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Chapter-14

14.1:
m=5kg
F,=10+ 5 cos 30° + 12 cos 45° — 20 cos 20° 15 kN
=4.02 kN
F, =5 sin 30° + 15 — 12 sin 45° — 20 sin 20° S kN
=2.17kN -

F F 10 kN
a, === =0.804 m/s® a, = —= =0.434 m/s’ 20 450
m m

2 2 2
= Jal + =091
a a, +a, 091 m/s 20 kN .

0= tanl[%} =28.4°
0.804

14.2:
N+50sin30°—-10xg=0

= N=73.1N |
50 cos 30° — uN = ma v
50 cos 30° — u(73.1) = 10 x a

= a=2.87 m/s’ P

v(5)=v,+a (5 N
=14.35 m/s

10xg 50N

30°

S5) = v, (5) + %a(S)z

=3588m
14.3:
N —-200 x g cos 25°=0

= N =17782 N o g
(i) When moving with constant velocity: 6 / HN
P—-200 % gsin25—-uN=0
= P =12737N P
(ii)) When moving with constant acceleration:
P —200 x gsin 25 — yN =ma
= P =200 x g sin 25 + (0.25) (1778.2) + (200 x 0.5)
=1373.7N

N

14.4:
F=5t1+2"]

3|

=25ti+7]

a
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U

V=125771+—]
3

2 4

F=12st i+ Lj

3 12

aQ)=5i+4j s ld|=64m/s%  6,=38.66°
V(2)=5i +267] o |V]|=567Tmls; 6,=28.1°
F(2)=3337+133) s |Fl=359m;  6,=21.77°
14.5:
m=10 kg
F=30N 10 x g
N=10xg=981N
30 =ma
= a=3m/s
v(3)=5+3(3)
=14 m/s

53) = 50) + 233
=285m
14.6: Sxg
F=20N i
m=5kg
F—f=ma T <«— N
F—uN =ma
20 — (0.25)(5 x 9.81)=5xa
= a=1.55 m/s?
(1) v=v,+at
v(5) =0+ (1.55) (3) = 4.65 m/s

—» 30N

Z—p <1

—» F

1
(i) s=vyt+ Eatz

s(5)=0+ %(1.55) (3 =6.98 m

— UN =ma
= a=—pg=—245m/s’
V= v(,2 + 2 as
0= (4.65)> + 2 (-2.45)s
= s=441m
v=vy,t+at
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14.7:

14.8:

14.9:

=

14.10:
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0=14.65+ (-2.45)¢t
= t=109s

m = 3 tons
v, = 60 kmph = 16.67 m/s
s=150m
V= v(,2 + 2 as
. 0-(16.67)*
2(150)
Braking force = ma
=2778 N=2.8 kN

=-0.926 m/s’

m = 10 tons
v =54 kmph = 15 m/s
t=10s
v=vy,t+at
a=5 15 mg
10
f=(1 kN/ton) (10 tons) = 10 kN
P—f=ma
P=f+ma
= (10 x 10*) + (10 x 10%) (1)
=20 x 10°
=20 kN

m =20 tons

v =200 kmph = 55.56 m/s

s =300 m

/= (1 kN/ton) (20) = 20 kN

V= v(,2 + 2 as

. (5556)*
2 (300)

P—f=ma
P =122.8 kN

=5.14 m/s’

m =2 tons
v, = 60 kmph = 16.67 m/s

v=vy,t+at

0-1667 _

—-0.926

18s
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t=35s
v=vy,t+at
0=16.67+a (5)
= a=-3334 m/s’
Braking force = ma = 6.67 kN.
4.11:
m =2 tons
v, =0
v, = 60 kmph = 16.67 m/s
t=15s
f=1(0.5 kN/ton) (2) =1 kN
v=vy,t+at
= a=+111ms
(i) P—f=ma
= P=(1x10%+ (2 x 10°) (1.11) = 3.22 kN
(i1) when switched off:
—f=ma’
= d=-0.5m/5s
- 0-v, 0-16.67 — 3334
a -05
V= v(,2 +2as
. 0-(16.67)*
2 (-0.5)

=2779 m

14.12:
m =500 kg
v, =45 kmph = 12.5 m/s
v=0
t=06s

— v_va

=-2.083 m/s’

—1mg =ma

_ —2.083 _ 0212 T
-9.81 A

f=pumg=1.04 kN

14.13:

m=5kg

Tiow = 60 N Al

Tallow —mg=ma

S.97
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= a= Tatow 9
m
=2.19 m/s?
14.14:
m =2 tons
(1) T—mg=ma i) T-mg=ma
(23 x10°) = (2 x 10*) (9.81) =2 x 10*) a = a=-081ms
= a=1.69 m/s®
(ii1) mg — T =ma (iv) mg-T=ma
= a=1.81 m/s? = a=-0.69 ms’
14.15:
M =600 kg
m=n %60
v=3m/s
t=2s
Toiow = 12 KN

V=YV

a= to =1.5m/s?

T-M+m)yg=M+m)a
T=(M+m)(g+a)
12 x 10° = (600 + 607) (9.81 + 1.5)

= n="17.68
No. of persons = 7

14.16:
m = 6 tons mg—T=—ma
v=4mls :»a=—[g—ﬂ=—1.48m2
T=50 kN Vi =y +2as

0=@4)>+2(-148)s
= s=541m

14.17:

m =60 kg

R —mg =ma
(i) 80xg—-60xg =60xa
= a =3.27 m/s* (accelerating upwards)
(il) 50xg—-60x%xg =60 xa

= a =-1.635 m/s* decelerating upwards or accelerating downwards.

~—1.64 m/s’

60 xg
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(iii) 0-60xg =60xa

= a =-—g accelerating downwards or freely falling

14.18:
T=50N
a=1m/s*
T—mg=ma

= m=

— 463k
g+a &

o W=mg=454 N
14.19:
N,=3xg
Fy=uN,=045xg
T-F,=ma
T=045xg+3a
N —-N,-5%xg=0
= N, =8g
Fi=unN, =12xg
-30-T-F,-F, =ma
T=30-12xg-045xg—5a
045 xg+3a=30-12xg—-0.45xg—5a
= a=118m/s’
T=795N
14.20:
Block m:
mxg—T,=ma
= Ty =m [g-d]
Block m;:
Ny=my x g
I, —uN, =my a
= Ty=pum xg+ma

Va

—¢ 2 =1369

53

mlg=al _ 569
my (g +al
5[9.81-a]
8[981% 02 +a]
= a=1.73 m/s?

= 1.369

..(1) N,

74—

. (2) N
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T,=5[9.81 - 1.73] = 40.4 N
T,=81[0.2 x 9.81 + 1.73]

=29.5N
14.21:
my = 8 kg
my =2 kg
ms =3 kg
m; g — Tl =mp ay (a)
T1—2T2:O (b)
Ty—myg=my [ay + a] ..(c)
my g —T,=mjy [a; — a] ..(d)
()+m = ﬁ—g:fh*al
my
L
(d)+m; = §——=a—aq
s
T2{mz+ms}—2g=2a1
m, my
T2{mz+ms}:2[g+al]
m,
From (a),
Ty =m [g—a]
From (b),
mlg—a]  =4[g+a]2
m, +m,
2x%x3

8 [g—a1]=4[g+al]T
8g —8a; =4.8g +4.8a
_32g g

= a=—===
128 4

Substituting this in eq. (a),

_ _ _8_
Ty=mlg-a]=38 [g Z}—Qg
T,=3g

Substituting this in eq. (c),
3g-2g=2ay +a]

= Accln. of 2 kg block = %

o |
|

mg

mg

myg
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Substituting in eq. (d),

3g—-3g=3[a; - a|]
= Accln. of 3 kg black = 0.

14.22
27, =T, m,Xg
_a, | T,
a = ? ¢ —>»T, <q
Ifa, =a,a,=2a TF“NZ \
Ny=my x g N, T, ’ T,
T — Ny =my ay
= Ty=umyxg+2ma
=m; [ug + 2a] Y
my xg—Ty =m a Tl
= Ty=m xg—mja IT
=m [g—ad]
since 27, =T, ‘
2m, [ug +2a] =m [g—a] v
= a=0.88 m/s’ mxg
: a, =088 m/s’> & a,=1.76 m/s’
. T,=44.65N & T, =2233 N myg cos 6 g sin 9T T
14.23: T
For impending motion of m, down the incline, / UN, |
T=m, gsin 86— yumg cos 6
=2565N L
ey . N, m Xg
For equilibrium of m;, T=m; x g =58.86 N.

Hence, we conclude that the block of mass m, moves up the plane.
m xg—T=ma

= T=m [g—al ...(a)
N, =m, g cos 6
T—my gsin — um, g cos @=m,a
= T =my [g (sin @+ ucos ) + a] ...(b)
From (a) & (b),
a=0.43 m/s>
T'=563N

14.24:
my =30 kg
my =25 kg
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Since m; g sin 8 > m, g sin 6,, block
m; moves down the incline.
my gsin60°—T =my a

= T =my [gsin 60° — a] ...(a)
T—mygsin30° =mya
= T =m; [gsin 30° + a ...(b)
o my [g sin 60° — a] =m, [g sin 30° + 4]
SN a =2.404 m/s®
T =182.7N
14.25: & mgsno_ g
Block-I: A |
$F,=0 ’ :
= N, =my gcos 6 N,
YF.=ma / T
= my gsin @— um; gcos 6—T=m; a 1N, N N,
Block-II:
XF,=0
= Ny=my g
YXF.=0
T—umy, g=mya
Adding the two equations,
my g sin @— um; g cos @— um, g=(my; +my) a
N _ mg (sin@—pcosb)— umg
my + my
=0.33 m/s’
T'=my[ug + d]
=11.5N
14.26: Mg
Since m, > m,, the block on the table move to the right.
my xg—T,=mya T, T, ¢— v —»T,
T, — uMg — T'= Ma <“«— N
Ty —my xg=ma v 7,
Adding up, T
my X g—my x g — UM g=[m + my+ Mla
. o I mm ) nie |
m +m, + M ¢

myXg
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= 1.25 m/s>
T,=my[g—a]l=42.8 N
Ti=m[g+ta]=332N
14.27:

Tl TZ
S5xg—T,=5a
= T,=5[g—al ...(a) . T
Ty -2 % g=2a
= T,=2[g * a] ...(b) \ \
T . 2kg ¢ »L
??=e”ﬁ=e””=l.874 - s SN
dle—al _y g9
2[g +a]
= a=1.4m/s*
T:=2242N and 7T,=42.05N
14.28:
2 Y 7 =\
—— T Humg ,
o
= V= ugr
14.29:
2
(T, - T) =¥ = T, =3mr o
m m
r 2r
o _ m(2rm)? r,<—7/ |
= mr = More)
2r
=2mr &
14.30:
Toax =2 X g=19.62 kN
T _ mvz
- 2 1o6axl
05
R v=6.26 m/s
14.31: sin 0
o = 60 rpm
=2m rad/s

1 kg
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Tcos 8=mg
T'sin 0= mr &
= ml sin 0 o
= T=ml &
=1x1xQn)
=395N

6= cos! [E}
T

= 75.6°
14.32:
Thax = 50 N
= 50 = ma?
: w="7.07 rad/s
=67.5 rpm

0= cosl[%}
T

= 78.7°
14.33:
m=1gm
r=1cm
o= 100 rpm = 10.47 rad/s
R cos 8=mg ...(a)
R sin 8= m[(R — r) sin 8] &
= R=mR-r) & ...(b)
_ &
(R- r)a)2
B 981
(0.14) (10.47)*
0= 50.3°

(@) +b= cos 0=




