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Abstract
In order to simplify the calculating process of finding the primitive function of a total differential, this article introduces two
methods to solve this kind of problems.
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1. Introduction

To find the primitive function of a total differential, the method which is frequently used at present is called Special Path
Method, namely Curve Integral Method 1. Actually, there are other methods to solve this type of problems, and in some
situations they are even easier than Special Path Method. Here we will introduce two other methods to find the primitive
function of a total differential by giving examples 1.

2. Anti-derivatives method
The steps of this method are:

(1) let du(x,y) =M (X, y)dx+ N(x, y)dy

(2) Find Z—::M(x, y), %uzN(x,y)

(3) Obtain u(Xx,y) = j M (%, y)dx+¢(y)

@oaT = (MO Y)H) -9/ () =N(x.y)

(5) Find ¢@'(X, Y) though the formula above, so find function @(X, y)

(6) According to step (3), get the primitive functionu(X, y) .

Example 1 ™. Find the primitive function of the total differential
(e*sin y +2xy?)dx + (e* cosy + 2x°y)dy .

Solution. Let function U(X, Y) be the primitive function, then
du(x,y) = (e*sin y +2xy?)dx + (e* cosy + 2x°y)dy

au X o 2 au X 2
So—=(e"siny+2xy°), — =(e*cosy+2x
P ( y+2xy°) Y ( y y)

SUu(%,y) =J'(eX sin y +2xy*)dx + (y) =€*sin y + X’y + ()
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%; =e*cosy+2x°y+¢'(y) =e* cosy +2x°y

S @'(X,y)=0 ..¢(y) =c (cis a constant)
su(x, y) =e*siny+x’y*+c
Example 2 ™, Find the primitive function of the total differential
(x* —2yz)dx+ (y* —2xz)dy + (z* - 2xy)dz
Solution. Let function U(X, Y) be the primitive function, then
du = (x* —=2yz)dx + (y* —2xz)dy + (z* — 2xy)dz .

1%,
.-_a_u=x2_2yz, —u=y2—2xz, a—u=zz—2xy
OX oy 0z

u=J0¢ ~2y2)dk+ p(y) +9/(2) =3 X =202 + ply) + 1 (2)

ou
c—==2X2+ ¢ (y)=y*—-2xz

oy
(W)=Y

2 1 3 f
~o(y) = I ydy = 3 y® +C, (C,is a constant)
Similarly Z—: =-2xy+¢'(z) =z - 2xy

L 9'(2)=1°
: P :
~(2) =JZ dz =§Z +C, (C, is a constant)

sou(x, y):%x3—2xyz +%y3+cl+%z3+c2

:—2xyz+%(x3+y3+z3)+c

3. Completing total differential method
Completing total differential method can be explained as follows: By observing and analyzing the properties of

ou ou ou
du =—dx+—dy+-—4dz, find its primitive function directly [,
ox oy 0 o

xdx + ydy + zdz
Example 3 ™. Find the primitive function of the total differential 5 -
XYtz
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xdx + ydy + zdz
Solution. Due to \/m is a fraction, and its denominator is\/XZ T yz 172, so\/xz 4 yz + 72 can be

considered to be a part of the primitive function.

N R 2xdx +2ydy + 220z _ xlx + ydy + 2dz

X +yr+z? VX +y?+7°
xdx + ydy + zdz
is \/x*+y*+2z° +cC.

2
Example 4. Find the primitive function of the total differential

So the primitive function of >
X“+y +12

(;—1+2x2)dx+ (1—#+3y3)dy
X y _

(x* - y?)* (xX* - y?)*

_ 1 2-2xdx 2-(—2y)dy  xdx-—ydy
Solution. " d = =

20¢—yh) 40 —yD)E A(¢ -y (X yP)?

dlnx:idx, din y=£dy
X y

d (% x*)=2x%dx, d (% y*) =3y3dy

So the primitive function of

X 1 1 y 3
(———+2x2)dx+(———+3y )dy
(x*=y*)? x y (*-y?)?
' 1 In X+1In +2x3+3 ‘¥c
| 5 55 - — .
° 2(x* —y?)? yr3r Ty
4. Conclusion

According the examples above, there are various methods to find the primitive function of a total differential. With the anti-
derivatives method and completing total differential method, we can solve this kind of problems easily. However what needs
to be illustrated is that the anti-derivatives method applies to the relatively simple situation to find a primitive function of two
variables, while the completing total differential method applies to the situation when the primitive function can be found by
observing. While using the completing total differential method to find the primitive function of a total differential, it can be
easier with a good proficiency of the four fundamental operations of differential.
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