PHYSICS SOLUTIONS

DPP (01)

Component of vector (force)

<
e

along vertical axis

F cos 60°
!
Il
o
4

=5cos60° :SX%: 2.5N.

(o))
o
&)

F sin 60°
Rotation of axis do not change vector

magnitude.
F=Fi+F,j

=(Fcos 6’)1f +(F sin 6’)}'
0 =30°

Fo[3E +(3F)

2 2
0.4i +0.8] +ck = (0.4) + (0.8 +c? =1
= c2=1-(0.16+0.64)

Vector C :éx|}§|
A

(i +2j +2Kk)

_ 2 2 2
0 @7 (22 e

T aA A A
=—(i +2j+2k).
3(1 j )

(@) A=(Acosai +(Acos B)j +(Acosphk = Ad +A,j + Ak

cosa—ﬁ'cosﬁ——y'cos _A
AR T AT

Since,
A=2i+4j-5k;|Al=A=42% +42 + (-5)2 = /45
cosa = 2. 4
Jas
Position after time ‘t’
Position of A is (0,v, t)

Position of B is (vgt,10) (0, 10)

distance between them - A x
12 = (0-vgt)? + (ot —107 00

= 12 =4t +4+% +100-40t = 8t2 —40t + 100
For maxima and minima

ﬂ:0:>16t—40:03t:4—o:2.53
dt 16

Now,

2
dal =16(+ve) > 0; t value gives minima.

dt?

10.

11.

12.

13.

14.

(b)

(b)

(a)

F,

net:ﬁl+ﬁ2+ﬁ3+ﬁ4
= (~4i —5j + 5k) + (5 + 8] + 6k) + (~3i + 4] — 7k)
+(21 —3j - 2k)

=4j+2k Movein yz plane.
~ ~12 ~12

-5 -}

= A%+ A% -2A%cosf = A®

2 2

= cosé’:ﬂ:l = 6=60°.
-2A% 2

A =12m; A, =8m  [A=Ai+A)j]

Magnitude of vector

A= A%+ A2 =\12% 187 = J208 m

After rotation

2
A= JA%1A? = 208 = J(%} +A?

= 208 = [(6)% + A?

= A?-208-36=172

= A,=v172=1311m

If N forces or vector of equal magnitude, act on a
point and resultant is zero.

Fs

120°
120° F
120°

F3

Then angle between any two forces or vector
360 _ 360
N 3

R=+vA? + B? + 2ABcos6 ; givenA=2B,R=A

=120°.

2
= A?=A2 +[§] +2A§cos€

2
= —AT:AZCOSH = Hzcos’l[—%}

R* = A* + B® + 2ABcos @

A=(x+y); B=(x-y); R=yx"+y”

x? + 9% = (x + )2 +(x —v)? + 2(x + y)(x — y)cos §
= x? +y? =2x2 + 202 + 2(x% - y?)cos O

—(x* +v?)
2(x? -y?) |

- (x* +y%)

cosd =
2(x* - v?)

= 0= cos‘l{
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DPP (01)

15.

16.

17.

18.

19.

20.

(c)

|A+B’=n?’|A-B|?> = |A+B|=n|A-B|
= A? + B® + 2ABcos 0 = n* A% + n’B? — 2n’ ABcos 0
= A%+ A%+ 2A%cosO = nA? + n® A% —2n°A® cos 0
= A?[2+2cos 0] = A%[2n% — 2n?® cos G]

= 2-2n% =(-2-2n%)cos 6

1-n? n® -1
= cosl = = =

n®+1

Net force F :4f+f—312+3f+}—12
= (71 + 2j —4k)N
Displacement S = final position — initial position
= (51 +4j—k)—( +2j —3k)
—4i +2j+ 2k
Work done W = F.S
=28+4-8=24J.

AB (20 +3j).(i+]))

Component of A along B="— =

| B V1% +12

2+3 5

R

N

Unit vector perpendicular to A&B
AxB=ABsin6n
AxB
ABsin6
A=2i+2j-k : B=6i-3j+2k

n

A

ik
C=AxB=|2 2 -1=i-10j-18k
6 -3 2

Unit vector perpendicular to both A and B

.~ C i-10j - 18k
C:T:
ICl 12 +(-10) + (-18)
_1-10j-18k
517
Vector A:21?+]‘—I€ and vector é:f+]'+l€
Area of the triangle = %‘(A X é)‘
Pk
1 J
—Zil2 1 -1
11 1
_ Ly @i o3 4h)]
2 J
:% 4+9+1:‘/;_43q.unit

21.

22.

23.

24.

25.

26.

27.

28.

A~

i j ok
(d C=AxB=|2 3 -1/=15{-7j+9%k
-1 3 4

Unit vector perpendicular to both A and B
ézgz 151 -7j+9% 1
ICl 152 +(=7)? +(9)* /355
(d) AB=|AxB]|
= ABcosf =ABsin0 = tanf =1= 0 =45°

(151 — 7] + 9k).

|é|=\/A2+BZ+2ABcos45°:\/A2+32+2ABXL
J2
|C|=yA? +B? +4/2 AB.

(c) Minimum four non-zero, non-coplanar vector
required to make resultant zero.

P _Q R
sinf, sin@, sinl50° p Q
R_ 1.9318 x sin150 150°

~ 0.9659

(c)

1.9318x
-— 2.1
0.9659 R
(d) Since, metal sphere is in equilibrium
T+P+W=0
Now, W =Tcosé ..L(i)
P=Tsin0=Wtand  ...(ii) o] Teos?
by (i)% + (ii)?

Tsind P
W2 +P? =T%

W
(2) If P make angle a, B3,y respectively with x, v, z-axis.
cos? a +cos? f+cos? y =1
= 1-sinfa+1-sin?f+1-sin?y=1
= sin?a+sin® f+sin®y=2.
(13) R, =A+B=17;6=0

R, =A-B=7;0=180°

A=12 B=5
if 9=90° ; R=vAZ4+B? =122 452 =13
3) C=A+B
Since, C L Aand|C|=| A|
tanoc:m:>tar190°:M
A+ Bcos@ A+ Bcos8

= A+Bcos9:03coso9:—g

C? = A®? + B% + 2ABcos @
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DPP (01)

29.

= AZ=-A%2.B? +2AB(%) — _B% =_24A2
1 A 1
= A=+—B =>—=—/—
J2 B 2
cos@:—i:135°:ﬁradian
J2 4

Aliter: Since, CLA [Right angle triangle]

BZ=A2+C2=>B%2=2A2 = B=+2A
Now, A% + B2 +2ABcosd = C? = A?

2AV2A cos6 = —A2 :cos@z—iz

V2

(45) A =(5c0s120)i +(5sin120)]

3z

0=""rad.

4

30.

Pk
AxBo22 B3 (l_ (=45): (4548 )
2 2 2 2
0 0 9
_45\/_; 45 -
2 2
2 2
|Axé|=‘/[%J +[4—25j -Di-as

We know that the volume (V) of the parallelepiped is
the scalar triple product of three given vectors,

A=(2i+3j+4k);B=4j
and C=(5j+mk).
Here, B=0i+4j+0k;C=0i+5] +mk;
Volume V = 24.
Volume of parallelepiped is given by
A, A Al 2 3 4
V=B, B, B,|=[0 4 0
C, C, C, 0 5 m
=2[4m —-0]1+3[0-0]+4[0-0]

= 8m
24 =8morm=3
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PHYSICS SOLUTIONS

DPP (02)

10.

11.

12.

13.

14.

15.

16.

(b)

Av B kgms ™2 xm _

F=nA— =kgm's!
7 Ar=”7 m? xms™* s
EMFe) =L 3 ¢
dt di/dt
:L:M:ohmsec.
Ampere
E

Energy (E) = FXd:>F:E
So, Erg/metre can be the unit of force.
[x] = 662 | = [b] = % | = k2

L _[uoltxsecj A

— .—— =sec
R A volt
It is also called time constant in L-R circuit.
F--L_ q1§2 and 1 farad = 2.coulomd
A, r 1volt
192 Coulomb lcoulomb
= & = - = = .
4rFr ~ Nm lvolt. Imeter
Coulomb

or C:‘eogésO:Fm’l.

N, F N
B=po 1= ="

F
1—2.
1 1

= Mo =

(d) Thermal Conductance = ==

Thermal resistance R

L metre

_ kelvin

KA (watt metre ' kel 1)(metre)®  watt

K — coefficient of thermal conductivity

Angular momentumof e =n Zi’ n — integer.
7

ct® = x = [[T3] =[L] = [c]=[LT].

L R
= =i tant | F =—.
R ime constant , Frequency T
F
Volume Elasticity = A AP IMLIT2).
AV av
v v
Prossure — Force _ Energy .
Area  Volume
AQ _[MIPT?] o5
Specific Heat (s) = —— = ————=[LT 07 "].
pecific Heat (s) mAT -~ [MI[6] [ ]

[Planck constant] = [ML2T ],
[Energy] = [ML2T2].
Aliter : Energy = hf, f — frequency.

. F
Surfacetension = —

[ =[MT?]

17.

18.

19.

20.

21.

22.

23.

24.

(a)

(d

(a)

(b)

Spring constant = 5 =[MT2].
X

U2

Angle of banking = tanf = —.
rg

L, ! T, z 10 ™ I
"M NT, | 10°m ] | 3600
2 2 m sec

2
Aliter : 10ms™2 = 10(L km)[ 1 hr}

1000 3600
=129600km/ hr2.
1
R3 3 2
T=2n— =>|—— | =T
"\Gm {M1L3T2M}
e? _ [AT)?
dmgohe ML ST*AZ|MLAT LT
=[M°L°T].

moc Cathc —mu Cl/ZG—1/2h1/2
[M] =[LT M LT 2P MLAT )

_ [M7b+CLa+3b+2(:T7a72bfc]

-b+c=1 ... (i)
a+3b+2c=0 (i)
-a-2b-c=0 ... (iii)
By equation (ii) and (iii)
b+c=0 ... (iv)
By equation (iv) and (i)

c= l ;b= —l

2 2

From equation (iii) —a+1—%:0:>a:%,

vocn*rl?pY
Poiseuille’s formula
Volume of liquid coming out of the tube per second

7zpr4
V= .
8nl
In a correct equation, both sides should have same

dimensions. Kinetic energy which has the SI unit
kg-m?sZ should have the dimensions,

Right hand side of the option has the dimensions,
2
Em\/Z}[M][LT'l} :[MLZT'Z]

These dimensions match with the dimensions of
kinetic energy.

2
go OM .y 1,2 17

RZ 2 21
Further, L will remain constant.

5 ! 5 orKocR'ZandgocR'2
MR

.'.KOC%or Koc
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DPP (02)

25. (c) mis mass per unit length.
26. (50) 1 C.G.S unit of density = 1g/cm®
1 1

= ki
1000°°7 1 V
—m
[100™)
=1000kg /m® in S.I or MK.S. system
0.5g/cc=0.5x1000kg/ m®

= 0.5 g/cm® =500kg/m?>.
27. (50) M, =6.64x10* kg
nu; =nNyly
= nx40amu = 6.64 x10%*kg
= nx40x1.6x10%"kg =6.64 x10%°kg

29
n= Llom ~10%.
40x1.6x10

28. (2) Dimension of B =[M°L°T?)
Dimensions e = [AT]
Dimensions &, =[A2M'L>T*]
Dimensions h = [ML*T]
Dimension ¢ = [LT™!]

(ATT"

[M°LOTO] =

or [MOLOTO] — [An—ZLOTn—Z]
n-2=0
= n=2

272
29. (3) [K]= O] _MLT ]:[ML‘?‘”T‘Z]
(X1 [L"]

T o (mass)® (amp)¥ (K)?

[M°LT] = [MP¥[L)Y [ML*"T %

[AM 3T MLPT Y[LT -1]

30.

_ (MFILY Rz 22y
So, —2z=1or Z:—%

and X+Z=0o0orX=-Z= %
and Y+ 2Z-Nz=0

or Y=1- %[from (i) and (ii) ]

So, T o (mass)Y?(amp)t ™2 (K) /2

Given T o (amp)~?

So 1—2:—l:>n:3
2 2

E =KT® pb p°

LHS = [ML?T-?]

RHS = [T°][ML3PP[ML T2
— [Mb+cL—3b—cTa—ZC]

[ML2T 2] = [MP*e[3b-cTa-2¢]

According to homogeneity principle
LHS = RHS

b+c=1 ...(i)
-3b-c=2 ... (i)
and a—-2c=2 ... (iii)
Adding Egs. (i) & (ii)
-2b=3
-

2

5

c=1—b=1+3/2=2

From Eq. (iii), a - 2c = -2

or

a=-2+4+2c=-2+2 x5/2=3
a’c _
5b?
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1
(b) KE =—=mv? 10. () p=Bss A0 q00_(Am AV 100
2 Volume Yol m V
(AKEJW (Am g_j% 005 005) 100
KE m v 5 1 0
N (AKEJ%=2+2><3:8%. =(0.01+0.05)x100 = 6%.
KE 11. (b) Distance(d)=(13.8+0.2m
1
(d) T=25%QAT:§wc:05wc Time (t) = (4.0 £ 0.3) sec
The permissible error Velocity(v) = d 1;5 08 —3.45m/s
—xlOO:EXIOO 20%.
T 2.5 Av_Ad At
(¢) % error = Ax x100% [unit less]. v d t
x
N :Av—[oz 03}345 0.27~03
(a) (]]xmo 2% 138 4.0
~v=(345+0.3)m/s.
2
area (A)=1 AMgl
AA Al 12. (¢ =—
= (Aj x100 = Z[Txloo] 4%. D’
() r=(53+0.1)cm (ij %100 = [Am Ag AL 2AD A’jxwo
m g L I
_4 s
Volume (V) = = 001 001 0001 , 0001 0001
= + + +2x + x100
AV _3A 3.00 9.81 2.820 0.041 0.087
v =0.065 %100 = 6.5%.
0.1
—x100=3 100.
v ( jx 13. (o R=_Tafe _10x6 60y 5510
(R, +R,) 10+6 16
@ p-L-F
AP _ AR _AR, AR, AR +R)
Al R Rz R2 (Rl + RQ)
[ jX1OO [———+2 IjxlOO
203,02, 0302 _ 440195
=4+2x2 =8%. 6 1 10+6
b) T, = 2.63+2.56+242+2.71+2.80 §=10.125%
5 R
=2.62sec 14. (d) The number of significant figures in given numbers is
AT = | AT, [+ | AT, | +|ATs [+ AT, [+ AT; | 4.
° 15. (b) Volume (V)=Ixbxt
:001+OD6+O§O+009+018 e 12%6x2.45 - 176.4 em3
_054 e =1.764x10%em® ~ 2x10%cm®
When two number multiplied or divided. Then result
(b) H=I%Rt is in least significant figure.
16. (d) Given,A=10m+ 02m,=20m+02m
AH 2A1 AR At
= ?XIOO ( i +— R ; J x100 Let, Y =+AB=,(1.0)(2.0)=1414m
—9%34+4+6=16% Rounding off to two significant digits Y = 1.4m
. . AY 1{AA+AA} {%Jr%}: 0.6
Hence the error in the measured of H is 16%. v A B 10 20 2%20
arbC
(a) X=M°IPT AV - 0.6Y _ 0.6x1.4 — 0212
- (7] * (a m i L i CT) ) Rounding off to one significant digit, AY = 0.2m
=(aa+bf+cy)% Thus, correct value for VAB =Y + AYr =1.4 + 0.2M
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DPP (03)

17.

18.

19.

20.

(a)

All given measurements are correct up to two decimal
places. As here 5.00 mm has the smallest unit and
the error in 5.00 mm is least (commonly taken as
0.01 mm if not specified), hence 5.00 mm is most
precise.

Note : In solving these types of questions, we should
be careful about units although their magnitude is
same.

Given length, | = 5 cm

Now, checking the errors with each option one by
one, we get

A11 =5-49=0.1cm, A12 =5-4.805 = 0.195cm
AI3 =525-5=0.25cm, AI4 =54-5=04cm

Error AI1 is least.

Hence, 4.9 cm is most precise.
By question, it is given that 50 VSD - 49 MSD

49
1VSD = —— MSD
'S) =0 S

Minimum inaccuracy = 1 MSD - 1 VSD

49 1

= 1MSD —%MSD —%MSD
Given, 1 MSD = 0.5 mm
Hence, minimum inaccuracy = 5—10 x 0.5mm
1
= m = 001mm

Given, t1 = 39.6s,t2 =399 and t3 = 39.5 s

Least count of measuring instrument = 0.1 s

(As measurements have only one decimal place)
precision in the measurement = Least count of the
measuring instrument = 0.1 s

Mean value of time for 20 oscillations is given by

f1 +1t2 +t
p o 1 32 3:39.64—32;.9+39.5:39.7S

Absolute errors in the measurements

Aty =t—t) = 39.7-39.6 = 0.1s

Aty =t—ty = 39.7-399=-02s

Atg =t—tg = 39.7-395=02s

‘Atl‘ +|At2‘ + |At3‘

Mean absolute error =

3
_ 01+02+0.2
3
0.5
=—=017=02
3

(rounding off up to one decimal place)

.". Accuracy of measurement =+0.2s

21.

24.

25.

26.

(c)

(d)

(8)

A3BY2
P=—Z 37> Because C has maximum power

C D/Z

uw A Au Au  Alu+v)
f= —=—+—+

u+v f u v u+v
Au Av  Au Av
=—+—+ +

u v u+v u+v
p_m_m

v 3

Given: %’":ﬂ%:izme

A%:il%:nm‘z
m
Ap  Am Al
/2 132
P m (

2 2 ¢
=2x10° +3x 10
—5x10% = 5%

2 L
g=4r" —&

T2
AL _ 409 -1 21072
L
AT _ 4 39— 431072
T
=>§=&+E:2x3x10_2

g L T

-2
=8x10“ =+8%
Ax N
X 1% -1072
X
A _
Y 3% -3x1072
v
A2 _ oo = 241072
4

2
i

4
At _Ax 28y, 3z
t X v z

=10_2+2><3><10_2+3><2><10_2
=13x10% =13%
2z = ax2yl/?
2 V4
= X'=—7

ay1/2
= 2&:&4_1&

X z 2y
= M _Lhoslig

x 2 2
=8%.
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DPP (03)

GM
R2
Ag _AM | 2AR
g M R
Percentage error in g is

A9.100=M 100+ 228 100
g M R

=1+4=5%
2
. sz_orA_T: Ap  Am
2m T p m
Percentage error in kinetic energy is
AT 100-22P 100+ 2™ <100
T P m
= 2x2+3=7%
n=7
v=221x03=0.663=0.7

The number of significant digit is 1.
x=0.72+0.8 +3.87-1.089

= 0.7+0.8+39-11=43
Thus, the number of significant digit is 2.

Page | 20



PHYSICS SOLUTIONS

DPP (04)

10.

11.

(d)

Velocity = slope of displacement — time graph

=tan@
vy _tand, _1/\/5_1
vg tandg J3 3

averagespeed > average velocity

Because distance> displacement.

Here velocity is decreasing, so acceleration will be

opposite to the direction of motion and hence, it will

be negative w.r.t the direction of velocity till it comes

to rest

Uniform velocity means no acceleration

_ Totaldistance b _ buyu,

~ Total time ~ 2x + 3x 20, +3v;
S5v; by

avg

200

(@ vag =155 100
+7

60 v
_ 200x60xv
" 100v + 6000
= 4000 + 24000 = 1200v

U:M:SOkm/hr.
800
Total distance = x
Time taken by the particle to travel first half of the
= x/2 =X sec

3 6
Let t, be the time taken by the particle to travel other

half of the distances

X _apxtz 75402
2 2 2

distance. i.e., t;

x
=t :ESQC

x _6x12 72
X 6+12 18

x
6 12

Vavg =

=4m/s.
Speed of the body at the mid-point

. \/u%+v§ _ \/(20)2+(30)2
V2 2

v=+650=255m/s.
Since, with respect of time, position does not change

2 2 2
v2=u?+2s=>a=" 2_su =(263?)2
voutat =>t=2= 64(;22><1.2:3.75><10"3sec
a
=4ms.
u=0, v=180x -2 = 50m/s
18
zviu:M:Sm/sz
t 10

Distance (S) = ut + % at?

:0+%x5><(10)2 =250m.

12.

13.

14.

15.

16.

17.

18.

19.

(b)

(a)

(b)

(c)

(c)

(a)

(b)

u=10m/s, v=-2m/s : t =4sec
-u_-2-10

1 =-3m/s’.

. v
Acceleration =

u=0, a=5m/s?

v=u+at =>v=0+5x(10)=50m/s.
Distance travelled by car A=40¢t

distancetravelled by carB = % x 4 x t2

40t =2t> = t(2t-40)=0=1t=0andt = 20sec.
S:ut+%at2

First 5sec:t=5sec

40:5u+%a(5)2 =16=2u+5a i)
t=10sec, S=40+65=105m

....(ii)

Multiply eq.(i) by 2 then subtract it from eq. (2)
21-32=2u-4u+10a-10a
-11=-2u=u=55m/s.

v-u _275-0

t 10
distance travelled in next 10 sec

105 = 10u +%a(10)2 —21=2u+10a

=2.75m/s?

S=(275x10)+ % % 2.75 % (10)2
—275+137.5 - 412.5.

Distance covered in n" second
S, :u+%(2n—1) = S =7+%(10—1)= 25m.

wuv=0+na=a=v/n
Now, distance travelled in nsec.

=S, = %an2 and, distance travelled in (n—2)sec

=S, = %a(n -2)?

.. Distance travelled in last two seconds,

=S,-S,5 = lan2 —la(n—Z)2

2

:%[nz—m—z)?]:%[m(n—zmn—(n—z)]

—a2n-2) =Ygn_g =201
n n
dx
o= 308
dt
v=0att=2s 0:9:—1&
dt
2
At 2s, a = -32m/s
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DPP (04)

20. (d) Integrate twice to convert a-t equation 28. (4) . Xz .
into s-t equation. -14 -10 0 6
21. () x=3t° ! v =413 t =2 sec t =0 sec t =4 sec
i X —)
= v =£:9t2 i v :Q:Ith k—
T dt v dt x=t>-3t*~10
_\/ 2 2_\/ 2lz 2\2 2 u:%:3t2—6t
v=4v," +v,” = (9t%)* +(12t*)* =15t¢°. at
22. (b) Distance travelled = area under v—t graph in time v = 0 gives
interval 20 to 40 sec t=0andt=2sec

Velocity will become zero at t = 2 sec, so particle will

1
"2 X 20>3+20x1=50m change direction after t = 2 sec.

23. (b) Totaldistance = < x10x 2+ 2x 10+ £ x 2x 10 = 40m At 1=0
2 2 x(Osec) =-10
Distance travelled in last 2sec = % x2x10=10m At t=2sec
2
Simrey 10 1 Xizse) = 2 —3(2)° -10
S, 40 2 =8-12-10=-14
24. (a) v=g : u=0. At t=dsec )
1 ) Xgse) = 4> —3(4)* ~10
25. (a) S=ut+Eat2,if u:O,S:EQtz. =64-48-10=6
da Distance travelled = x; + x,
26. (8) —=1=a=t
® a = [-14-(-10)+|6 - (-14)
Letatt=t,a=4 =>t1 =4s
S a=0 =4+20=24
0 toas 19 Distance travelled = 24 units = 6 X 4 units.
. —> u= 1I = } S . 29. (6)
A Xl X2 B 20 m/s
d 2 1 m/s?
?” =t=v=" - I _______ 20 $10m/s
g y T io
4
Att:tl,UI:E:Sm/s 120 m
dx  t? t*
a 2 6 1 )
Letatt = t2, v2 = 144 kivhr = 40 m/s —120=10t 5 -10xt
v=vi+at =>40=8+4+t 5
2 30 t“-2t-24=0
:>tz=85m=€:§m t = 6sec
1 30. (4) v
_ 1 2 _
X2 = 8><8+2><4(8) 192 Km Vo
Distance for which it runs with uniform velocity:
o————©O
S=2000-2(x +x2) ts = — A 2m—>B <> <=>b
40 vlX vy
Totaltime T =t +t, +t; +t, +t =64 s Total time taken = 4 min
A 7 o Yo% g
27. (1) 7=(%—4t+6)i +t2j;f):% M Y 4 min
R odE o~ n (i) Total distance travelled = 2 km
= (2t—4)1+2t].a=5=21+2] =  Area under v—tgraph = 2 km
If the vectors are perpendicular 1 LYo oo + 1 LYo vy = 2km
a,0=0 2 x 2y
(2{+2j).((2t—4){+2tj) =0 From (i) and (i), l+l —4
8t-8=0,t=1sec x v
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(d) Relative velocity of Aw.r.t. B=20—-(-30) =50m/ s

(a)

. 120+130
time=———="5sec
50
When two particle moves towards each other
U +0y, =6

When two particle moves in same direction
v, Uy =4

= v; =bm/s, v, =1lm/s.

Relative velocity car with respect to train
Uc
- A x
Uet = Ucj = Ui AN
N
N
N
€ ——————
— Ut Ut
Hence, direction is ‘North-West’.
5 5
Velocity of car AwrtC=45x—+36x— =225
elocity of car Aw.r ><18+ 18

Distance = 22.5x5x60 = 6.75km.

For, shortest time, he should cross perpendicular to
the river

1km
4km/ hr
Time taken round a trip = 0.5 hr = 30 min.

Time to cross theriver = =0.25hr

V. B

A Vw
For shortest distance vgsind =V,

= sin6':ﬁ:l = 0=30°
vg 2
Time taken to cross the river

D D 2
VB cos® VB\/§/2 \/§VB '

s 90 x 60
= =36

5.5 90460
90 60

s
Now, t = =
Uy +Uy

S

At 2s

Xp =10x2—%><4><(2)2 =12m

1 2
Xg :20><27§><2><(2)
=36m
.". Distance between A and B at that instant is,

24 m.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

(a)

(d)

(d)

(d)

or

(d)

At any time
vy =u— gt (upward)

IuBz
L

vg = gt (downward)

Relative velocity Aw.r.t. B
Vap=u—gt—(-gt)=u.
Separation between two bodies
= % x9.8(3% —2%) =24.5m.

v? =u? +2gh

2
s (3u)? = (u)? + 2gh = h= U
g

All particles will fall under the action of gravity only
so their speeds will remain same.

h:ut+%gt2 = 81=—12t+%x10t2

= 5t -12t-81=0 =t = 5.4sec.

Time of flight = 2u
g

= 4zf—8:u:20m/s.

Time of ascent = Time of decent = 5 s upward
= 5 s downward.

1
h =—
172

h; + h, =100 = 50t =100 = t = 2sec.
t h 1

PP W L

Oc\/_:>t2 2hn 2

Relative to lift

ur =0,

a, = (98 +1.2) = 11m/s”

o, =50t~ L gt

1 o
S, = fart

2

", 2.7=1><11><t2
2

’5.4
t=,—s
11

Distance travelled in n second

S, :u+%(2n—1)
Ss =§(5x2—1):45m.

Relative velocity of stone w.r.t. ground

v, =10+5=15m/s
Velocity aftert = 2sec
v=u,—gt=>v=15-10x2=-bm/s

i.e. bm/sec (downward).
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22.

23.

24.

(c)

A Vit

Height of minaret
1
H==
5 gt

In last 2 sec body travels distance of 40 m

(H-40)= —g(t—2)

:>H—4O:§gt2—29t+2g

= H-40=H-2gt+2g

= t= gg =3sec
H:%xle(3)2=45m.
VZ = u® - 2g(-h) = u® + 2gh u

V2 =u? +2gh =u® +2gh

V, = Vg (Attain the same final velocity).

We take downward as the positive direction with
= 0 and t = 0 at the top of the cliff. The freely
falling pebble then has vo = 0

g= +9.8m/52.

anda =

The displacement of the pebble at t = 1.0 s is given
by v1 =
t = 3.0 s is found from

4.9 m. The displacement of the pebble at

1 1
Y3 =vot + Eatz =0+ 5 (9.80 m/s?)(3.0s)2= 44 m.

The distance fallen in the 2.0 s interval fromt = 1.0 s
tot = 3.0 s is then

Ay:y37y1:44m —49m=39m

25.

26.

27.

28.

29.

30.

(c)

'.'h=ut+%gt2 Dh:%gTZ

T
After — seconds, the position of ball,
3

h
= — m from top

"9

". Position of ball from ground

[
||

3:
[\D\v—t
X
@\co
h\]
l\')
|—— 3-—>|<—>—>I

b

h 8h
—m

A

Relative velocity of bird w.r.t. train =30m/s
time = @ =7sec.
30

Velocity of passenger w.r.t. combine system (train +
passenger) is zero.
Let speed of train = x

x_u:l:>><+u:2x—2u

xX+u
= x=3u

Distance covered in first 3 sec.

distance covered in last second

S== (2n 1)

%xgx9:%(2n—1)

= n=>5sec.

(60) H, ., =5

zz_ju_m 10m/s
g

Time interval between two balls
u 10 1

=—min.

g 10 60

Number of ball thrown per min. = 60.
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. v
1. (c) Since,v =rw = @ = = = constant
r

[asv and r are constant].

2. (a) w=27z_ 2r

T ~ 86400
- T=24hr =24 x60x60 = 86400 sec.

3. (d) For 5 s weight of the body is balanced by the given
force. Hence, it will move in a straight line as shown.

)

+ (ucos 8)(5)

rad / sec

_ u2 sin 260
g

2 . o
- w + (50 x cos 30°)(5) = 25043 m

4. (d) Since, a < v?

a; v

3
e

Because kinetic energy is a scalar quantity.

6 (b) Due to centrifugal force
7. (c) Maximum force of friction = centripetal force
2 2
mv” _ 100 % (9) _970N.
r 30

8. (a) Banking angle

2
tan@ = v and tan@ = ﬁ
R b

g
h v? v?b
a0 p2t2
b Rg Rg
9. (o 5.=-5d
N
W E
S

va,b,czz‘/gi
U, =U,, +U, =261 -5j
lﬁb‘ ~J4x6+25 = Tm/s

10. (b) From energy conservation

%mu2 =mgh

= v =4/2gh =v2x10x0.2 =2m/s.

12.

13.

14.

17.

v
(O— N
Vs w E
0/
] S
Here, Velocity of water flowing in river,
ne = 3ms ! Velocity of swimmer in still water,
ng = 4ms ™! From figure, the resultant velocity of
the swimmer is
b= VZ +VZ =@ +(3)7 =25 = 5ms !
(b) Minimum velocity at B
Ug = \/E
Range (R) :vswf% = \/E‘/—Z(Z” = R=2l.
g g
(d) Tension at lowest point
ml)2 2 2
Toox = +mg=mw‘r+mg =mlg + (27f)°r]
r
5 n? z2nr
=m|g+4r Sr|=m g+ .
(60) 900
(d) Maximum tension
2 LU
T="0 mg 2
r S
Since, mgh = EmUB e
=ovi=2¢h | ¥ |
=2gl(1-cos6y) h "
T:mg+2r791 (1-cosby) mg
. 26,
=mg + 2mg x 2sin >
For small angle sin@ ~ @
0. \2
T= mg+4mgx[?0j = mg(1+o9§).

(c) Because horizontal velocity is same for coin and the
observer. So relative horizontal displacement will be
zero.

(d) H o sina

. 2
.'.izzsmia:tanza
Hz  6in?(90°- )
(c) Time taken by the bullet to hit target

200 1
=——=—sec
2000 10
Vertical-height

2
1 1 1 1
y:hZEQtZZEXlOX[EJ :%m:SCm[uy:O]
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u2 sin 260
18. (b) =—— =24
R
1
I
<>
6 m5 18 m
QXZ
Iny = xtané -
2u” cos” @
36
3 = 6 tan 0— 2792
2u” cos” 6
g sin28  sinfcosé
From Eq.(i) — = =
u 24 12

Substituting in Eq. (ii), we have

3 9
3 =6tan 0 —Etane :Etane

0 = tan -1 (g)
3

19. (c¢) Since, horizontal component of velocity is constant.

20. (b) The relative acceleration of one particle w.r.t. to the
other is zero, so relative velocity is constant in
magnitude and direction.

= (5i +12j) + (3i — 4]
vp = 8i +8j
22. (a) T/2=2+1=3sorT = 6s

LUy = 30m/s

Further, tan 30°= 2 =

Us Ux Ux
or u_ =103 m/s
or U:\/m
= 20\3 mis
u 30
tan@ = i:m 3 =x/§
or & = 60°

2 . 2 .

u sm26:200m:>2u schost
g g

2usin @ ( 2usin @
=" " -5 >

g g

23. (d) R= 200

T

ju cos@ =200

= ucos¢9:@:40m/s.

24. (c) vcos@=ucos20

b= u(2cos? 6-1)

=u(2cos@ —secb).
cosd

u2 sin @

25. (d) R-= at angles 6 and (90o -0)

g

2 .2
u sin” @
Now, hy = ————— (given)
2g

u2 sin2 (900 -0) u2 cos2 0
2g - 2g

and h, =

26. (25) mg=Nsiné ...(i)
Centripetal force is provided by N cos@

Ncosf = m

By (i) / (ii) — tan@ = % and tand = =
v h

2 2
h="_ 09 _025m-25cm
g 10

27. (32)Here, u=8ms™, h=80m

1

The time taken by 8 ms
the stone to reach

the ground is 80m
i= |2
g

2x80m
= - =4s
10ms

Distance, d=uxt=8ms™ x4s=32m.

Tower

s
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2 . 2 2 .2
28. (25) o uosin 6 (10)° xsin 30:125m

2 2x10
t= usin 0 [time to reach top point]
10x 1
=0 2 _ (.5sec

Distance of vertical fall in 0.5 sec

s:%gtz :%xle(O.5)2 ~1.25m

Height of second ball =1.25+1.25=25m.

29. (20)
le— x —>l
[ u
1[. v v v? =L
Minimum Shortest
L
10=— i
v (i)
L L
125 = = ... (ii)
\/1)2 —u? u\/1—u2 /v?
2, 2
From (i) and (i) —— = L x2N1=4" /v
125 v L
2
o[
5 v

2 2
6 _, 127 122, 16_09

25 2 2 25 25

£:§DU:12;5 —20m/s

(3) Velocity of rain with respect to car Uge = Uge —Uc

should be perpendicular to the windscreen.
i.e. components of vzand uc parallel to wind —

screen should be zero.

Wind screen

or 6 cos a =2sina
or tan 6=3

or a=tan? (3)
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N

10.

11.

12.

13.

14.

Cs

ey

(c)

Because of inertia of motion upper part of body
continues to be in motion in forward direction while feet
come to rest as soon as man touches the road.

Since, force needed to overcome frictional force.
Velocity of train increases.

Suppose F is reading of spring balance. Then,
F—-2g=2gorF=4g

So, it is 4 kg or 4 kg- N

Note That 1 kg = g-N

p=a+bt’= F=%=2bti.e.Foct.
ﬁ:pr+pyf:2costf+251nt}
I:":—:—251ntf+2cost}'=>13.15:Oi.e. 6=90°.

Spring balance =mgsin30 =5x10 x% =25N.

dv _ 0.25x[10-(-10)]

F=m =25x20 =500N.
dt 0.01
1000-500 1 .
a=—""—=—=05m/s
1000 2

u=10m/s t=10sec

v=u+at=10+0.5%x10
v=15m/s.

F = Rate of change of momentum of ball
_mu—(-mv) _ 2Zmv
- t ot

m=15kg ; u=1.5m/s (horizontal)

a= g =1m/ s? (Perpendicular to velocity)

Sy=ut=15x4=6m
1

Sy = 5 at? :%xlx(ﬁl-)z —8m

S,, =16%+82 =10m.

Weight of the disc = force applied by bullet
40x0.05x6
=> Mg=nmv=>m=———-—7+
10
v
dt

=1.2kg.

As 5=5ti+2tj :a

ay

— ~ I ~ I ax
= a=a,d+a,j=5 +2j

may

- A

F:maxf+m(g+ay)j

=my5% +(12)

=26N.

m(a,+g)

At 11%second a = 0 _23'6 =-18m/s?

Tension in rope

T =m(g+a)=1500(9.8 —1.8) = 12000N.

15.

17.

18.

19.

20.
21.

22.

23.

24.

25.

(b)
(b)

(a)

(d)

(b)

F,=m(g+a): F; =m(g—a).

T=2ryl/g

3TocL

Jg

g
A_J“s \/Liﬂzzﬁr
T, g 3 J3 2

m=0.05kg ; a=9.5m/s>

mg— fair =ma = fair = m(g —Cl)
=0.05%(9.8-9.5)
=0.015N.

As by an internal force momentum of the system can

not be changed.

Due to Newton's third law. The force experienced by

the bird as compared to that of the aeroplane is equal.

Due to 3" law of motion.

Reading = weight of cage + Reaction of bird
=20+0.5(10+2) = 26N.

Since action and reaction acts in opposite direction on

same line, hence angle between them is 180°.

2 3
vV 10 _
Rate of flow of water — = —— " —10x10 6m
t sec sec
3
. 107k
Density of water p = 3 g
m

Cross-sectional area of pipe A = 7(0.5 x 107 )2

dv mv vpv pv V
o

2
v
Force = m— = = = (j P
At t A

d  t ot ot
v
( v
At

By substituting the value in the above formula,
We getF =0.127 N

The acceleration of a rocker is given by
v ( Amj 400 ( 5)
a=—|—|-g=——-|—1|-10
m\ At 100\ 1

=(20-10) = 10m/s?
Velocity by which the ball hits the bat
vy = VJ2gh = V2x10 x 50r51 = +10m/s = 10m/s

Velocity of rebound

vy = \/2gh2 = \/2 x10x 20 = 20 m/s orv, = 20m/s

_dv m(v,-v;)  4(-20-10)
Fema="a ~— &

By solving, dt = 0.12 sec

= 10N
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vx = 30m/s

0 E

Displacement of body in 4 sec along OE
S, =ut=3x4=12m
Force along OF (perpendicular to OE) = 4 N
F 4
=—===2m/s$
YTmT2
Displacement of body in 4 sec along OF

= S, :uyt+%ayt2 :%x2x(4)2 =16m  [Asu,=0]

. Net displacement s = \/sf +s2 = \/(12)2 +(16)%
=20m
27. (1) m=10kg ; breaking force=30kgwt = 300N =T,

T-mg=ma
g 300-10x10

=20m/s®
10

= S:%xaxt2 310:%x20xt2

= t=1sec.

28. (3) T=m(g+a) T
Since, T=4mg T
= 4mg=rh(g+a) | I“
= a=23g Mg

29. (10) The acceleration of a rocket is given by

a= E(A_mj_g - @[2]—10
m\ At 100\ 1
= (20-10) = 10 m/s?
30. (25) When all are pulling
F,, —100x3i
when A stops
F,, —F, =100x1(-i)
When B stops
E,., —F; =100x 24j

net —

from these three get IEA +F, = (700f - 2400})N

hence acceleration of the cart

_F,+F, _ (700i —2400)) .
m 100

d=(7i—24jim/ s? =|d =72 + 247 = 25 /s’

/s?

Qy
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10.

11.

12.

MV = myvy + MoLg
= 10x10=0+1xv, = v, =100m/s.
myv; = myv, = 1000x 50 = (1000 + 250)v,

. _ 50000
271250

Newton's second and third

=40m/s.

laws lead to the

conservation of linear momentum.

m, =0.0l1kg ; M=>5kg
mx300+M><0:m><0+Ml)
UZM:O.&T:/S =60cm/sec.

Impulse = Change in momentum

=m[10—-(-10)] =0.15x 20 =3 Ns.

Change in momentum = Impulse = F xt

F_ 0.5x10 — 950N
1/50

Law of conservation of momentum

msug = —1x (3i+4j)kgms™

Impulse = Average force X time

Impulse  Change in momentum

= Average force = —
time

time

—(3i +4j s a0
:%LB:M])AO“N

A

‘(mlv1 )f +(myv,)j

=mgU3

= J(1x5)?%+(2x6)? =m; x6.5

13
mg ZEZZkg

Totalmass =1+ 2 + 2 = 5ka.
| (myuy )i + (mzuz)j' |= mgug
2 2
J[ngj (Maa)
4 4
Sug =

3 = M2 :gm/s:Z.Sm/s.

[ (myvy)i +(mgvy) j [= mavs

(2x8)% +(1x12)?

=40m/s.
0.5

= U3 =

[(myoy)T — (Myv,) ] = mavg

(MXZU)f—(ZMxv)f:m303=>m3v3 =0=uv3=0.

Oé—’:’:oakg/sec; v=1km/sec =1000m/s
mv = constant
:mﬂ—vd—mzo [as m 4]
dt  dt
_ dv_1000x01 _, .,
dt 100

13.

18.

19.

(c)

(d)

(d)

F:UC;—T:SXIO“ x40 = 2x10°N.
F=v? _ 2029 _16.66N.
dt 60
Rate of flow of water = M =10x10°m3 / sec

Density of water (p,,) = 1000kg / m°
Area (A) = % = 7(0.5x107%)?

Force(F):mﬂ :ﬂ :V_pl)
dt t t

(P Ha)

. distance V Al
Since, v = — =—=—
time At At
2
- [!j £ _10x1075)? X&SZ
t) A 7x(0.5x107°)
_100x1000x10"**
7x25x1078
107 x10® 10
=———— =-— =0.127N.
257 257

Impulse = Area under F — t graph is maximum in
case Il & IV.
Impulse (I) = area under F —t graph

:%><2><4+2><4+%(0.5)(4+2.5)+2><2.5

=4+8+1.625+5=18.625

Now, Impulse (I) = Change in moment

18.625 = m(v; —v;)
18.625 18.625
= V=t =5+
2 2
vy =14.31m/s.
Momentum acquired= Impulse = area under F-t
graph
~ 12 1044x10
2
=50 N-s.

Change in momentum = Impulse

= area under F —t graph

= mU:%x2x10+2x10+%x2(10+20)

Liaxoo
2

=10+20+30+40
=100

v:%:SOm/s.
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20.

21.

22,

23.

24.

2
(c) Impulse (I) = area under F -t graph = ”2r
Now, Impulse (I) = Change in momentum
2
s u=ZT o 7RM/2) KT

(c) P.=2cost, P, =2sint .. P= 2costf+25int}

IE:%:—ZsinthchostfﬁIE.ﬁ:O-'~6’:90°~

(a) By conservation of linear momentum,
0=3x16-6xv, ..0v=8m/s for 6 kg

.. Kinetic energy of 6 kg mass = % x6x 8% =1924.

(@) Here, Mass of the shell, m = 200g = 200 x 107° kg
Mass of the gun, M = 100 kg
Muzzle speed of the shell, V = 80 ms™!
Recoil speed of the gun, v="?

According to the principle of conservation of linear
momentum, mV + Mv = 0

_mV _ (200x10"3kg)(80ms ™))
M 100kg

L=

-ve sign shows that the recoil speed of the gun will
be in a direction opposite to that of the shell.
(b) Here,
Mass of the gun, M = 100 kg
Mass of the ball, m = 1kg
Height of the cliff, h = 500 m
and g = 10 ms™?
Time taken by the ball to reach the ground is

[ {2><500r2n 108
g 10ms™

Horizontal distance covered =ut

400 =ux10
Where u is the velocity of the ball.
U=40ms!

According to law of conservation of linear momentum,
we get

0=Mv+ mu

__mu_ (kg@Omsh) 1
Y 100 kg

-ve sign shows that the direction

-ve sign shows that the direction of recoil of

25. (¢ F= 600—2><105t:02t:3><10_356c

3x107°
Impulse [= j; Fdt= jo (600 — 2x 103t)dt

— [600¢ ~10° 21719 _ 0.9N x sec
26. (72) Here, me= 10kg;
m1 =30g =30 x 103 kg
Number of bullets fired/sec, n = 6 ; F = ?
v1 = 400 m/s
As force = rate of change of linear momentum
_ changeinlinear momentum  nm v;

F

time 1
_ 6x30x1073 x400
1

27. (80) Let n bullets be fired in one second. To stop the tiger
in his track, in his track, rate of change of

=72N

momentum of bullets = rate of change of
momentum of tiger n (50x107%)x150=60x10
60x10

n=—————+- =
50x107 x150
28. (9) Here m: = 1000 kg, u; =32 m/s,
m, =8000kg , u, =4 m/s, v; =-8 m/s, v, =7
Using principle of conservation of linear momentum,
my Uy +my v; = my u; +m, u; 8000
v, +1000 % (—8) = 1000 x 32 + 8000 x 4 = 64000
bo = 64000 + 8000
? 8000
29. (98) Here, M = 10g = 107%2kg, n = 10,
M=5g=5x10%kg v ="
To keep the disc floating horizontally.

Weight of disc = upward force on the disc = rate of
change of momentum of marbles

102x9.8 =nxmx2v=10x5x10"° x 2v
-
10
v=9.8x102%x10 m/s = 0.98 m/s
30. (5) Here, m=2x10%kg, F=5x10°N,t=20s
v="u=0.

As Impulse = change in momentum,

=9m/s

o Fxt=mv—u)=mv

b= Fxt _5><105><20

- 9x10° =500 m/s
X
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