
L6	Further	Mathematics	Mock	Teacher	X	21-22	SOLUTIONS	[56]		
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5.	
(a)	 For	an	invariant	point:	 !2 −1

4 −3' !
𝑥
𝑦' = !

𝑥
𝑦'	 	 [M1]	

	 	 2𝑥 − 𝑦 = 𝑥	 and		 4𝑥 − 3𝑦 = 𝑦	 	 	 [A1]	
	 	 𝑦 = 3𝑥		 and	 𝑦 = 𝑥	 	 	 	 	
	 The	only	point	that	satisfies	these	equations	is	(0, 0)	 [A1]	
	
(b)	 Let	the	invariant	lines	be	𝑦 = 𝑚𝑥 + 𝑐	so	any	point	has	coordinates	(𝑘,𝑚𝑘 + 𝑐)	

!2 −1
4 −3' !

𝑘
𝑚𝑘 + 𝑐' = ! 2𝑘 −𝑚𝑘 + 𝑐

4𝑘 − 3𝑚𝑘 − 3𝑐'	 	 	 [M1]	
	 The	image	point	must	also	lie	on	the	line	𝑦 = 𝑚𝑥 + 𝑐:	
	 4𝑘 − 3𝑚𝑘 − 3𝑐 = 𝑚(2𝑘 −𝑚𝑘 + 𝑐) + 𝑐	must	be	true	for	all	values	of	𝑘	and	𝑐.	
	 So	 𝑘(4 − 3𝑚 − 2𝑚 −𝑚!) + 𝑐(−3 +𝑚 − 1) = 0	 	 [A1]	oe	
	 𝑚! − 5𝑚 + 4 = 0	 means	𝑚 = 4	or	𝑚 = 1	 [M1]	solve	their	equation	in	𝒎	
	 When	𝑚 = 4,	−3 +𝑚 − 1 = −3 + 4 − 1 = 0		 so	𝑐	can	take	any	value	
	 When	𝑚 = 1,	−3 +𝑚 − 1 = −3 + 1 − 1 ≠ 0		 so	when	𝑚 = 1,	𝑐 = 0		
	 The	invariant	lines	are	𝑦 = 𝑥	and	𝑦 = 4𝑥 + 𝑐	 [A1,	A1]	
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