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5.1 Scalar and Vector Functions

5.1.1 Define scalar and vector function
Scalar function:
A scalar function is a function whose domain and codomain are the subsets of real number.
For example, area of circle is the scalar function of its radius which is defined as
A = ir? and temperature is the scalar function of time.
Vector function:
A vector function is a function where each real number in the domain is mapped to
either a two or three-dimensional vector. It is donated z o
as 7(t).
Mathematically, it is written as
7(t) = f(OI + g(8)f + h()k Ft;)
where f(t), g(t) and h(t) are the components v (tj(tZ)
of the vector and they are scalar functions of variable t.
Examples include velocity and acceleration are
the vector functions of time. >
Let F (t) be a vector function. If the initial
point of the vector F(t) is at the origin, then the graph

F(ts)

of vector F (t) is the curve traced out by the terminal

point of the position vector F (t) as t varies over the ! Fig. 5.1
domain set D. This is shown in the figure 5.1.
5.1.2 Explain domain and range of a vector function

The domain of the vector function is the set of real numbers and the range of the vector
function is the set of the vectors. According to the definition of vector function, it is written as

7(6) = f(OI+ 9] + h(Dk

Hence it is function of variable t which is scalar quantity. Therefore, the domain is the
set of real numbers. However, the output of the function is a vector. So, its range is the set of
vectors.

The intersection of the domains of each components of vector function
#(t) = f()I + g(t)] + h(t)k is the domain of #(¢).
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ie, Dom#(t)= Dom f(t) n Dom g(t) N Dom h(t)

Example: Find the domain for the following vector function 7(t) = t2i + % T+ 3)k.
Solution: The vector function is 7#(t) = t%{ + %j +(t+3)k

here f&) =t g(t) = % and h(t) =t +3
Dom f = R,Dom g = R— {0}, Domh =R
= Dom 7 = R — {0}
5.2 Limit and Continuity
5.2.1 Define limit of a vector function and employ the usual technique for
algebra of limits of scalar function to demonstrate the following properties
of limits of a vector function.
o  The limit of the sum (difference) of two vector functions is the sum (difference) of
their limits.
e  The limit of the dot product of two vector functions is the dot product of their limits.
e  The limit of the cross product of two vector functions is the cross product of their
limits.
e The limit of the product of a scalar function and a vector function is the product of
their limits.
Limit of a vector function:
Limit of vector function 7(t) at t = t, is the vector Z, such that the values of vector
function get close to Las long as t becomes close enough to t;.

ie., lim 7(t) = L

St
The limit of #(t) = f(t)i + g(t)] + h(t)k exists at t = ¢, if limit of each component
of vector function f(t), g(t) and h(t) exists at t;.
To obtain the limit of 7(t) at t = t,
Let lim #(t) =alim g(t) =bandlim h(t) =c
t-ty t-ty t-ty

then ~ lim 7(t) = lim (F(©O)L+ g(6)f + (k)
—lo —lo
=ai+bj+ck

t -
Example 1. Find the limit of vector function 7(t) = i+ j+—=k whent -0
et—1,
— 0
et —1

et

Solution: Here, 7(t) =

Now, lim #(t) =lim <
t-0 t—-0
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- et - t ~ .
= lim z I+ lim ——
t-0 e t—0 t

(1—O)A+<1_ Vi+t—1 \/1+t+1)A+< 3 )E
= L 1m .
1 t-0 t Vi+t+1 J

j+3k

1 ~
= 1 (=) j + 3k
vi+0+1 J

t
P+ lim ———
l (fl-%t(\/1+t+1)>

&

1
(i ) 43
=041+t +1 /
1 -
=1{+-j+3k
i+
The limit of the Sum (difference) of two vector functions is the sum of their limits
Limit of the sum or difference of two vector functions 7(t) and §(t) is the sum or
difference of the limits of each vector function.
.. . . - + - - . - + . =3
Le., Plrtlo [7(6) £ ()] P_Ert‘o’”(t) * l‘-{rtl,,s(t)

The limit of the dot product of two vector functions is the dot product of their limit

functions:

Limit of the dot product of two vector functions 7(t) and 5(t) is the dot product of
their limits.

ie., %1_1)1’:10 [F(®) - s(t)] = [ll_r)rtl0 r(t)] . [%g?os(t)]

The limit of the cross product of two vector functions is the cross product of their limits:
Limit of the cross product of two vector functions 7(t) and S(t) is the cross product of
the limits of each vector function.

e lim [7(0) x 3(0)] = [mor(t)] X [mlos(t)]
The limit of the product of a scalar function and a vector function is the product of their

limits:
Limit of the product of a scalar function h(t) and a vector function s(t) is the product
of their limits.

e lim [h(6) 5(0)] = (grtlo h(t)) [mo §(t)]

Example 2. If i = t31 — 3j; # = 3t?i — k are vector functions and h(t)= t + 3 is scalar
function then find the following:

0 lim [u(e) - 5(8)] (i) lim [u() - v(t)]
(i) lim [u(e) x 5(t)] (iv)  lim [A() u(t)]

229
y
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Solution:
0 lim [0 - 30] = [13313 z_i(t)] - [13313 a(t)]
- [imct-99] [im e~ )
[(3)%1 -3f1 - [3(3)%1 — k]
= [27t -3f] - [27t — k] = 271 271 -3} + k
=-37+k
) lim [0 -] = [ lim z_i(t)] : [ lim a(t)]
= [ lim (t3i—3j)] : [ lim (3% - 12)]
= [(D3-3j]-[3(% —k| = [i-3/1-[38t—k] ~[i-i=jj=k k=1]
= (1) B)ED+(=3)- (0)G-N+(0) - (- (k-k) = 3
i) lim [i() x B(0)] = [ lim ﬁ(t)] X [ lim ﬁ(t)]
= [ lim (t3i—3j)] x [ lim (3% - 12)]
= [(1)%-37] x [3(1)% — k]
= [t -3f] x 3t — k]

ik )
=[1 -3 0[=[(-3)(-D-0]i-[(D(=1) = 0]]+ [(1)(0) = (=3)(3)] k
3 0 -1
=37+j+9%

) lim [h(6) 8] = [13% h(t)] [1233) u(t)]
— . . 3/\ _ A — . 3 ~ _ . "
=l ¢+ ] [im @r-3p] =3 (m i [y 3}
= —9j
5.2.2  Define continuity of a vector function and demonstrate through examples
A vector function 7#(t) = f(t) i + g(t) j + h(t)k is continuous at t = t, if the
following conditions are satisfied
(1) t = t, belongs to the domain of a vector function 7(t)

(i)  7(t,) =lim 7(t) =L
t-to
It means value of the vector function 7(t) at t = t, is equal to limit of the vector

function when t approaches t,,.

If a vector function is continuous at a point then its all components will be continuous
at that point.
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Example 1. Show that the function G(¢) = e + cost J is continuous at t = 0

Solution: The components of vector function are f (t)=et; g(t) =cost;
Att=0 f(0)=e=1; g(0)=cos0=1
Now,  lim G(®) =lim (f(©) 1+ g(0) )

— . ~ . N . t a . ~
= <lt1_r}}) f(t)> i+ (ltll)% g(t)) j= (ltl_r)r}) e ) i+ (ltl_% cos t) Ji

=e%i+cos0f =1+7
Hence, G 0) = ltm(l) G (t)

So, the vector function G (t) is continuous at t = 0. Hence shown
Example 2. Show that function 7(t) = |t|i + t-l—il j iscontinues att = 0.
Solution: The components of vector function are
N N
f@® = |t|l+t+—1]

Now, 7(0) = |0[f + —

o1/ =/
We find limit of function
- d — . ~ L " —_ A
ltl_% (r(t)) = 11{1_1}0 (|t| P+ ]) =]
ltl_r)r(l) 7(t) =1(0)
Function is continuous at t = 0.

Example 3. Test the continuity of 7#(t) = tLZ +2tj+3katt =1.

Solution: 7(1) =$+2(1)f+312=i+2j+312

>

N - s i A i _ "_-)
gl_rgr(t)—tll_rg(t2+2tj+3k)—l+2 + 3k =7(t)

7(t) is continuous at t = 1.

Exercise 5.1 )

1. Find the domain of the following vector function.
i) 7(t) = 2ti — 3tf + -k ii) #(t) = sinti+costj+tantk
() 7(6) = 20— 3t) + £k (i) 7(0) R
i) 7(t) = 1 = i +Vtj + 5k iv) G(t) = costi— cottj+ cosectk
(i) 7(8) = (1= 01 +VE) + 5k )§® j k
2. Find the limit of vector function 7#(t) = (e3t — 1) 1 + 3-;_‘/? j+ 9;_1 katt=0.
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3. Ifi = t?i — 2j; ¥ = 2ti— 5k are vector functions and h = 3t is scalar function
then find the following:
@ lim [u(®) +v(0)] (i) lim [u(e) - v(0)]
(i) Lim [u(e) X 5(8)] (iv)  lim [A2(t)]
4. Show that function R(t) = sin 2t { + tan ¢ j+ % k is continuous at t = % .
o 2., £ 1.
5. Show that function 7(t) = - i+ —5— j+—; k is continuous at t - co.
t  2t°-57 e
6. For what value of t, following vector functions are continuous
. S n 1 t+2 ~ o o 1 .,1,
1 r(t)=ln(t+3)l+t_1]+ > 4k (i) r(t)=T+11+?]

5.3 Derivative of Vector Function

5.3.1 Define derivative of a vector function of a single variable and elaborate
the result:
If f(£) = f1(O)i + f2(0)] + f2(Dk, where f1(t), f2(t), f3(t) are differentiable
functions of a scalar variable then
df _dfi, dfz. dfs.
ac~ de T acd tae

Consider a vector function f (t) which is a curve,

Af
(fl’fZ, f3)

as the position vector function ]? (t) joining the origin O
of a coordinate system at any point (f, f5, f3), then
f©) = i LO] + f(OF
Where, f;(t), f5(t), f3(t) are single variable
scalar functions. As t changes, the vector function

Fig. 5.2

describes a curve having the following parametric equations.
fi= ), f2=1£0)., 3= f3()
Af®) _ i [EFADfO

Thus I%I—n»o At At—>0 At
Afw _ df
is a vector in the direction of A f If hmo At T dt exists, the limit will be a vector in the

direction of the tangent to the curve f (t) at the point (f3, f>, f3) and is given by

df afi, dfy  dfs.
o a T al Tk
df1 df, dfs

Here ——, ——, and — are the derivative of scalar function as
dt’ dt’ dt
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afy . A[@ A+ AY) = f1(0)

— = lim = lim

dt At-0 At At—>0 At

dfy, . Afot)  fo(t+HAD)—f, ()

4 = jm —f— = lim At

dfs . Afz (1) . fz(t+AD) — f3(0)
and — = lim = lim

dt  At-0 At At-0 At

-

. T d_f Frey — (p2t IS a4 +37
Example: Find It if f(t) = (e** + 1)i+sin(2t)j + t°k.

Solution: f£(£) = (€2t + 1)i+ sin(2t)] + t3k
By differentiating w.r.t t we get

df() d R
%) == [(e + 1)i + sin(20)] + t3k]
—d(2t+1)‘+d i (2t)A+d t3]k
BT ! dt[sm b dt[ ]
df

= 2e2ti+ 2 cos (2t)f + 3t2k

5.4 Vector Differentiation

5.4.1 Prove the following formulae of differentiation

da
[ ) _— =
dt
d ~ -, df dg
° _[ i ]:_fi_‘q
dt dt — dt
d - df do -
‘ dt[q)f]_wdtertf
d (> -dg df -
‘ dt[f'g]_ dt+dt‘q
d> > - dg ﬁ .
o Sfxgl=Fx—-+—xg
d[f] 1| df -do
° — = = — _—— f—
dt 1o 02 | dt fdt

Where a is a constant vector function, f and g are vector functions, and @ is a scalar

function of t.

In general, the standard rules of differentiation can also be extended to a vector

function:
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Consider, f t)=a is a constant vector function
=a1'l\+a2f+a3k
df  [(ayi+azj+ask)—(ari+aj+ask)
— = lim
dt  At-0 At
da . [ay —aqq, ; -
dt - A%I—r}o [ At ]l At—>0 [ ]] At—>0 [ ] k
= lim [0]{ + lim [0]] + lim [O]k = 0i+ 0] + Ok =0
At—-0 At-0 At—-0

da
Hence,— = 0
dt

df dg

G =[F+gl =+

By deﬁmtlon

deo o (IF+A)+@G+ADI- F+§)

a[f+g]—Al%m0 At

[f +Af + + g1 - (f + §)
At

o [FaF+gai-f-5
= 11im At

At—0

d p4 - .
U +d]= lim

<<f+Af> f) <(§+A§)—ﬁ)l=hm(f+Af)—f+hm(§+A§)—ﬁ
At—0

- Al}—>0 At At At—0 At
;t [7 + 5] = % + C(ii_f Hence proved.
Similarly, d[f—ﬁ] = & - d—ﬁ
dt dat dt
(iii) % [([)7] =4¢ % + ?% where ¢ is scalar function
dlof] _ . [@+a)(f +4f) - ¢f
dt At—>0 At
_ i [@+ 80 +4F) + &(F + 8F) - ¢(f + Af) — ¢F
B A%r—?o At
i |+ 8D +89) - ¢] + $I(f + AF) - ]
- Allf—>0 At
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(f + ) [($ + Ad) — o1l ,
At

At—>0 At—>0

[(¢ + A¢) - ¢]]

ol(f +AF) = f]
At

N f+Af)—f
= Im (7 + 7 |, R f]]

At-0

. A A
ﬂy}o(ﬁm[h (@ + ¢) ¢1] b 1im [(F + f) f]
:fd_(p ¢f ¢dt+dtf
Hence proved. ( At — 0 - Af — 0)

d -~ > > d - d >

@iv) E(f'g)=f'a(9)+g'a(f)

df-9) _ . [F+8)-G+a9-f-g

dt  At-0 At
i [+ GHAD+f-GHAD—f - (G+BH =g
_Aglo At

. [f-[(§+A§)—§]+(§+A§)-[(f+Af)—f]]

At—0 At

+ lim
At—0

. [lG+AD -l
fjim At

—f+ ) f] Jlim (g + Ag)

2 (f+Af)><(g+Ag) fxg
= lim
dt At—0 At
_ (FHAf)x @G+DP+fx @G+ —Fx(G+0G)—fxg
_Atr—>n0 At
g1+ [(f + Af) — f1x (G + A9
At

|G +a7) — 1]
At

(~ At—>0 ~A§— 0)
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[0 is scalar function]

l |- s
t|o
(¢ +A0)7(f +4F) - ¢-111

Flo71= "
i |[@ AT +A) + ¢ (F + 0F) — 97N (F +Af) - ¢-111

At—>0

i [¢f]

At—0 At

i (7 + 07)[( + Ad) ™ — 1] + $1[(F + AF) - f]]
- At—0 At

_ [(f + 0f)[(¢ + 29) ™1 — ¢ o o~ (f +of) - ]
= A At Aty At

[(¢+A¢) 1 ¢~ 1]] [(f +Af) - f‘
At

-1
+ ¢ Alt—>0

- Im(F+o0)|1

At—>0

X ¢~ 1(1+A"[’) 1 ¢
= Al}r_po(f + Af) lim [ ]

At—0 At

o)+ () - 1-07]

At

1
+ ¢ Alt—>0

[(f + Af) - f]]
At

-1
+ ¢ Alt—>0

= i (F+7)

lim
At—0 At

[(F +47) —f]‘

[Neglecting the terms involving higher power of A¢]
r 1
ﬁ szl®— Al —¢ f —-f
= Jim (7 + 8f) | pim [¢ | M‘

At—0 At + ('b At—>0 At

1
+ ¢ Alt—>0

a A
- 7 +o7) [, =152 |
- At -0, ~ Af -0, thus

1
=— ¢dt f] proved

a1 (b - Al -]
=Al%r_{10(f+Af) _EAI%QO [ At] ]

[(f +4f) - f]
At

(f+Af) f]

- ? ¢Alt—>0

Example 1. If i = 2ti — 5]; © = t?1 — 2tk are vector functions and @(t)= 3t is scalar
function then find the following:

d - -
M = [0+ ()] () 4 O3]
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d - > d -
iy — [u(0) x v(0)] @ — [ou(d)]
Solution:
0 L0 +30)] = [i(zﬁ _ 57)] ; [i (- zue)]
dt dt dt
= (2D + (2ti — 2k) = (2t + 2)i - 2k

() F[E0-5©] =) - [E5®]+50) - [Fui)]

= (2t1 - 5))- (2t1— 2k) + (t?1—2tk) - (20)  ~[i-i=j-j=k-k=1]
= (4t?) +(2t?) = 6t> [(-j=j-k=k-i1=0]

i) o [0 x 30 = 80 x [S50)] +5(0) x [Si(0)
= (2ti - 5§)x [% (e2i— ZtE)] + (¢21- 2tk) x [%(Zti - 5j)]

= (2ti — 5§) x [2t 1 — 2 k] + (t?1— 2¢k) x [21]

ioj k||t ]k
=12t =5 0|tz 0 -2t
2t 0 =212 o o

= {[(=5)(=2) = 0] — [(20)(=2) = 0]j + [0 — (=5)(2D)] k } +
{lo—0li—[0-(-20)(2))j + [0 - 0] k }

= {[10]i — [—4¢]j + [10t]k } + {—4t]j } = {[10]¢ + [4¢t]] + [10¢]k } — {4¢]}}

=107 + 10tk

d > d - - do
i - t t)| = t)— ult t)—
£ EO] = 0() = i) + ()2
da . . Lo_.d
= (3t) E(Ztl —5)) + (2ti - SJ)E (3t)
= (3t)(21 = 0) + (2t + 5/)(3)
= 6ti + 6ti + 15§
= 12tf + 15]
5.4.2 Apply vector differentiation to calculate velocity and acceleration of a
position vector 7(t) = x(t)i + y(t)j + z(t)k
Consider 7(t) = x(t) i + y(t) j + z(t)k is a position vector joining the origin O of
the coordinate system at any point (x, y, z) as shown in the figure 5.3.
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As t changes, the terminal point 7(t) describe a curve
having parametric equations

x = x(t), y=y(t), z=1z(t)

AF(t)
7 (xa Vs Z)

If lim ar_dr exists then the rate of change = will
At—0 At dt dt

be the velocity ¥. We further differentiate velocity ¥

) , v azr
with respect to time, we have — i.e.,
dt dt?

represents acceleration along the curve.

which

Fig.5.3

Example 1. A particle moves along a curve whose parametric equations are x = e ¢,

y = 2cos3t z = 2sin 3t, where t is the time.

(a) Determine its velocity and acceleration at any time.

(b) Find the magnitudes of the velocity and acceleration at t = 0.
Solution:
(a) The position vector of the particle is

PO =x@®) i +y(@t)j+z@®)k =eti+2cos3t j+2sin3tk

The velocity is ¥ = % = %[e‘t i+ 2cos3t j+ 2sin3tk]
_ 4 ‘fA+2d 3t “+2d in 3t) k
_dt(e )i dt(cos )] dt(sm )
Y

The acceleration is d = % = % [- et — 6sin3tj + 6 cos3tk]

—e ti—6sin3tj+6cos3tk

_ ‘“6d'3t“+6d 3t] k
= dt[ e ']1 dt[sm 17 dt[cos ]

d=e"'T—18cos3t] — 18sin3tk
(b)  Att=0, thevelocityis ¥ = — e~ (@7 — 6sin3(0)] + 6 cos 3(0) k
¥ =—1+6k
The magnitude of ¥ i.e., |#| = /(=1)2 + (6)? = v/37 units
Att =0, the accelerationis d = e~(®{— 18cos3(0)j — 18sin3(0) k
d=1—18

The magnitude of @ i.e., |d| = /(1)2 + (18)2 = V325 units

Example 2. A particle moves along the curve x = 2t%, y =t? —4t, z=3t—5, wheret

t

is the time. Find the components of its velocity and acceleration at time t = 1 in the direction
of i — 3j + 2k.

Solution:

() The position vector of the particle is

) =x@®)i+y®)j+zOk=2t21+ (> —4t)j+ Bt —5)k
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.., dr d W A ~
The velocity is ¥ = & = — [2¢2 14 (t2—4t)j+ (3t — 5) k|

d 2t2 +d(t2 4t)A+d(3t 5) k
BTG KT VRN

v_4ti+(2t—4)j+312
v
The acceleration is d = @ [4t i+ Q2t—4)j+3 k]

[dt [4t l+—(2t—4)]+§t[ ]12]
a=41+2j
(b) Att =1, thevelocityis ¥ = 4ti+ (2t —4)j+3k
V=41-2]4+3k
Att =1, the accelerationis d =41+ 2]
The component of # along the direction of § — 3] + 2k is
(41-2j+3k).(1-37+2k) @OM+=2)(-3)+B)(2) 16
JOPFCrr@?  VIEoRr

The component of @ along the direction of § — 3] + 2k is
(4i+2).(1-37+2k) @GODO+ @3N+ 0)(@2) -2

JOZ+ 32+ (22 VIi+9+4 Vi
Exercise 5.2 )
1. Find the derivative of the following vector functions.

@) F© =Int? i+ e + (2t2 + Dk
) fO) =(@+Di+In(t+2)]
(i) () =secti+ cost?f + (¢2 + ¢+ Dk

2. If ¥=ti+2t]; y=2ti+3tk are vector functions and @(t)= 3t is scalar
function, then find the following:
. d b - .o d il el
M ¥ -yl i g FO-F©]
Gi) = [0 x50) v = [0io)]
dt dt
3. A particle moves so that its position as a function of time is given by
7(t) = i + 4t%] + t k. Write expressions for its:
(a) velocity (b) acceleration as functions of time.
4. The path of a particle is given for time t > 0 by the parametric equations x = t — 3t

andy = %t:*. Find magnitude of velocity and acceleration of particle at ¢t = 5.
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A particle moves along the curve x = 2t2 and y = 4t. Find the component of velocity
and acceleration at t = 2 in the direction of 27 + J.

Review Exercise 5 )

Choose the correct answer.

(1) The domain of the vector function 7(t) = t3{ + %}? In(t—2)k,teR
(@) {t>2,,teR} (b){t < 2,,t €R}

() {t>0,,teR} (d{t>1,,teR}

(ii) Is the Function F(t) = cost i+ sin 2t k at t = 7 —--we-mmeemmv

(a) is not continuous (b) is continuous  (c) limit does not exist ~ (d) None of these

Lo 1 0 .. .
(ili)  What value of t, vector function F(t) = 7L *sint j is continuous at

()t #2, t ER (b)t>2 tER (c) t<2 t€ER @)t €eR
(iv)  Ifu = t21 — e?'} isavector function and h(t)=t?+ 2t — 2 is scalar function
then lim [A() U(t)] = -----mmmmmmmv

(@) —f (b)Jj (c) 2f (d) —2f

(v) If d=t%—e?y and ¥ =—2{—t%k are vector functions then
N IR 05) Ep—

(@) 0 (b) ¢4 (©) 12 —e2t ()2 t2

vi)  If f(©) = t%i—e?t} then f'(£) = -wmeoememeoeees

(a) 2ti —2e?t} (b) 2ti — %y (c) 2t1 — 2te?tj (d) None of these

(vii)  The velocity function of a particle, whose motion is given by
7(t) = %Tti+ 3cos(t)jattimet = % is

513 b) —1 23} (@) None of th
(a) 2nl+ j ()an (C)an— j  (d) None of these
(viii)  The magnitude of velocity of a particle at t = m, whose motion is given by
7(t) = 4 cos(t) i + 4sin(t) j + - t2k
(a) V5 (b) 5 (c) V51 (d) 57

(ix)  The magnitude of acceleration of a particle at t = g, whose motion is given by
F(t) = 4cos(t) L+ 4sin(0)] + o t2R is:

2 2 2
@ \/1677-'[[ +9 (&) VTG TS (C)Jlsn +9 (d)\/16+9rc

-\

2 T
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-

~ da
(x) Leta = 2i+ 3j+5kthena —

(a) 10 (b)/38 (©0 (d) None of these
2. Find the limit of vector function 7#(t) = 2t 1+ t3 j + k whent — 2.

3. Ifii = 5{ — 2tj; ¥ =1—3tk are vector functions and k = t + 1 is scalar function
then find the following:
0 lim [u(®) - v(0)] (i) lim [u(e) - v(0)]
(i) lim @) x 5(0)] ) lim (ko)

4, Check the continuity of the function G ®O=(t+8)1i+ L j+In(t+8)katt=0.

t—8
S. For what value of t, following vector functions are continuous
() =V36—t2+In(t+4)]
6. Find f '(t) of the following vector functions.
@) F(©) = et + (t3 + 3)f + cosec t? k
i £ =%i+e2t3j+sect3l€
7. A particle moves along the curve whose parametric equations are x = t3 + 2t,

y =3e%, z =2sin(5t), where x,y and z show variations of the distance covered
by the particle in cm with time in seconds. Find the magnitude of the acceleration of
the particle at t = 0.

8. The path of a particle is given for time t > 0 by the parametric equations x =t +%

and y = 3t2. Find velocity of particle when time t = 1 and acceleration at t = 2.



