3
2 2

=4
2

s, = ut cos 60° + %gﬂ sin 30°

ut_8"

~27 4

. o 1 o
s, = utsin 60° — Egt2 cos 30

_utV3 _z‘a’tz\/§
) 4

Range: s, whens =0

ut\/?_gtz\/g —0
2 4
=2ut-gt? =0

=tQu-gt) =0
2u
=t=0 t=—
Point of g
Projection —
Time of Flight
_ul2u] , 84u?
Range—2 g]+4 2
_ut ot 2u?
g8 8 8

(ii) Need to firstly find landing velocity, i.e.

v, and v, whent = 2

=

X

g
_u, 8f2uf _u,  _3u
_2+2[g}_2+ =7

w3 8320 w3
a2 b 2l E

Yy
_ w3
2
x—velocity is unchanged after impact
New y-velocity = #

= velocity at start of 2nd hop

_3uz  euv3>
—2' T

9u? | 3e?u?

Magnitude = 7T 7
= uv3 Ve? + 3
2

Let 6 be the angle at which the particle
leaves the slope

ang=CV3 2 _e3_ e
2 3u 3 V3
. e V3
=sin 0 = and cos 6 =
ve? +3 e?+3
Projectile equations are:
v o= |93 s 3l N E
§ 2 ve? + 3
+ gt sin 30°
_3u &
2 2
_ (w3 5= ] e
vy = | Ve +3 [m
— gt cos 30°
_ eux/g_gt\ﬁ3
2 2
Sx = ﬂy/eZ o 3][t] L]
2 ve? + 3
o %gt2 sin 30°
_3ut , 8
=2 T3
_[u3 = ] e
=i
- %gt2 cos 30°
_eutV3 _8t2‘/§
) 4
Range: s, whens =0
eut\@_gtzﬁ _0
2 4
= 2eut—gt>? =0
= t(2eu—-gt) =0
t=0 t = 2eu
Point of
Projection —
Time of Flight
_ 3u2eu] , 8 [4e2?
Range = > [ g }+4 2

_ 3eu? | e%u?

g g
=e?“2[3+e]

13
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FUNDAMENTAL APPLIED MATHEMATICS

Range for 2nd hop = 2[Range for
1st hop]

2_uz]
8

... multiply by %

2
=% 34+¢ =2

g

=e3 +e) =4
=3e+te’=4
—=e2+3e-4=0
=Ee+4e-1=0

=e=4_e=1 ..0

N
™
N

Fall from height h:

u=0, a=g s=h

v = V7 T 235 = y2gh

= Strikes the plane at a speed of \/2gh

x-component of velocity at impact

5
22
y-component of velocity at impact

. . V3 3gh
= —4/2gh sin 60° = —/2gh (7 = _VT

x-component is unchanged during impact

. 1 .,/3gh
y-component after impact = 5 | =~

Magnitude of velocity after impact

_\/gh 3gh _\/4gh + 3gh
o 2 T A

8
7gh
V 8

Let 6 be the angle at which the particle
leaves the plane

_1,/38h 2
tan9—§ TX\/g:h
V3

= y/2gh cos 60° =

2

:sinezﬁandcosez -

V7 V7

Projectile equations are:

7gh
V%‘ [%‘ + gt sin 30°
gh gt

VX:

2 2
78| 1v3 -
vy=[ THﬁ]—gtcos3O
. [3gh gtV3
Vs 2
7gh
= [
_ 480, 8t
_%lT
_‘/7gh‘ V3l 1, .
Sy—[ 7 [t] [ﬁ]—igt cos 30
_[3gh gtV3
L

Range: s, when s,=0

38h _8v3 . 4V8
N5 —"32 =0 ...multlplybyﬁ

= 4ty/gh —gt>V8 = 0
= 4ty/gh - 2gt2V2 = 0
= 2ty/gh —gtV2 =0
=t/2gh —gt* =0
ﬁt(\fgh—gt)=0

2], 1 aa a0
\/7] + 2gt sin 30

=t=0 t= Lgh = &
Pgintf;f g g
projecton Time of Flight
Rance — |120] /8" 4 8 [2h
ange = ? 7 aF Z ?
= Range = h + g
_3h
)



