Chapter 13
13.1:
y=x2+x—4
Vicom=2*+2-4=2m
Vie3m=3"+3-4=8m
Ax=3-2=1m
Ay=8-2=6m
r=yAx? + A% =37 =608 m
f=tan ' (QJ = 80.54° to the horizontal
Ax
13.2:
y=25-x/2
y/x:0m:25In
Vicam=25-222=23m
A,=2-0=2m
A, =23-25=-2m
r=A + A =(/2)2=283m
A
6=tan! (_y] =45°
Ax
13.3:
x=7 y=21t+3
& _n W
dt dt
2 2
Ix_, 4y
dt dt

X/i=2s=4m y="Tm
X=4m/s y =2
¥=2m/s> ¥ =0

() r=x2+)y’ =42 +7> =806 mat
6, =tan"' [Z} = 60.26°
4

(ii) v=a/42 +22 =447 m/s

6, =tan! [3} =26.57°
4

45°
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a=+2%+0 =2m/s’

6,=tan" [9} =0°
2

v, =4 +3t+2
3 t2
x=4—+3—+2t+x,
3 2

(iii)

13.4:

x()’ y() = 0
4¢3
=

+§ﬂ+%
2

X, -3s=555m
r=56.2m
6,=9.2°
V=3, =47 m

v = ,lvf + v; =493 m/s
1

6, =tan ' Y770
47

a,=8t+3
ad;=3s =217 m/s’

a= 1[{1)% + a; =29.5 m/s’

6, =tan"' 21 24°
27

13.5:
v, =60 m/s
R=300m

_ Vg sin 2¢
g

(60)* sin 2¢x
981

R

300 =

13.6:
R=60m
T=3s

vy sin2a

R 2
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27 -3

24
=—-3tty,

y== Y

Vy:

2
=274 -3¢
773
y/t:3s =9m
W3 =15m

a, =4t
ayli=35 =12 m/s’

= 20=54.83° (or) 125.17°

o=27.42° (or) 62.58°

vy sin & cos

g

g
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Vv, Sin o
g

T=2

R
— =V,C08
T

T :2tana

RT g
T? _2tana

R g
= a=363°
v, =24.8 m/s

13.7:
h=2m
v(,=54kmph=54X%=15m/s

2
X

1
y=xtano——-g

2
—2=xtan0—l X &
2 (15)?

= x =9.58m
=9.6 m
x=(v,cos o)t
= t= 26 _ 0.64 s
15
13.8:
v,)y =V, cos 30° =30 cos 30° =25.98 m/s
(Vo)) ==V, sin 30° = —30 sin 30° = —15 m/s
1
-30= _(vo)y - ngz

—30=-157—4.9057
49057 +15¢t-30=0

. —15£2852 1385
981
x=(v,), t=1(25.98)(1.38) =359 m
13.9:
(vy)y =30m/s
(o) =0

1
-30=0- —gf
58

27 (vycos @)?

30 m

S

30 m/s

S.81
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t=247s
x=30)t=74.1m
13.10:
(vy)x =30 cos 30°=25.98 m/s
(v,), =30sin 30° =15 m/s

1
—30=157——g?*
2g
49057 -15t-30=0
15+ 28.
_ 522852 a4
981
x = (25.98) (4.44)
=11535m
13.11:
v,), =10m/s=v,cos &
f=35= 2v,sino
g
ng =19.9 m/s
€08 59.78°
2tana 35
= =
g 10
2+ 2
Max. ht =223 % 451 m
2g
o =59.8°
13.12:
Max. ht =15 m
o= 60°
V2
20 =15 = y,=17.16 m/s
2g
2+ 2 : o0\2
Max. At = Yo sin~ ¢ _ (17.16xsin60°)" _ 11.26 m
2g 2x981
2
Yo —1126 = v,=14.86m/s
2g
13.13:
@ v,=20m/s

oa=30°
h=25m
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1 2
— 8X
y=xtano— - —°=>——
2y} cos’a
1 x?
-25=xtan 30°— - x98l— ———
2 (20 x cos 30°)

~-25=0.577 x—0.01635 x*
0.01635x> - 0.577 x—25=0

= x=60.55m
=~ 60.6 m
=X _ 60.6 ~135g
v,cosa  20xcos30°
(11) vy = (vo)yfgt
=20 sin 30° —9.81 (3.5)
=-24.34 m/s
v, =20 cos 30°=17.32 m/s
v=29.9 m/s
1
O=tan"' 2 =54.6°
vX
2 1.2
Max. hi =20 &~ 51 m
2g
from gr. level =25+ 5.1 =30.1 m
13.14:
(v,), =20 cos 20° = 18.8 m/s 5
(vo)y =20 sin 20° =— 6.84 m/s T
: 20 m/s
=30 =—(v(,)yt——gt2 30m
2 |
1
=_6.84 (1) — E9.81 #
4.905¢ +6.841-30=0
t=1.87s
X = (v())x t
=35.16m
vy = (vo)y - gt
=—6.84-9.81(1.87)
=-25.18 m/s

v = wlvi +v; =31.4m/s

A%
6= tan"! { y} =53.3°

Vx
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13.15: 60 m/s
v, =60 m/s (v,), =60 cos 40° =45.96 m/s
a=40° (v5), = 60 sin 40° = 38.57 m/s
V= ,lvf + vi
40°
50 = |/ (45.96)% + Vi
= v =197m/s
Yy = (vo)y — gt
= t=192s
x=(v,),- t=882m
1
Y= (vo)y' r— ngz
=56m
13.16:
1 gx2
=xtan ¢g— — —=>——
’ 2 v2cosa Vo
2
a=xtan ox— —%
2 v, cos” a a
2 a2 ) o
v, sin® o 1 g(a+x) ‘
T—(a-i-x)tana—Em F—x —F 2a F—x —F
2 .
2
Range = Yo SN =2 (a+x)
g
7 sin*a V7 sin 2« 1 v) sin’2a
= tanoy——g 5
2g 2g 4;;/Z Y, cos” o
L2 4 sin” o cos®
sin” ¢ =2sin ¢rcos atan ¢ — ————
4 cos” &
=2sin® a—sin® &
-1 x?
a=xtan o0 — g -
X, cos” 30 m/s
-1 (2 :
a=Qa+x)tan @ —g%
2 " x,cos"
13.17: 45°
v, =30m/s
o =45° 16 m
Yy =— 0.6 m Im




2
0.6=xtandse— L O
2 (30 cos 45)

0.0109 x>~ x—0.6=0
x=92.34 m

X

t= =435s

Vv, COS &
v, = (v,), — gt =—21.46 m/s

v= v +v? =302 ms

6= tan" {v—y} = 45.3°
VX
13.18:
v, =20 m/s
a= 60° v, =20 m/s at 60°
v2 sin2¢
g

Range = =353 m

13.19:
vy), =20 cos 60°+5 =15m/s
(vo)y = 20 sin 60° =17.32 m/s
_2y,sina
g
Horizontal distance = 52.95 m
Distance between = (52.95 — 5 x 3.53) =353 m
v, = (v,), = 17.32 m/s
v, =15m/s

V= wlvi +v; =229 m/s

v
o=tan ' |2
VX

=49.1°
52.95-353=17.65m

T =3.53s

13.20:
v, =60 m/s
a=50°

V2 sin 2

Range = =361.4 m

— Range =361.4-50 =3114m
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_ v, sin2a
g
= 20= 58.06° (or) 121.94°
o= 29.03° (or) 60.97° .
13.21: ®©F
5 100 m
100 = x tan 500 - L _O8D X
2 (60 cos50°) 500
3.298 x 103.x* ~1.192 x + 100= 0
+
o MO2EO3I0
2x3298x10
13.22:
2
—800 = x-tan (())_l&x2 1111 m/s
2 (11111cos0)
x=1.42 km 200 m
13.23:
2 -2 2 .2 ()
R, = v, Sin“ o _ 60° sin” 45 — 9174 m i
2g 2%x981
2 2 o
_V,sin2a _ 607sin90° 1835 m
2g 2x981
2 60 m/s
gx
=xtamo— ——=2"——
’ 2 va2 cos” &
2
91.74 = x tan 60° — - — S XX
2 (60 % cos 60) 45° 60°
545 x 102 x> — 1.732 x +91.74 =0

1732 +1
==
2x545%107°
Distance to be moved = 183.5 - 67.16 =116.3 m
13.24:

=67.16 m

B=30°
v, =15m/s
a=50°
t= 2V, [sin (- P)]
gcosfB
=1.21s




2
V, . .
R:gTszﬂ[Sln (20{—ﬂ)—smm

1345 m

2
v

Ry =——2——=1529m
g (1+5sin f)

0{=45°+§ = 60°

13.25:
v, =15m/s
o=20°
B =30°
2v .
o [sin (o + f)]
gcosfB
=2.71s
2

R= ﬁ [sin Qe+ B) + sin f]

=44.03 m

2
1%

Rpgx=——"2——=459m
g(1—sin )

13.26:

[+ (6x)°T"?
6

243/2
p/x:f% —291m

a,=0
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2 2
= U 6973 e
p 291
- a=+la>+a’ =0.733 m/s®
13.27:
x=2t+1
y="r
¥=2 y =2t
=0 y=2
_ [562+J'/2]3/2 _ [(2)2+(2t)2]3/2
Xy—Xy (2)(2)-(0) (20)
_[4+477"
4
2132
p(2) = % =2236m
13.28:
— 1 xz
y=x tan o — —gﬁ
Vv, cos” o
1
Y o) 22—xz
dx 27 vicos”
ax
=tan o —
V2 cos’ a
d’y _  -g
dx*  Vicosa
At the highest point, we know Z—y =0
X
2
2 2 2 2
o= d; _ vy 08" _ (20)" (cos30)" _ 30.6 m
d’y g 981
dx*
13.29:
when x =10 m, when x=30m
Y _ s Y _ 404
dx x
1 ¥) 213/2
OO g5 - p=384m

1/30.6
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13.30:

(or)

13.31:

13.32:

(1)

y2=4a.x (i) Atx=a
2
y=2\/2x1/2 d_y:1 & d—{=—1
dx dx a
dy _ Jax 2 _ [1+ 17 — 5664
dx —1/2a '
2
7y _ %\/Zx*” (i) At x = 2a
@ _ 1 & &: 1
d 2 dx> 424
, P2
1+ =
J2
p=t——— =-104a
Vi
y=e'
d—y=ex = & =¢
dx dx |,_,
dzy _ X dzy _ 2
a0 T oar| ¢
x=2
21232
U+@T _s61m
e
y=x
Z—y—3x2
X
d’y
PR
Atx=1m,
2
Y3 & d—f=6
dx dx
2932
p=UFOT" 507

6
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(i) Atx=2m,
2
Yo os Von
dx dx
243/2
p=WHADTT s 5y
12
13.33:

v, =90 kmph = 25 m/s
v =60 kmph = 16.67 m/s
4= v-v, _1667-25 0833 ms?
t 10
v(5) =v, + a, (1)
=25+ (- 0.833) (5) = 20.835 m/s

2
a, =~ = 4.823 m/s>
P
a =+a’+a> =489 m/s’ ~ 4.9 m/s>
6= tan"' o = g0.2°
a;
13.34:
a; =1 m/s?
s=2C — Z(25)=125 mm.
2 2
vi=vi+2as
=0+2(1)(12.5n)
= vg = 8.86 m/s
2 2
L=V B 5y
o) 25
a = a’+a’ =33 m/s
13.35:
v =30 kmph = 8.33 m/s
a; =
2 2
L= B3 63 e
15
13.36:
v=10m/s

90 kmph

15m

90 m
60 kmph




d 2 3/2
1+(yJ
d*yldx* 2 2

[1+ (4/9)]?
2

o(1/3) =

Slope of curve at x = 1/3 m is:

d—y=g=tan0
dc 3

= 0= 33.69°

v, =vcos @ & v,=vsin b

=832 m/s =5.55m/s

=0.868 m

13.37:
o =200 rpm

2
=200 x =X = 20.94 rad/s
60

Vy=TFpyq W= 83.76 cm/s
ay=rp, @ =1753.93 cm/s’
Components of velocity along radial & transverse directions:

v, = v, cos 60° & vg=v,sin 60°
=41.88 cm/s =72.54 c/s

vg=r6 v.=r =41.88 cm/s

72.54 = (12.49)6
= 6 =5.81 rad/s
Components of acceleration along radial & transverse directions:

a, =—ay, sin 60° & ag=ay cos 60°

= 1518.95 cm/s’ =876.97 cm/s”

ag = I"é + 21”0
876.97 = (6.93) (§) + 2 (41.88) (10.47)
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13.38:
vg=3m/s 4
=30 rpm =30 x 2% = 3.14 rad/s
60 Vg
rp=15m
v, =3 m/s %
vg=rpw=4.71 m/s
v=3e.+4.71¢,
v=15.58 m/s & 57.5° to the crank o °
a=[r—r)?eé +[ro+2i0]é,
—[0 - 1.5 (3.14)4] &, + [ (1.5) (0) + 2(3) (3.14)]¢,
=-1479 ¢, + 1884 ¢4
a=23.95 m/s” at 51.9°
13.39:
v =2m/s 6 =2 rad/s
ag =1 m/s? & = 1.5 rad/s®
V=v.e +vgey
=ié.+rhé,
=2e.+(1.5)(2) ég
v =3.61 m/s at 56.3° to the crank
a=[r—-ré*é +[rd+2r0]e,
=[1-(1.5) (2)2] e, +[(1.5) (1.5 +2(2) (2)] ég
= 56,+1025 &,
a=11.4 m/s* at 64° to the crank
13.40:
=10 rad/s
Voyd = Vgt @
=(5) (10)
=50 cm/s

6= tan”! [i} — 18.43°
15

15cm

Components of velocity of A along radial & transverse directions
V= Vo,y €08 6 = 47.44 cm/s
V= Vo, SIN 6= 15.81 cm/s

We know v,.=r & vo=r6
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and 7 =47.44 cm/s
Aoyt = Topd @ = 500 cm/s’
Components of acceleration of A along radial & transverse directions,
a,=— gy sin 0=—158.1 cm/s?
ap= d,, cos 6=474.36 cm/s’
We know a,= i — 1()? & ag=rd+2r0

474,36 = (,/152 +52) b+ 2(47.44)(1)

6 =24 rad/s’



