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Units, Dimensions and Vectors

SOLUTIONS

Exercise-1 (JEE-Main Pattern)
SECTION-A
1. Ans. (4)
[Surface tension] = [force/length] = M1LOT 2
Suppose [surface tension] = E¢ VP T¢
MMLOT2 = [MI2T-2]¢ [L'T-1]® [T]¢
Matching dimensions of M = a =1
Matching dimensions of L= 2a+b=0=b=-2
Matching dimensions of T= -2a-b+c=-2=c=-2
[Surface tension] = EV 2T 2
2. Ans. (3)
We know that, a dimensionally incorrect equation is always incorrect.
3. Ans. (4)

sin1°=1 x
180

cos2°=1
4. Ans. (4)
GM?
F=—3 = G = [M-1L3T-2]
E=hv = h = [ML2T-1]
C=[LT1]
t oc Gxhv (=
[T] = [MAL3T2]<[ML*T*P[LT]*
[MOLOT1] = [M~x+yL3x+2y+2T-2x-y -2
On comparing the powers of M, L, T

-x+y=0 =>x=y

3x+2y+z=0 =b5x+z=0 -(1)

-2x-y-z=1 =3x+z=-1 ..(ii)
On solving (i) & (ii)

1 5
X:y:z’zz—z

Gh

toc;
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5.

Ans. (4)
niU; = NylUy
128kg 509
m3 2 (25cm)3
128x1000g 509
(100cm)3 — (25cm)3
n, =40
Ans. (2)
F_ o

A 0

Now from dimension
[a] = LT-2
[V]=LT+
[V]? = [L][a]

yt
L2=_a2
_ﬂ_ 1 V-4 A2
[YJ—[A]—FV a

Ans. (2)
—x2
F = aﬁe<m>
X2
[aKT
12
[@|ML?T 2
= [o]=M1T?
[F] =[] [B]
MLT-2 = M1T2[B]
= [B]=Mz2LT+
Ans. (4)
L =p FaAbTe
= [L] = [MLT2][LT>]"[T]*
= a=0,b=1,c=2
Ans. (1)
niui = NaUz
n1(10 gm)(10 cm) (0.1 sec.)2 =1 (kg)(m) (sec.)2
= m=01N

— MOLOTO

— MOLOTO
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10. Ans. (3)
Let x = pyazb
= [ML2T-5] = [MT-]a[LT-2]®
11. Ans. (3)
If an equation is dimensionally correct then it may or may not be correct.
But if an equation is dimensionally incorrect then it will be incorrect for sure.
Ex: S=ut+ %at2
[S] = [ut] = [at?] = [L]
This equation is dimensionally correct, but by this method we can’t say that the exact equation will
be S = ut + %atz.
12. Ans. (1)
N
pad *
Ub i
D E ---------- >
w1557 E
S
,QQJ i
o v
s
Component = 18 cos 60° =9 km/hr.
13. Ans. (4)
i=2
4]
14. Ans. (1)
2y
A(5,2)
Z4a
B(a,b)
JG-a)2+(2-b)2=10
2-b
tan37°=——
5-a
15. Ans. (1)
So, component of acceleration in the direction of velocity = -g sin 37° = - 6m/s>.
ALLEN Digital www.allen.in
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16. Ans. (1)

Angle between 7 and Z is not 90°.
17. Ans. (4)

Ry =J(2f)2+ (3f)2+2x2f x3f cosf

R, = (2f)2+ (6f)2 +2x 2f X 6f cosf = 2R,

2\4f2+9f2 + 12f%cos6 = \/4f2 + 36f2 + 242 cos O

4(13f2 4+ 12f?cos8) = (40f2 + 24f2 cos 9)
3f2=—6f%cosH

cosf = — 5
= 0=120°
18. Ans. (1)
(a¢d+BB)-C=
19. Ans. (3)
Let'ssayXx =4 — B
A-B=—-i+5+k=%
Unit vector in direction of (A — B) = % =%
C = pi+pj + 2pk
¢ = i+j+2k
V6
%.C = cos O where 0 is angle between £ and ¢
-1+5+2
m = cos©
2
cosO = % = g
0 =cos™! (g)
20. Ans. (5)
Displacement, 4r = r—1r=05-2)+@-3)j+3- Mk = (Bt+7 - I?)m
Net force, F = E) + f‘; = (Zi + 37+ 4E)N
Workdone, W =F - Ar =6+3—-4=5]
SECTION-B
1. Ans. (4)
m=Rwvd az (where k is dimensionless)
[M] = [LT-']* [ML=3} [LT2]
Solve for x, y and z.
[6] www.allen.in ALLEN Digital



) . . ALLEN
Units, Dimensions and Vectors DIGITAL

2. Ans. (3350)

D ~ 1,8 = (384000) (%) = 3350km
3. Ans. (3)
Direction of P, ¥; = + &zzg' =+ l_\g
Direction of Q, ¥, = + éxg = iz—k = +k
|AxC]| 2
Angle between 7; and 7,-
D1.0 +1/4/3 1
cosO=—""—"—"—= =+—
1D111D2]  (1)(D) 3
= x=3
4. Ans. (2)
pocm’
pocv’
pocty

p = k[M] [LT]° [T]¢
ML2T-3 = MalbT-b+c

a=1
b=2
-b+c=-3
-2+c=-3
c=-1

p xvZ =p=ky?

5. Ans. (2)

R = /P2 + Q2+ 2PQ cos 6

V7Q = /P2 + Q% + 2PQ cos 6 0°
7Q2=P2+ Q2+ PQ
P2-6Q2+PQ=0
P2+QP-6Q2=0

p_ Q% J0%+24Q*
= 2

_-Q£5Q
-2

2Q

Sl o
Il
[\
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6. Ans. (1)
|F, — F,| = F? + F? — 2F,F, cos(1.8°)

1.8 i
1.8 = —mrad.= —rad

180 100
|Fy — Fy =\/1000+1000-—2000cosig6
=\/2000(1—cosi)=\/ZOOOXZSinZL
100 200

1-172
= |4000 (m) =1
7. Ans. (4)

(t+2)—nk).(41+2]+2k)=0
= 4+4-2n=0
= n=4
8. Ans. (5)
Displacement vector (d) = (2- 1)1 + (0 — 1)j + (3 — Dk
= d=1-j+2k
F=5i+2j+k
Work done = F.d = (50 + 2 + k). (i — j + 2k)
—5-2+2=5
9. Ans. (3)

10. Ans. (6)

Given

F=F +F,

F,+F, =16

F=8

F? = F? — F}

= 8=F+F)FE —F)
= 64=16(F-Fi)

= F-Fi=4

= 16-F,-Fi1=4

= F1=6N
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Exercise-II (JEE-Main PYQs)
1. Ans. (3)
|A] = |B| = x (1)
A+B|=nli-5
A? + B? + 2AB cos® = n?(A% + B%2 — 2AB cos 0) ..(ii)
2x%(1 + cos0) = n? x 2x%(1 — cos 0)
1+ cos® =n? —n?cos?6
(1+n?)cos®=n?-1

n2—1

So, cosb=——
n2+1

bl

S
|
~>
7

NI o NI

> - > 2 > 2 - -
Ay + Al = JIAs] + |A,[" + 21| cos

5=4v94+25+2Xx3X5cosf

9 3

0S8 = =5 3x5_ 10

- - - - - 2 - - - o - 2
= (24, +34;).(34; — 24;) = 6|A;| +94,.4, — 44,4, — 6|4,|
=54+5x3x5(— 1)~ 6x 25

45
=54-150-— =-1185

4. Ans. (3)
[h] = M1L2T-1
[C]= LT
[G] = M-1L3T-2

M1L2T~1x[5T~5 -
A= —1L37-2 = M1L2T-

ALLEN Digital www.allen.in [9]
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5.

Ans. (2)

Let [E] = [P]* [Ap [T]*
ML2T-2 = [MLT-1]* [L2} [T)?
MIL2T-2 = Mx [ x+2y T-x+z

- x=1

- Xx+2y=2

1+2y=2

1
=3

-  X+z=-2
-1+z=-2
z=-1
[E] = [PAV2 T-1]

Ans. (4)

Ans. (4)

m o« t*vPg¢

m o« [T]*[LT )P [ML*T1]¢

MlLOTO — McLb+ZCTa—b—c

Comparing powers
c=1,b=-2,a=-1
mo t~ly=2p1

Ans. (2)

[A] = [MLT=]

[B] = [L]

[D] =[T]

AD71  [MLT?][T~1]

F] T

A?D] = [ML*T 73]

Ans. (4)

E = ML?>T~2

L=ML>T™1

m=M

G = M—1L+3T—2
EL?

P =2

P] = (ML?T~2)(M?L*T~?)

M5(M~2L°T—%)

— MOLOTO
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10. Ans. (1)
Density = [FaLbTe]
[ML-3] = [MaLaT-2aLbTe]
[M1L-3] = [MaLa+b T-2a+c]
a=1;a+b=-3; -2a+c=0
1+b=-3; c=2a
b=-4;c=2
So, density = [F1L-4T2].
11. Ans. (1)
Torque T — ML2T =2 (III)
Impulse [ = MLT™1(I)
Tension force = MLT 2 (IV)
Surface tension = MT =2 (II)
12. Ans. (2)
[M] = [F]*[T]? [V]
[M1] = [MLLAT-2)a [T1]b [L1T-1]¢
a=1,b=1,c=-1
[M] = [FTV-]
13. Ans. (180)
Px(Q=0QxP
PQ sin 6 =-PQ sin 6
= sinB=0
= 0=0,180,360......
Given 0° < 0 < 360°
= 06=180°
14. Ans. (2)
We know,
0A+0B+0C+0D+0E+0F+0G+0H=0
By triangle law of vector addition, we can write
= A0 + 0B ; AC = A0 + OC
= A0 + 0D ; AE = A0 + OE
= A0 + OF ;AG = A0 + 0G
AH =40 + OH
Now AB + AC + AD + AE + AF + AG + AH
= (7@) +0B+0C+0D+0E+OF+0G+0H
_ (740) +(0 - 04)
= (740) +A0
=840 = 8(2i + 3] — 4k)
=161 + 24 — 32k

| 5l 8l &l
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15. Ans. (4)
A.B =|ixB|
AB cos 0 =ABsin 0 = 0 =45°
|A — B| = VAZ + BZ = 2AB cos 4 5°
=A% + B2 —\24B
16. Ans. (4)
(Acos®)B=A (A—g>§ = A?BE
2 (i +j) P
=—|—)=1
vz
17. Ans. (1)
AD = 240 (i)
A: AB+AC+AD = (A0 + 0B) + (40 + 0C) + 240
AB + AC + AD = 440 + OB + 0C . (i)
R: AB+BC+CD=4D
AB + BC + CD + AD = 24D = 440 .(iii)
So, A is correct but R is not correct.
18. Ans. (1)
Let magnitude be equal to A.
. o R 3. 1,
OA = A[cos30°7 +sin30°f] = 4 7L+E]
- 1 \/§
OB = A[cos60°7 —sin60°j] = A [E“—7j]
s ) _ R 1. 1
0C = A[cos 45° (—1) +sin45°j] = 4 [——21 + —2]]
— — — [(/3+1, 1)\, (1— 1).
0A+OB—0C—/’IE(—2 +ﬁ>l+<—2 —2>]]
Angle with x-axis
1_v3_1
-1 |2 2 V2 -1 [1 —V3-+2
tan | =tan"! [———
V3.1, 1 V3+1++2
WA
19. Ans. (3)
Angle between A and §, 0 =60°
Angle between Aand A - B 3
3
. Bsin® B3 .
ana = = °
A — Bcos8 A—Bx% A
= V3B
ME=o4—B
[12] www.allen.in ALLEN Digital
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20.

21.

22.

23.

24,

Ans. (4)

G- 0 _
mAT — Kg°C

[ML-3] = [MLT2]a[LT]*[T]e
= [MaLa+bT-2a-b+c]

a=1,a+b=-3,

= b=-4,

also -2a-b+c=0

c=-2
Ans. (1)
v =Aaghpe
Using dimension formula
= [MOLAT-1] = [L1]a [L1T-2]b [M1L-3]¢
= [MOLAT-1] = [Mc La+b-3¢ T-2b]

c=0,a+b-3c=1,-2b=-1=b-=

DN |

Now a+b-3c=1

= a+ -0=1

153 m /s

Correct option is (4)

Ans. (1)

Let instantaneous velocity be v. time,

9 R
t_Arc Length “"4 _mR

14 14 2v
Average velocity,

<V>_£_R\/§(2v)_2\/§v
¢t mR  =n

- Y _

T
V) 242

AB = RV2

ALLEN Digital
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Exercise-III (JEE Advanced Pattern)
SECTION-I
1. Ans. (B)
In AABO In AAOC
A0 =203 sin30 = 103 A0 = Zsin 60 N4 A
Comparing Z = 20 i
C0=Zcos60=20 x5 = 10 20V3/ [} LetAC=2
BO =20v3 cos30 = 30 30° /60°
BC=B0-C0=20 B <o B
74 = 301 + 10v/3]
FC == 202
T4 = T — Ty = 208 — (308 + 10v3j)= (=101 — 10v3j)
2. Ans. (C)
N
41+ 3f
-— ————p
X
41-3j
3. Ans. (B)

Displacement # = (141 + 13 + 9k) — (3i + 2 — 6k)
7 =111+ 11 + 15k

Work done = F - 7 = (41 + j + 3k) - (11i + 11 + 15k)
=44 +11+45=100]

SECTION-II
4. Ans. (BC)

2|8+ xf + 3k| = |4i(4x — 2)] + 2k|

414+ x2+9)=(16+ (4x —2)*> + 4)

12x* - 16x-16=0

‘= 41@

x=2,— %
5. Ans. (BD)

(/f +B-C+ 5) can not be zero if sum of magnitude of three smallest vectors is less than the

magnitude of bigger vector.
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6.

10.

11.

12.

13.

- } Case — 1 find A &B

} Case — II find A& B

SECTION-III

Ans. (A)
(Solution for Q. No. 7 to 9)

L
10 m/s2=5—
/ 2

%x (500kg) (400m/s)? = 2000 ML*T™*

(500 kg) (400 m/s) =100 MLT-1
Solve above equation to get L, T and M.
Ans. (C)

Fever of a boy can't be measured. Temperature of his body is measured quantity.

Ans. (A)
[R] = k[Vx]2[Vy]°lg]°

_ anLyb L}’C _ _ _
- Lx—k[T] [T] [F] — a=1,b=1c=-1

ViVy
g

R=k
Ans. (B)

From directed dimension concept,
[S] = k[UT2[V]°[D]¢
— LJ’ “ Ly b ¢
Ly= k(T) (%) (&)
a=-1,b=1andc=1

VD
S=k—
U

SECTION-IV

Ans. (BC)
F=106dyne=10N
M =1 tonne = 103 kg
L=01mm=10*m
T=0.1sec. = 10-1sec. (IlI) (iv) (P)
F=(MLT-2) =103 x 10-4(10+2)

=10N

ALLEN Digital www.allen.in
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14. Ans. (BD)
E=10%erg=100 Joule
L=10m
M=10gm=10-2kg
T=0.1sec. =10-1sec. (1) (iii) (P)
E=ML2T-2=(10-2) (102) (102) = 100 Joule
15. Ans. (B)
L=10cm=101m
M=100gm=10-1 kg
T=10ms=10-2sec. (I1I) (i) (Q)
n=ML-1T-1=10-1(10) (102) = 100 Poiseuille

SECTION-V
16. Ans. (A-Q), (B-S), (C-R), (D-R)
Use niu1 = nauz
(A) 1 kg.m. sec2 = nz(marg)(retem) (pal)-2
(B) 1kg.m2.sec2 = nz(marg)(retem)? (pal)-2
(C) 1kg. m2.sec3 = nz(marg)(retem)? (pal)-3
17. Ans. (A-Q), (B-R), (C-T), (D-P) y -axis

(A) Velocity of particleA =5v5 (cos 01 {+ sin 01) (10,20)
. (0,20) |--m-rmmm=-=- .
=5V5 X ——=1+5V5 X /!
& \/100 7000+ 55 \/100+400] o/
A
= 50+ 10] &/ |
o
(B) Velocity of particle B 0.10) L,, _____ I (20,10)
=5v5cos 8,1+ 5vV5 sin 0,j ’ (A)/" i /"':i
sl
20 55 x10 .~ ee /o (B4 \(5“‘\ :
= 5v5 x i j=10i+5 : E |
VS X Tioo+ 400 700+ a00) - 100+ \9‘36: : 5
107 + 10 (0,0) (10,0) (200) x-axis
© vB=2f—( o ;

(D) Velocity = —(initial velocity vector of A) = —(5% + 10j)
18.  Ans. (A-S), (B-P), (C-R), (D-T)

By Triangle law of vector addition.

(A) PS = —2(B + 4)

(B) PT = —2B — 34

(C)RS=—-B — 24
(D)TS=4
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Exercise-1V (JEE Advanced PYQs)

1. Ans. (C)
(P)by E = g kT = [K] = [ML2T-2K1]
(Q) by F=nA j—z = [n] = [ML1T]
(R)by E = hv = [h] = [ML2T]
kA(AO)t
(S)byQ=—"7—" = [k]=[MLT3K"]

£
2. Ans. (3)
[d] = (S)(pY(N)*
L= (MlLOT—3)x(M1L—3)y(T—1)z
L = Mx+yL-3yT-3xz

-3y=1 x+y=0 3x+z=0
y:—% x—%:O z=-3x
1
x—§ z=-1

L= (9)¥(p) A
n=3
3. Ans. (AC)

Using C = !
JHo€o

(A) wol? =gV?

.UO _ VZ _ RZ
€ I
R? = R? correct

(B) &l = oV

€ %4

Mo 1

1

E = R not correct
(C) I=¢gycV

I €

V = EO CcC = 0

VHo €o

1 e 1 .
R— MO_R correc

(D) pocl = &V

and R = ’2—0 we can check the correctness.
0

HoC _ 4
€ I
Mo 1,
€o /1o €o
1 R
— |Ee = R > — = Rincorrect
€04 €o €o
ALLEN Digital www.allen.in
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4. Ans. (C)
Let vector from point P to point S be ¢
. C=b|R|R =b|ﬁ|<‘%> - bR =b(G - P)
From triangle rule of vector addition
P+C=5
Pib(G-P)=3§
= S=(1-bP+bQ
5. Ans. (2 [1.99, 2.01])
|/T+§|=2acos%t B
- g . wt
|A—B|=2asm7 a
So, 2a cos%t =3 (Za sin%t) ot
) wt 1 a A
an— = —
23
wt mw 7w 13m
2 66" 6
T
t=21426.. (vo= g)
So, the given condition occurs for the first time at t = 2 seconds.
6. Ans. (C)
E
We have— =B
C
[E] 1
Bl=—=|E|L T
(8=, = L]
= [E]1=[B] [L][T]
7. Ans. (D)
We have,
C = 1
[Ho€o
1
-
[C] oE0
1
= I*T%=
[Hol[€o]
= [uo] = [o] M [L]2[T]?
[18] www.allen.in ALLEN Digital
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8. Ans. (ABD)
Mass = MOLoTo
MVr = MOLOTO

Ll
MOF.L1 = MOLOT?

L2=T1 -(1)
Force = M1L1T-2 (in SI)
=MOL1[-4 (In new system from equation (1))
=13
Energy = M1L2T-2 (In SI)
= MOL2+4 (In new system from equation (1))
=]
Energy
Power = —
Time
= MtL2T-3 (in SI)
= MOL2L-6 (In new system from equation (1))
=4

Linear momentum = M1L1T-1 (in SI)

= MOL1L-2 (In new system from equation (1))
=]-1
9. Ans. (AB)

Given L = x* (1)
LT1=xP -(2)
LT2=xp -(3)
MLT- = xa -(4)
MLT-2=xr ..(5)
= @ T=x*-P

()
From (3)

xCl

x2@=p) — ¥
= o+p=23 = (A)
From (4)

M = xa-P
From (5)
= xi=x x*F
= a+r-q=p .(6)

Replacing value of 'a’ in equation (6) from (A)
2B-p+r-q=p
= p+q-r=p =(B)

ALLEN Digital
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10.

11.

12.

Replacing value of '’ in equation (6) from (A)
2a0+2r-2q=a+p
oa=p+2q-2r

Answer is (AB).

Ans. (BD)
$=[FxB]~
Ko

Sis poynting vector which denotes flow of energy per unit area per unit time.

watt

m2
Hence B, D are correct.

Ans. (4)

B = e%(m,)Phvkd

[B] = [e*][m]P[n]Y [K°]

[MT72A71] = [AT]*[MIP[ML?T-YY[ML3A~2T~4]%
MAT-24-1 = MB+y+8[2y+38 pa—y—45 ga—28
Compare:B+y+0=1;2y+36=0,0-y-46=-2,0-20=-1
Onsolvinga=3,=2,y=-3,8=2

o+pP+y+0=4
Ans. (A)

Y =c*h’G"

ML'T? =(LT " )*(MPT Y (M DT ?Y
1=B-vy (1)
-1=a+2p+ 3y -(2)
-2=-0-PB-2y -(3)
-3=B+y

1=B-v
-2=28 = B=-1y=-2
-1=a-2-6 Looa=7
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