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    $\begingroup$
    
                
Let $X$ and $Y$ be independent, continuous random variables.


The PDF of a sum $W=X+Y$ is given by the convolution formula $$ f_{X+Y} (w) = \int_{-\infty}^{\infty} f_X(x) f_Y(w-x)\,\,dx$$




In this lecture, it is shown a more general way to use the convolution formula to get  the PDF of $Z=2X-Y$.


It goes as follows. If $$Z = (2X)+(-Y)$$
Then
$$f_{2X-Y}(z) = \int_{-\infty}^{\infty} f_{2X}(x) f_{-Y}(z-x)\,\,dx$$



What I don't really understand is why the argument of the PDF of $-Y$ should be kept in the same form. Shouldn't it be


$$f_{2X-Y}(z) = \int_{-\infty}^{\infty} f_{2X}(x) f_{-Y}(2x-z)\,\,dx \,\,\,\,\text{?}$$



... since $Z=2X-Y$ and then $Y=2X-Z$ ?




Thanks in advance,
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    $\begingroup$
    
$X\neq x$ --> The error in your reasoning is to think that $x$ and $X$ stand for the same object: $x$ is just the variable of integration, we can use any letter. In the first case $x$ is a realization/value of $X$ but in the second case $x$ is a realization/value of $2X$ when you write $f_{2X}(x)$.
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                Thanks. I got it for $f_{2X}$, but I still didnt get it for $f_{-Y} (z-x)$. What do you guys recommend? Reviewing convolution derivation?
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