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Answer the following questions about the double integral 7 on the region D= {x+y < 1,x 2 0,y 20}

I= ﬂ ArMnfdxdy

( (1) Show and hatch the domain of the mtegral on the x-y plane and express numerical values on the x and y
axes. . .
(2) Convert the variables with x = ( cos §)2, y = (r sin @), then calculate the Jacobian determinant, J.

Note that the Jacobian determinant can be written by the following fomula ‘for the coodinate

transformation, (x,y) — (r, ).
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(3) Caiculate the double integral 1.
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Communications, 2016, 7:12402) DRETH 5,

Components with self-propelling abilities are important building blocks of small autonomous systems and

- ( the characteristics of liquid metals are capable of fulﬁlhng self-propulsion criteria. To date, there has been
Lt meye Jf‘i"\ii‘i i . Wﬂ"‘"‘ , ‘ ‘.

vbreaking that- generates motion. Here we show the controlled actuation of liquid metal droplets using
only the ionic properties of the aqueous electrolyte. We demonstrate that pH or ionic concentration
gradients across a liquid metal droplet induce both deformation and surface Marangoni flow. We show

~ that the Lippmann dominated deformation results in maximum velocity for the self-propulsion of liquid
metal droplets and illustrate several key applications, which take advantage of such electrolyte-induced -
‘motion. With this finding, it is possible to conceive the propulsion of small entities that are constructed



